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INTRODUCTION. . -

It is designed that this work shall include all the or-
ganie and inorganic chemicals employed in medicine, and
which may be required of pharmacists. These chemicals
are practically investigated, as well as the processes by
which they are made. The principal impurities or adul-
terations that may exist in them are named, and proper
tests are given for their detection. Poisons are specified,
and with each noxious article the treatment and antidotes
for injurious doses. Under the head, “ synonyms,” with
each compound will be given the various names by which
the article is known to chemists, as well as to commerce.
The atomic weights, specific gravities, solubilities, etec.,
herein given, are the results of the investigations of the
most careful scientists. Names of experimenters are sel-
dom given, and this would seem to be an act of injustice
towards men who have labored to bring our science to its
present condition, but the necessity for condensation, very
much to the author’s regret, has rendered it necessary for
him to omit this act of courtesy, and to simply acknowl-
edge his indebtedness at this place, in general terms.
Prof W. L. Dudley kindly reviewed that portion of the
manuseript embracing chemieal philosophy, for which the
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possible manner eonsizent with clearness. It has been
thonght best to give the prominent characters of all ele-
ments, that have been indispntably accepted as such,
tegardless of their use in medicine. In studying com-
pottnds, however, T have noticed, as the rule, only such
e e wsed in medicine or by pharmacists, or that are
i1yt renige poisony.  The exceptions are certain combina-
i oo o -metallic elements, and metals with oxygen,
whtele i op peneenl ntorest,  Tn most onsos, it will be
vl it e only nre mxplanations of ehemieal renctions
el e i 1 (e toat, it 1y nddition, equations have
“““’\”\ '““‘N ool wa “"!‘!NIllmllhl\(‘lltﬂ. The student
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INTRODUCTION. 5

should remember that formule and equations only repre-
sent compounds and chemical changes ; they are simply an
aid to the study of facts, and much valuable time may be
lost by attempting to memorize unnecessary formule and
long lines of equations. By introducing only medicinal
chemicals, I have been enabled to give, in most instances,
quite thorough descriptions of the important ones. My
laboratory and commercial experience have been drawn
upon to render the work as complete and practical as
possible, and my aim has likewise been to make it of in-
terest and value to students, physicians, and druggists.
That it may accomplish these purposes is the sincere
desire of the author.

J. U. LLOYD.



PREFACE TO SECOND EDITION.

The fact that the first edition of this work was entirely
disposed of within a month from the time of its publica-
tion, taken in connection with the many complimentary
and favorable notices of it from the foremost medical and
pharmaceutical journals of our country, as well as from
numerous teachers of medicine and of pharmacy, has led
me to hope that it may meet with a more extensive cir-
culation, and prove of greater utility, than T could at first
reasonably anticipate. I have thercfore been induced
to present this second and improved edition.

The student should constantly keep in view the fact
that.the study of medicinal chemicals is simply an appli-
cation of general,-well known chemical laws to such
agents and compounds as are employed in medicine. A
partial instruction in these laws may be sufficient for the
manner of teaching in many schools ; but during all such
special teaching, and even during the study of any one
remedial agent or compound, reference should invariably
be made to the general laws L.

(6)



THE CHEMISTRY OF MEDICINES.

APPARATUS, WITH DIRECTIONS FOR USE.

IN making chemical preparations, and in trying ex-
periments in chemistry, a certain amount of apparatus is
necessary. Often the student will purchase a line of
apparatus that ein not be adapted to the experiments and
work which is to be performed. Again, he will labor
under disadvantage from not wderstanding how to han-
dle and use the ware. In view of the above, and to
familiarize the stndent with most of the apparatus men-
tioned in this work, it has been thought advisable to in-
troduce cuts of the more important pieces with appro-
priate remarks. It is possible to perform many experi-
ments with the most simple forms of apparatus, and it

Fi1a. 1. Beakor Glass.
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will be noticed that the directions we give for making
most of the compounds in the work to follow require very
little beyond a flask or a dish, etc. ; therefore the student
must not infer that it is necessary for him to purchase
the entire outfit at once. Let him consider the experi-
ments which he proposes to try, and from time to time
procure the apparatus necessary.

Beaker Glasses.—These are represented by Fig. 1.
They are thin, cylindrical glass vessels, and are very use-
fal for mixing liquids, and especially for the purpose of
producing precipitates. They are also convenient for
filtering into, and as they are made of very thin glass,
they will stand the change of tem-g
perature caused by hot solutions. i
They may be purchased singly of |8
any size, from one ounce capacity!
to half a gallon. A nest, which®
contains from ten to twelve glasses,
one within the other, and holding
severally from one ounce to two
pints, may be obtained, and this is
desirable if many ave required.
There are two forms of the beaker
glass, one with lip, as our cut repre-
sents, the other is plain. Use the
beaker glass with lip.

Mouth Blowpipe.— This is a
very convenient little instrument
(fig. 2) in testing for the presence
of certain elements, or for the pur-
pose of oxidizing or deoxidizing a
substance. The point of the blow-
pipe is to be inserted into an alcohol
flame, or a gas jet, aud a gentle
current of air then blown through
it. This produces a hot double
flame having the shape of two long
pointed cones, the inner of which is
Dlue, the outer yellow. If a body Fig. 2.
be placed at the tip of the outer Mouth Blowpipe.

~N o




APPARATUS. . 9

flame it will be oxidized. If it be placed within this
flame and at the tip of the inner flame, deoxidation (re-
duction) takes place. In consequence of this fact the
outer flame is called the ozidizing flame, and the inner
the reducing flame. The blowpipe, as far as experiments
in synthesis are concerned, is seldom employed, but it is
very useful in analytical operations.

Oork Borers.—These are cylindrical tubes
of brass (fig. 3) with a knob upon one end of
each, the opposite end being sharpened to an
edge. In using this instrument the sharp
end is placed agaiust the cork, and by means
of a twisting push the tube is thrust through
it, thus cutting a cylindrical hole the size of
the borer. (f)’rk bovers reach the market in
sets of from three to twelve, nested and of
different sizes. In practice we prefer a rat-
tail file for boring holes through corks. With
two or three-sizes of this file, regular and
even holes of any diameter can be quickly
drilled.

Crucibles.—F'g. 4 represents the common
Hessian (sand) crucible. There ave plum-
bago crucibles and porcelain crucibles in ad-
dition, but for ordinary purposes the Hessian
crucible will answer, and it is cheapest. Cru-
cibles are used where a high heat is required,
as for example, in making monosulphide of
calcium (see index). In certain cases plati-
num crucibles are used, but this is not neces-
sary in the practical work of the pharmacist,
although for many analytical operations pla-
tinum is indispensable.

Evaporating Dishes. — Evaporating dishes are
made of porcelain and of glass, but the porcelain dish
only is of practical value. Porcelain evaporating dishes
are of many qualities, and of different shapes. Our fig-
ure 5 represents the most desirable pattern, especially for
the large sizes. These have a heavy rim around the top,
as shown in the engraving. Small sizes are plain. The
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ware known as Berlin porcelain is most reliable, and if
properly managed will stand considerable heat. These
dishes should be thin and of an even thickness, as may
be shown by holding them before a window or other

Fi16 4. Hessian Crucible.

strong light. In heating an evaporating dish, if the dish
be cold the heat must be gradually raised by means of a
sand or a water bath, or by passing the dish backward
and forward over a flame until it is warm. Porcelain
dishes will stand the action of strong acids, but caustic

Fia. 5. Evaporating Dish.

alkalies corrode them. They may be obtained of any
capacity between one fluid ounce and four gallons. Let
it be remembered that in all cases where a “dish” or
“ basin ” is referred to in this work, without further spec-

ification, the porcelain evaporating dish is intended. The
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term “ capacious” is often used by chemists with refer-
ence to the vessel that shall be employed. Iun such cases
the vessel should have a capacity of two or three times
that of the material it is expected to contain.

Funnel.—This should be of glass, and of the shape
represented by our engraving (fig. 6.) Many funnels of
the market are unfit for use by reason of the rough, bun-
gling exit tube. Some of these are of thick, heavy glass
so large in diameter that they can not enter the mouth of
an ordinary bottle, and yet the glass is so thick as to
permit the passage of only a very small stream of liquid.
In selecting a funnel choose that in which the exit tube
is slightly tapering, of light glass, and rather small. The
conical part of the funnel should incline at an angle of
60°. It is well to have several sizes of funnels.

Fi1e. 6. Funhel. Fi1c. 7. Alcohol Lamp.

Lamp. — The alcohol lamp (fig. 7) is all that may be
required in experiments, but for practical work on a large
scale the gas stove is hardly to be dispensed with. Alco-
hol lamps produce a hot flame at moderate expense, and
they are perfectly safe. The glass cover which fits over
the wick should always be in place when the lamp is not
burning, as it prevents the evaporation of alcohol. Do
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not place cork around the tin tube which enters the lamp,
as this must fit loosely, in order that air may enter the
lamp as the alcohol is used. :

Sand Bath.—The sand bath (fig. 8) is simply a thin
iron or copper vessel partly filled with sand. The sand
bath distributes heat evenly to any vessel that requires a
regular temperature. In using the sand bath, place a
layer of dry sand half an inch in thickness upon the bot-
tom of the vessel, and upon this place the vessel which is
to be heated. Now fill with dry sand the space between

Fr1a. 8. Sand Batb, with Beaker Glass.

the two vessels. Place the apparatus upon the ring of a
filter-stand, and apply heat to the bottom of the outer
vessel ; or place the arrangement upon a gas stove, or even
an ordinary stove. It must be observed that the sand
bath should be prepared for use while cold, as hot sand is
liable to crack an evaporating dish or a flask, o
Water Bath (or expanded steam bath).— This is
used upon the same principle as the sand bath and for the
same purposes. The water bath has the advantage, how-
ever, of an even temperature and a temperature th.at can
not rise above 100° C. (212° F.) The water bath is sim-
ply made by placing a pan of water upon the ring of a
retort stand and covering the top of the pan with a shect
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of tin through which a hole is cut. The vessel to be
heated is placed in position over the opening. It is not
necessary that it enter the water, as the heat imparted by

Fi1a. 9

Test.Tube.

- 1
enas as represente
must always incli

» as great as that of the
-is best that the vessel to
wt touch the water. The
y a water bath averages
1e water bath is very con-
ating liquids that decom-
2. (212° F.), or for apply-
‘t where a low even tem-
sle.

[he test-tube (fig. 9.) is
1 glass tube closed at one
. edge upon the opposite,
ngraving. It is of great
xperiments.  The test-
n and of good glass. As
: the tube in the flame
riece of paper into a strip
icknesses, and then wrap
of the tube, twisting the
d by fig.9. The operator
ne the test-tube, when in
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use, 8o that the mouth is directed away from his person.
This is to avoid the chance of a spurting liquid which is
sometimes thrown from the tube with cousiderable vio-
lence when boiling commences. This is especially liable
to occur when the heat is applied at once directly to the
bottom of a tube which contains a heavy solution. Ex-
perience will teach the student that it is best to first pass
the tube backward aud forward through the flame of the
lamp, and when its contents are warm to incline the tube
slightly, with the mouth away from his person. By this
means the flame of the lamp heats the entire solution
evenly, and boiling begins about the same time through-
out the entire liquid. Test-tubes come in nests of four
(usually), and are sold at a reasonable rate.

Fi1a. 10. Test-Tube Rack.

Test-Tube Rack.—This is represented by fig. 10. It
is a wooden rack, the holes of each shelf being so arranged
that the tubes pass through and rest upon the shelf below.
Test-tube racks (or stands) are very convenient, especially
where it is desirable that liquids shall stand a few hours
for future observation. They are not indispensable, how-
ever, and the beginner may employ a row of wide-mouth
bottles as test-tube holders with entire satisfaction.
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Chemical Flask.— This we represent by fig. 11. The
chemical flask is a thin glass vessel, shaped as the cut repre-
sents and intended for heating liquids, although it*may be
used in many other chemical operations This flask is some-
times called the Florence flusk, a name derived from the
fact that some years ago olive oil was imported from Italy
in flasks somewhat vesembling the foregoing. These were

Fi1e. 11. Chemical Flasks.

employed, when empty, by chemists for the purpose filled
by the chemical flask of the present day. Chemical flasks
are found in the market with round bottoms and with
flattened or concave bottoms. The concave-bottomed flask
is to be preferred in all cases, as they will stand upright
upon the table. Chemical flasks also have two patterns of
lips, one, (fig. 11), simply turns outward, and this style is
preferable either for pouring into or from the flask. The
other lip is made by passing a heavy rim of glass around
the top of the neck and afterward grinding the top evenly.



16 CHEMISTRY OF MEDICINES,

This style is preferable where corks are to be inserted.
Let it be remembered that all chemical flasks should be
made of thin glass,t and that in heating thew the temper-
atuve at first must be gradually raised in the manner we
have directed for evaporating dishes.

Fla. 12, Retort connected with a Condenser.

Retort.—Fig. 12 represents a retort connected with a
condenser.  This retort is known as the ¢ tubulated and
stoppered retort,” and fig. 13 represents the “ plain re-
tort.” It will be noticed that the distinguishing feature
is the absence of a neck and stopper from the top of the
plain retort. For all ordinary purposes tubulated and

Fia. 13. Plain Retort.

stoppered retorts are to be preferred and the experimenter
will scldom have use for the plain retort. In selecting a
retort observe that the exit tube is regular and drawn
rather small, 50 as to fit into the adupter without trouble.

T1n selecting chemical ware to which heat is to be applied, whether
the vereel be gluss or porcelain, select that which is light and thin.
The chemist is expected to be careful and not to break vessels by
rouzh treatment. Contraction and expansion from variation of tem-
perature is a matter beyond his control, and this will sooner or later
fracture thick ware. It will also be found a matter of economy to
porchase the best quality of gluss and porceluin.
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The body of the retort should be of thin glass and free
from bubbles. Retorts are intended for the purpose of
distilling, and should be warmed by means of a sand ora
water bath. The liquid is to be introduced at the tubu-
lure of the retort, and it is usually advisable to con-
nect the retort with the condenser, and this with the re-
ceiver, before charging the retort.

Fi6. 14. Retort Stand.

Retort Stand.—Fig. 14 represents the common, ringed
retort stand. It is arranged so that the rings may be
moved up or down. The retort stand is used for holding
a retort, or, indeed, any piece of apparatus, such asa flask,
a sand-bath, a funnel while filtering, ete. In using the
retort stand, the vessel to be held in position is placed
upon one of the rings which is then moved into proper
position and secured by means of the thumb-screw. ﬁfy
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tort stands are also made with clamps npon their arms by
means of which test-tubes, glass tubing, etc., may be fixed
in any desirable position.

Condenser.—A familiar example of the condenser is
an ordinary worm, such as is used in distilleries. 'When
heat is applied to the retort, the liquid changes into vapor,
and passes into the condenser which is surrounded with
cold water. The vapor consequently parts with its heat
and is vesolved into liquid, or in common language con-
denses, hence the name, “ condenser.” We present (fig. 15)
a drawing of a condenser which is known as “Liebig’s
condenser.” It consists of a tin or copper tube, two and
one-half or three inches in diameter and two feet long,

Fia.15. Licbig Cordenser. .

corked at both ends. A glass tube passes through the
center, extending beyond either cork. .'The outer tube
(tin or copper), has attached near one end a half-inch
metal tube ; this inclines at an angle as represented by our
engraving, and bears a funnel upon the top. At the
other end of the large tin or copper tube another half-
inch metal tube is affixed, and this passes around one side
of the condenser and downward, as shown by our figure.
Cold water is either poured into the funnel from time to
time, or is permitted to flow into it in a steady stream.
The water warmed by the heated vapor, consequently
escapes at the exit. The retort is connected with the
glass tube at the upper end of the condenser (see figure
12), and thus the tube through which the vapor passes
is constantly surrounded with cold water.
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Adapters.—These are shown by figures 16 and 17.
They are designed to connect tubes of different sizes,to
connect a retort with a condenser, or to connect the con-
denser with a receiver. It will be observed (fig. 16) that
the straight adapter is simply a section of flaring glass
tube. When tubes of different sizes are to be connected,
the end of one is inserted into the large end of the
adapter, and the other end of the adapter is to be inserted

Fia. 16. Straight Adapter.

into the opposite tube, as illustrated by fig. 16. Curved
adapters are bent as shown by fig. 17, They are used
mostly to connect condensers with the receiver. A shect
-of soft rubber shouhd be wrapped closely around cach
joint and sccured with string, as the adapter alone will
not prevent the escape of vapor, or even of a liquid.
Receiver.—This is simply a bottle on a flask, unless
the experimenter chooses to purchase the globular re-
ceiver. For ordinary purposes such is nnnecessary, as a

F1a.17. Curved Adapter, connected with s Condenser.

condenser is used to liquefy the vapor of the distilling
‘liquid. In this case the tip of a curved adapter inserted
into an ordinary bottle will conduct the liquid to a place
of safety. Refer again to fig. 17, which vepresents the
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enrved adapter attached to the exit of a condenser. If a
bottle be placed beneath this, it will represent the exit of
a distilling apparatus prepared for work, the bottle being
the * receiver.,”  In connecting an adapter with the re-
ceiver, the joint can scarcely ever be made air tight with
safety. It is usually best to insert the tip of the adapter
into the neck of the receiving bottle, and then to stuff
cotton between the neck of the bottle and the adapter,

Glass Tubing.—This can be purchased of any size
and weight. For all ordinary purposes it is best to select
the weight which is employed in making homecopathic
vials, or that which is a little heavier. The size of the
tube must be determined by the work which the experi-
menter intends to perform, and the conmnections to be
made. Glass tubes should always have their euds fused
(after being cut) by meaus of the heat of an alcohol lamp
or a gas flame.  This is to prevent eracking, and to make
it safe to handle them, and to insert them into corks, rub-
ber tubes, etc.

F1a. 18. Bending Glass Tubing

 Bending Glass Tubes.—Often it is necessary to bend
glass tubing—a feat easily accomplished as follows : Hold
the tube across the flame of an alcohol lamp until it gives
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at the heated portion ; then slowly slide the tube through
the flame, bending it gradually as represented by fig. 18,
the dotted line showing the intended bend of the tube.
This will give a smooth, even cyrve, shown by fig. 19.

Fr1e. 19. Tube prope:ly Bent.

If the flame be applicd at one place,and the tube be then
bent at this point, it -flattens upon the outer side of the
“point of curvature, and the inner part of the curve often
bulges upward. Such a bend will often almost com-
pletely close the bore of the tube, as we represent by fig.
20." The student will do well to experiment a little upon
the bending of tubing. -

Fia. 20. Tube imperfectly Bent.

Cutting Glass Tubing.—Glass tubes may be cut at
any place, by first filing a notch upon one side with an
ordinary file, and then gently straining the tube between
the fingers as though a stick were to be broken. The
notch should be upon the side of the tube furthest from
the operator, and against which the strain is directed.
After the tube has snapped, burn each end in the lamp
to smooth the edges.

Connecting Glass Tubes.—We have described the
adapter. In addition to this chemists employ rubber
tubing to connect glass tubes. For this purpose the soft
rubber is used, and “black rubber” is more flexible than
the white, and therefore to be preferred. If the rubber
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me. 21. Connecting Glass Tubes with Rubbr Tubing.

is of larger bore than the diameter of the glass tube, it is
necessary to fasten them by wrapping with string, as rep-
resented by fig. 21. If the bore of the rubber be the

Fra. 22.

size of the bore of the glass, simply inserting the glass
into the rubber will make a secure joint (fig. 22). For-
merly sheet rubber was used for makmg connections, but
at present this is employed only in such places as forbid
the use of rubber tubing. In almost all cases where glass
tubes extend from one piece of apparatus to another, it is
advisable to use two tubes, and connect them with rubber.

Fia. 23. Woulfe’s Bottle. Fia. 24.
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Woulfe’s Bottle.—This is a bottle provided with
either two or three necks. The Woulfe bottle is used for
washing gases, or for holding a liquid while a gas passes
into it. For this purpose oue of the necks is fitted with
a cork through which a glass tube extends and reaches
nearly to the bottom of the liquid, and through this tube
the gas is passed. If it be intended that this bottle be

-used simply for washing gases, the other neck is provided
with a perforated cork, and through this cork a glass tube
is inserted. In this manner several Woulfe’s bottles may
be connected together.

It is not necessary that the experimenter provide him-
self with Woulfe’s bottles, as a wide-mouth bottle may be
usually substituted in their stead. Through two holes in
the cork the tubes may be passed, as we show by fig. 24.

[

Fia. 25. Graduate.

Graduate.—The vessel to which the name “graduate”
(fig. 25) is applied, is marked by a scale cut in the glass.
This scale is graduated so that the operator may accu-
rately measure either small or large amounts. For small
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amounts the minim measure is employed. This holds
one fluid drachm, and is graduated into fractions of this
amount. The *“ graduate” proper will hold from half a
fluid ounce to thirty-two fluid ounces, and is graduated
from the drachm or half-drachm to that amount. Minims
are marked m; drachms, 3 ; ounces, 5. )
Spatulas.—These are slender, knife-like steel blades,
(fig. 26,) and are used for mixing powders, cte. There.
are three styles upon the market, metal handled, riveted
wooden handled, and spatulas in which the blade is sim-
ply stuck into a wooden handle by means of cement.
Always purchase the riveted wooden handled spatula.

Fia 26. Spatula.'

Mortars ave familiar to all. The ordinary wedge-
wood  mortar answers best for ordinary purposes. They
are not fitted for concussion, however, therefore an iron
mortar must be used for breaking hard bodies.
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other. The several substances have distinct properties,
and this immutability man has never been able to over-
come.t

Primary Forms of Matter, or the Elements.-—
All bodies that have never been (iecomposed into simpler
forms of watter are called primary bodies, or elements.
There are at present sixty-four known elements (see table).

Allotropy.—When this word is applied to an element
we understand that the element is capable of existing in
two or wmore distinet conditions. There is no change in
composition, but the chemical and physical properties of -
the various modifications differ to a more or less extent.
As an illustration we ask the reader to refer to phospho-
rus. This element may be made to assume three distinct
forms, each of which differs from the others in a remark-
able manner. The diamond, plumbago, and ordinary
charcoal, are all carbon. Sulphur exists in several allo-
tropic conditions, yet each form is sulphur. When an
element assumes an allotropic form, we consider it simply
a modification of the original bedy, regardless of the
change in both chemical and physical properties. This
change in the condition of an element is generally ac-
cepted as the result of a difference in the arrangement of
its atoms.

Cornstitution of Primary Matter.—We have re-
ferred to the elements as though they were homogeneous
bodies.  We must now go further and assume that any
perceptible amount of an element is capable of subdivi-
sion, until a given point is reached. This we consider
the smallest particle of an clement—the atom—and we
accept that each form of primary matter is composed of
atoms.

1Tt must be remembered that we spenk with tha lizght which is
now before us. At onetime some of our common salts were called
elements. The knowledge of a few years may provo thut cur cle-
ments nre compounds. Indeed, the indications are that chemists
may yct possess tha power to decompose many of our so-called clo-
ments. However, if this should be so, and if all matter should he
preven a modification of force, tha chemist nnd theorist wiil be con-
fronted with the problem us to tha origin of force.



CHEMICAL THEORY, OR CHEMICAL PHILOSOPHY.

THE origin of the word “chemistry” is involved in
obscurity. Some believe it to have reference to the soil
of Egypt, and to denote something which is dark or
black. Thus we hear the early science spoken of as “ the
black art.” Other and equally good authorities believe
that the word chemistry was derived in early days from a
word which signified heat, and this also seems probable, -
inasmuch as the majority of chemical operations require
the aid of heat.

Chemistry at the present day may be defined as that
branch of natural science which treats of the properties
of simple and of compound matter; of the relations of
the various elements; of the compounds which may be
formed of primary matters, and of the laws which influ-
ence combination (synthesis) and decomposition (analysis).
. Matter.—Whatever has weight or occupies space is
matter. Thus we may include in the same elass }l\ydro-
gen gas, the lightest, and osmium, the heaviest of known
elements. All the material of this world is a form of
matter, and its characteristic property is its indestructi-
bility. Man admits that he can not destroy the smallest
particle of matter, neither can he by any known power
crcate. He has never noted the production of matter by
an act of Nature, and Nature has never been known to
annihilate. Man can bring no scientific evidence to dis-
prove the assertion that all matter existed from the be-
ginning, and will continue to exist forever.

Forms of Matter.—While it is admitted that matter
is imperishable, we all know that many forms of matter
exist. Thus we have iron, copper, gold, silver, lead, ete.
These are primary forms of matter. They are classed
under the general name, matter, but each differs from the

(25) '
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TABLE OF ELEMENTS,

WITH THEIR SYMBOLS, ATOMIC WEIGHTS, AND LARGEST

QUANTIVALEXCE.
Atomic Atomnie
Symbol.| Weight. Symbrl | Weight.
Aluminium.. ...... Alvi | 273 |Mercury, o
A ntimony, } Sv” | 122.0 Hydrargyrum, } Hg 199.8
Stibium, § “2Y [INickel..oooeeennnee. Nivi | 586
Arsenicum ........ Ag””| 749 |Niobium............ Nbv | 940
Barium ....... .....| Ba” | 136.8 | Nitrogen... ....... Nv 14.01
Beryllium. ........ e” 90 [Osmium............. Os'v | 198.6
Bismuth ........... Bi””7 | 210.0 [[Oxygen .....ceueeeee 0~ 15.96
Boron..coeee cevenen. B2 | 11.0 {[Palladium. ........ Pdiv | 106.2
Bromine...... ..... Br | 79.75/Phosphorus........| Pv 30.96
(é‘admmm . gd” ﬁl)g {;Iatmum ........... Pev | 196.7
eSIUM...eeeeneenses 32 otassium, ’
Calcinm. ...ceeerenee C 71 399 |Kalium, } """ K ) 89.04
Carbon..ccccenvnn... 11 97|Rhodium....cc...... Rhiv| 104.1
Chlgrine ........... Cl’ 35.37 Rubidium.......... Rb” | 8.2
Cerium........ ... Ce” | 141.2 (Ruthenium.........| Ru'v | 1035
C:htl;o;nium.... ..... 8r"/‘ g‘éﬂ bc,llemum ............ Sevi | 78.0
Cobalt ..ccevveneene. o’ 6 |Silver,
Copper, cw” | 630 Argentum, } """ A.g, 107.66
%u rum, j Uttt 147‘0 mlécon ............. Siv 28.0
idyminm.......... ” .0 Sodium, ,
Erbium...oo. ovns Eb” | 1690 | Natrium, } """" Na7 | 22.99
Fluorine............ I 19.1 ||Strontium. ...... . | Sy”/ 87.2
gaﬂimm ............. Ga 69.8 b;‘ulph'ur. ........... %Vi 15%88
old, " antalum.. ........ av 2.
Aurum, } """"" Au”) 1962 | clariam oo, Teri | 128.0
Hydrogen........... H 1.0 | Challium............ T | 203.6
In:ilium .............. %n"i %1313 Fllorium ............ Th” | 2315
odine -eeecveenenens ’ 26.53|| lin, ;

Iridium ool Iriv | 1967 %tannum. """ in" 11;3
ron, ; itanium .| Tiiv .
Ferram, | " Fevi | 55.9 Tungsten, } Wvi | 184.0
Lan(tihanum ........ La” | 139.0 }yullram, """ o 940'0
ead, . ) ranium............ vi | 240,
Plambum, } ...... Pbiv | 206.4 Vanadium,.o...... Vv 51.2
Lithium............ Li’ 701 Yttrium....... ..... Y” 93.0
Magnesium.........; Mg” | 23.94 Zinc.......ccoeeeeeee Zn” | 649
. Manganese ........ Mnvi| 54.8 [Zirconiuni......... Ziv | 90.0

Molybdenum...... Movi| 956
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Atoms.—An atom is understood to be the smallest
particle of an element capable of taking part in a chemi-
cal reaction, We have no means of judging of the size
of atoms. We simply assume that such Dodies exist and
consider that each perceptible part of an element is made
up of an innumerable number of atoms. Copper is sup-
posed to be made up of atoms which have properties
that distinguish the mass of copper from any other
form of primary matter. This is true of gold, silver,
oxygen, and the entire list of elementary bodies. We
thus accept the old, old theory, that all matter is made up
of atoms. We may to-day accept for the definition of the
atoms, and perhaps not improve upon it, that made by
Demokritos, 460 B. C., viz: “The atoms are invisible
by reason of their smallness; indivisible by reason of
their solidity ; impenetrable and unalterable.”

Atomic Weight.—In all works npon chemistry at
the present day, we find after each element a number
which expresses the atomic weight of that element, and
which might be mistaken by the student for the actual
weight of the atom of the element. The atomic weight
of an element is accepted by chemists as the weight of an
atom of that element, compared with an atom ot hydro-
gen, but we have no means of determining the absolute
weight of an atom of hydrogen, and we thercfore do not
know the actual weight of an atom of any element. As

Antimony......coceeeee. reveererieerasanes eearresirnetrtarareeenas 122.
Uranium.. ... 240,
Copper....cecveeverees e e ee bttt snasaens 63

The above indicates that an atom of antimony is 122
times as heavy as an atom of hydrogen. An atom of
nranium is 240, and an atom of copper 63 times as heavy
as an atom of hydrogen. Hydrogen is the lightest known
body, the atom of hydrogen is accepted as unity (1). We
may then define atomic weight, as the weight of the atom
of any element, compared with an atom of hydrogen.

Combinations of Atoms (Molecules).—The atoms
of elementary bodies are not believed to be in a free state.
We consider that a bond (chemism) unites a certain num-

.
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ber of atoms and this combination of the atoms of an ele-
ment is called the elementary molecule. This molecule,
then, is a combination of atoms which are alike.t The
elementary molecule is supposed to be the smallest particle
of an element that can exist in a free state.

Breaking up of the Molecule.—The atoms of an
element are the indivisible constituents of its molecules,
We have said that atoms do nat (according to our present
view) exist in a free state, excepting the few which are
said to play the part of molecules. (See note below.)
The breaking up, then, of the molecule of the element tends
to mask the properties of the element. Example: The
molecule of cﬁllorine consists of two atoms of a kind, and
the molecule of hydrogen also consists of two atoms thus:

HH represents the hydrogen molecule.
Cicl “ * chlorine "

The above combination of atoms are elementary mole-
cules, because they are formed in the one case by atoms
of hydrogen, and in the other case by atoms of chlorine.
Let ns bring any even number of these molecules together
in the sunlight and the positions of the atoms will be
altered. An atom of chlorine unites with an atom of
hydrogen, the result being two molecules in which the
atoms are unlike, HCl. and HCI. Each of these molecules
is a compound molecule, and the properties of the original
bodies will have disappeared.}

Compound Molecules, may be then defined as the
smallest particle of a compound, and all compounds are
composed of atoms that are unlike. We have, for ex-
ample :

tAccording to rather recent investigations the molecule of mercury
and of nitrogen, each consists of one atom. Accepting this view we
may say that the elementary molecule is the snallest particle of an
element that can exist in a frce state and perform the part of the
element. This particle consists of one or more atoms, united in the
lutter cuse, Ly chemism,

1 Some speak of compounds containing elements. Elements enter
into compounds and may be again obtuined from the compound. The
element,however, loses its individuality when it pusses into combi-
nation with another.
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Chloride ¢f Sodinm.....cceeereeiuininnnnnnns vevereeeneesee NaCl,
Chloride of Potassium... coceuveenren

1.
Chloride of Hydrogen.... ...Hgl.
and each molecule contains an atom of two different ele-
ments. We thus pass from the study of the primary form
of matter to the study of:

Compound Matter.—The smallest particle of com-
pound matter is a molecule. There can be no atom of any
compound, for all compounds contain two or more kinds
of primary matter, and therefore, the smallest conceivable
portion of a compound must contain at least two atoms.
As an example, we refer to bromide of potassium. Into
any given amount of this compound the element bromine
and the clement potassium must enter. If we imagine
that awe have one hundred molecules of bromide of

otassium, cach molecule must contain one atom of

romine and onc atom of potassium. We can separate
the piece of potassium bromide into two parts, but each
part will consist of molecules. We may theoretically sub-
divide the fragmentsinto the one hundred molecules, and
each molecule will have the properties of the original
article, and further division would result in the produc-
tion of atoms of bromine and atoms of potassium.

Primary Matter and Compound Matter Deflned.

ersecscccsceccee

Primary Matter,
Atoms of oue kind of pri-
mary matter unite to form

elementary molecules.

Primary matter_consists of
atoms that are alike, united
by chemism,

The smallest portion of pri-
ma:y watter is the atom,

Compound Matter.

Atoms of different kinds of
primary matter unite to form
compound molecules.

Compound matter consists of
atoms of two or more kinds of
primary matter, united by
chemism.

The smallest portion of com-
pound matter is the molecule.

Chemism.—There is an intimate connection between
chemism, heat, electricity, and other forces, which is thor-
oughly discussed in works on physics. Chemism is a name
which is given to the force which we believe produces
the changes in the position of atoms. Chemical attrac-
tion, chemical affinity, and chemieal force, are terms em-
ployed by chemists, denoting the same object, and all re-
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fer to this force. Chemism is known by its effects. The
constitutional transformation which is constantly taking
place in matter, we credit to the action of this force. All
forms of matter are subservient to it. The changes which
it produces are infinite in number. Our very bodies
grow and waste in obedience to this power, and yet the
real force which we denominate chemism is unknown.

Effects of Chemism.—Chemnical force destroys the
distinctive properties of bodies, producing new substances.
When elements unite, the resulting compound is different
from either of the elements. For example, oxygen and
hydrogen gases unite to form the ]iqui({, water. If we
heat sulphur and iron together, an entirely different sub-
stance results. In neither of the foregoing cases could
we judge of the properties of the compound by the char-
acter of the elements which enter into it.

The antithesis of combination is decomposition; both
depeud upon the action of chemical force. Thus it is that
from substances which are decomposed, bodies entirely
different from the orviginal may arise. Place, for exam-
ple, a piece of sugar in a speon, and hold it in the flame
of an alcoliol lamp. The sugar is decomposed, and the
result will be a number of substances, none of which re- .
semble sugar in the least. When a candle burns the tallow
changes by combination with oxygen into (mostly) water
and carbon dioxide, both of which are colorless, and
differ from tallow and the oxygen of air in every way.
Let it be remembered then that the result of chemical
action, is altering of the properties of the substances con-
cerned, with production of new bodies which have char-
acters entirely distinct from those of the original.f

Mechanical Mixtures and Chemical Com-
pounds.—When bodies are simply mixed, the properties
of the component parts remain unimpaired. If for ex-
ample we mix sand with peas, thereis no alteration of the
property of cither substance. Each particle of sand re-

t It seems that elements which resemble each other may form
bodies of somewhat similar character. Especially is this apparent
in some alloys if we nccept them to be distinet combinations, .
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mains intact and may be separated from the mixture in
full possession of the original characteristics. If we mix
powdered iron with powdered sulphnr, the mixture will
consist of particles of iron and particles of sulphur. The
iron may be separated in its purity by meansof a magnet,
or the sulphur may be dissolved from the mixture with
carbon disnlphide. The foregoing are mechanical mix-
tures, and by the term we understand that bodies are
simply in contact, with full possession of their natural
properties. We take now the mixture of iron and sulphur,
place it in a crucible and apply heat to it. Chemical ac-
tion ensues and the particles of iron and of sulphur disap-
pear. Neither the magnet nor carbon disulphide can
extract or detect either of the original elements. In their
stead we have the compound sulphide of iron. Thus we
define and distinguish between substances which are
simply mixed, and substances which are combined by
chemism,

Equivalent Amounts.—The fact that elements unite
to form compounds has been heretofore mentioned in
genceral terms. The student might suppose that such
combinations may result between any amount of the dif-
ferent elements. This is not the case. Combination en-
sues between definite quantities of the constituent elements.
This fact has been long recognized, and thus the term
equivalent amounts or proportions came to be used by
chemists. The expression referred to the weight of one
element of a compound as compared with the weight of
another. Thus, it is found that 35.37 parts by weight of
chlorine gas unites exactly with one part of hydrogen gas
to form hydrogen chloride (hydrochloric acid). Therefore,
the equivalent amount by weight of chlorine necessary to
form hydrochloric acid by combination with one part of
hydrogen gas is represented by the number 35.37. Again,
it is found that 35.37 parts of chlovine by weight unite
with 39.04 parts by weight of potassium. The equivalent
amount, then, of potassium necessary to combine with
35.37 parts ot chlorine is 39.04 parts.  As an example of
the practical application of the term equivalent we will
say that the equivalent of iodine is 126.53, and the equiva-

-
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lent of potassium is 39.04. Therefore, in making iodide
of potassium, 126.53 ounces (or parts) of iodine must be
employed for 39.04 ounces (or parts) of potassium. The
foregoing is sometimes called the law of constant propor-
tions.

Atomic Theory.f—This is based upon the theory of
the atomic constitution of matter. According to this
hypothesis chemical combination eusues between two or
more atoms. One atom of hydrogen will unite with an
atom of chlorine to form a molecule of hydrogen chloride.
One atom of bromine will unite with one atom of potas-
sium, the result being one molecule of bromide of potas-
sium. The atoms of many elements unite in ditferent
proportions, thus: Oune atom of oxygen and two atoms
of hydrogen unite to form a molecule of water. Two
atoms of oxygen and two atoms of hydrogen unite to
form a molecule of hydrogen peroxide.

Again: One atom of oxygen will unite with one atom
of carbon to form one molecule of carbon monoxide. Two
atoms of oxygen will unite with one atom of carbon to
form one molecule of carbon dioxide, ete. According to
the atomic theory all compounds, however complex they
may be, are combinations of a definite number of atoms.

Molecular Weight.—The molecular weight of abody
is the sum of the weight of all the atoms in the molecule.
This we must accept when we acknowledge the correct-
ness of our definition regarding the unalterable property
of the atom and the indestructibility of matter. If 39.04
ounces of potassium are made to combine with 126.53
ounces of iodine, the resulting compound will weigh the

1 Some speak of “tho noaw Chemistry.” The student should ever
bear in mind that tho nct of chemical combination is to-day as it has
been gince man commenced the study of chemistry, and as we be-
lieve it always will 'e. Oxygen and hydrogen unite toform water in
the munner they did when Lavoisier experimented upon the problem
of the transformation of water into earth. There is no change in
chemienl facts. The term new chemistry simply refers to our theories.
John Dalton resuscitated the atomic thcory of the ancient Greek
Philosophers and adupted the atom to his observations regarding
chemical changes. This was the foundation for the work we now

, 1

uceopt as the “ New Chemistry.
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sum of the two, viz: 165.57 ounces.” If we imagine that
the number 39.04 represents the weight of one atom of
potassium, and that the number 126.53 represents the
weight of onc atom of iodine, the weight of one mole-
cule of ijodide of potassium must be 165.57.  The
molecular weight ofp a compound represents the combined
weights of all the atoms which enter into one molecule of that
compound. Thus, a molecule of chlorate of potassinm
will contain :

Potassium, one atom............ crersessneane ereeernnenns . 39.04
Chlorine, one atom...ccccce.veveeees . .. 35.37
Oxygen, three atoms, 15.96x3....... rereeeeeenenaeeaenes 47.88

12229

The molecular weight of chlorate of potassium, then, is
122.29, since this rcpresents the combined weight of the
five atoms which enter into its composition.

Combination by Volume.—We can not estimate the
number of atoms in a given amount of any substance.
The atom is a consideration beyond our senses as regards
size and actual weight. In 1811 Avogadro, an Italian
physicist advanced the hypothesis, that equal volumes of
any form of malter in the state of vapor, contain the same
number of molecules + (temperature and pressure equal).

While we can not estimate the number of atoms or of
molecules in a given bulk of hydrogen gas, we can
compare the weight of equal portions of different gases
under like conditions, temperature, pressure, ete., with
hydrogen. If we accept the hypothesis of Avogadro, we
must accept that there should be the same relation between
the molecular weights of the elements, that there is be-
tween the weights of different volumes of the elements
while they arc in the state of vapor. This is true, for
accepting the weight of a given volume of hydrogen gas
as 1, we find the weight of the same bulk of

t Avogadro made use of the term molecule, but in his day the
distinction now drawn between the molecule and the atom was un-
known. At that time the term atom and melecule were used indis-
criminately to express theoretically the smallest particle of either
simple or compound matter.
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Nitrogentc be..ceeecrrreeeannnns cerreeene veerrrecennresisanse. 14,01
Oxygen to be.covvevrveriinenrennncenineens ceeneerensensee.15.96
Bromine to be..ccoenenn eeetrencsuernnernseraressrsansanns 19.75

and so on with the other gaseous elements. This corres-
pouds exactly with the atomic weights of our table. It
has been ascertained that whenever gases unite to form
one substance the resulting compound in the form of gas
or vapor measures two volumes. Thus:

One volume of chlorine and one volume of hydrogen form two
volumes ot hydrochloric acid.

One volume of oxygen and two volumes of hydrogen form two
volumes of vapnr of water. _

One volume of nitrogen and three volumes of hydrogen form
two volumes of ammonia.

Thus it is a rule that whatever the volume of the gases
before combination the result is always two volumes.

Symbols.—Chemists employ either the first letter of
the name of an element, or the first letter and another
letter of the same word, as an abbreviation for theatom of
the particular element. This is for convenience in writ-
ing and to facilitate the study of chemistry. Instead of
writing the entire word carbon, the first letter, C, is used
to denote that element, and whenever the student finds
the letter C in a formula, he should understand that
carbon is intended. The names of many elements com-
mence with the same letter, thus: cadmium, ceesium, cal-
cium, carbon, chlorine, cerium, chromium, cobalt, copper.
To abbreviate these (excepting carbon) the first letter is
- associated with another letter of each word, and usually
the Latin name is chosen, thus:

Cadmium «eveveenenennees Cd. Ceriumueeeecceeeeeeess ....Ce.
Caesium..cevrererennrenenns Cs.  Chromium....ceceuveennn, Cr.
Calciumeeeeerennsns reernand Ca. Cobalteeeeeieereunneennnnn, Co.
Carbon..c.vcevereeiiiieennnnn, C.  Copper...ceceervrueenerenns Cu.
ChloTine. eevereneenneenenn. ClL

Of the above it will be noticed that the u of the sym-
bol for copper is not present in the common name. The
symbol Cu is derived from cuprum, which is the Latin
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name for copper, and which does not agree with the
English.t

Our table of the elements on page 27, gives, in the sec-
ound column, the symbols of all the elements, and it will be
noticed that there are several exceptions of that nature, as,

gnlgmxny, Sb.ceees o ceeseeennieranineans see ....frq}n it[bium.

0. | ) PR teesecsiescctanee esteccsccecccans vee urum.
:Merc’ury‘ = ““ Hgl;dﬂ;)rgyrum.
Siel:(c];' PAb ...... T ig?ntzrrrnz.
Sver. - §a ..................... i Natg‘ium.‘
Potassium, K.............. crerenrrieerasenaens . " Kalium.

We understand, furthermore, that each symbol repre-
sents one atom, therefore it is only necessary to see the
symbol to recognize the element and the amount of the
element. If we wish to indicate two atoms of potassium,
we write a small figure 2after the symbol, thus, K,, three
atoms wonld be expressed by K, four atoms, by K; ete.
This is true of all the elements, for example:

One atom Of OXYZEN..eererevrereerserrarensecenssnvenmraannesOh
Two atoms of . chlorine......c.euuuues crnereennaee eneans «Cl.
Three atoms of bismuth............. cerenieens B, Bis.
Four atoms of carbon. .eeeceveeee covereernrnneereereneeceened C.
Some chemists prefer to place the figure at the upper right
hand side of the symbol, or even, occasionally (when the
symbol is alone in an equation) to place a large figure in
front of the symbol, thus, C?, or 2C, and these, in reality,
amount to the same. In all cases a single atom is indi-
cated by the symbol, and this is multiplied in accordance
with the figure. The figure after the symbol refers only
to that one symbol, and when several symbols are in a
line the number of atoms of each separate element is
represented. Thus, H,80, indicates, two atoms of hy-
drogen, one atom of sulphur and four atoms of oxygen.

tWe give the Lalin names the preference in our table, making
the English name secondary. This, we believe, will be acceptable to
the majority of students. The author is of the opinion that the Latin
names should be the names of our pharmacopeia, and indications
point to the attainment of this object at some future day.

1pi,

Ii
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Chemical Formule.—A chemical formula repre-
rents the composition of a molecule, and is an association
of the symbols of the elements which enter into the
molecule. Thus, HCl impresses upon us the fact that
one atom of hydrogen is united by chemism with one
atom of chlorine, to form a molecule of hydrogen chlo-
ride (hydrochloric acid). H,O is the formula for one
molecule of water, and we see that in it two atoms of
hydrogen are combined with one atom of oxygen.
H,S0, represents the composition of a molecule of sul-
phuric acid. :

If we desire to represent more than one molecule,
either a large figure is placed in front of the formula, or
the formula is enclosed in parenthesis and a small figure
placed after, thus: :
2H,80, or (H,S0,),
represents two molecules of sulphuric acid. In such
cases the small figure after the parenthesis which incloses
the formula, or the large figure in front of the formula,
multiplies the entire formula or the atoms of each ele-
ment in the formula. Examples:

(BaO,H,), or 4BaO,H,
(KOI), or 3BKOH.
(H,0);, , or 10H,0.
Occasionally only a part of a formula is enclosed in the
parenthesis. This multiplies the atoms which are repre-
resented by the enclosed symbols according to the fore-
going rule, thus:
Ba(OH), is the same as BaO,H, or Ba20H.
Ca(OH); is the same as CaO,H, or Ca20H.
If we enclose a formula, part of which is in a parenthe-
sis, in another parenthesis, part of the formula is multi-
plied in accordance with the figure after the outer paren-
thesis, and the part enclosed in the two parentheses is
maltiplied by the figures which follow both parentheses.
Thus, (Ba(OH),), represents two molecules of barium
hydroxide : Barium, 2 atoms; oxygen, 4 atoms; hydro-
gen, 4 atoms. It iz preferable, in expressing such for-
mulee, to place a large figure in front, as:
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2Ba(OH), instead of (Ba(OH),),.
2Ca(OH), instead of (Cu(OR),),.

We understand, then, by the formula of a molecule,
that the number of atoms of the different elements, as
expressed by the symbols, enter into the composition of
that molecule.}

Empirical Formules simply show us the elements
which are in combination, with the amount of each. This
will answer in many instances, but in actual work it is
advisable that the formule of many molecules should im-
part an idea of certain characteristics of the molecule In
making salts from organic acids, for example, it is best
to show the number of atoms of basylous hydrogen.
This is done by separating the hydrogen of the entire
molecule, so that the number of atoms of basic hydrogen
are separated from the hydrogen which is a part of the
acidulous radical. When molecules are represented in
this manner, instead of the term empirical formula, the
term—

Primary Rational Formula is employed. .As an
example of - the difference between the two modes of ex-
pression, we cite the following as illustrations:

Empirical Primary Rational
Formula. Formula.

Tartaric acid........ H;C, Oq............ H,C,H,O,
Citric acid ..... «... HgC(Oyq uuveeevee.. . B,C,H, O,
Mulic acid......ceoeee HgC O evnnrvenene . H,C , H, O

In all cases the number of atoms in the empirical for-
mule and the primary rational formule is the same.
Graphic Formules are intended to represent the ac-
tual position each atom occupies in the molecule. Mole-
cules are understood to have length, breadth and thick-
ness. The graphic formulee must always be expressed

t Tt must be remembered that the individunlity of the elements
disuppenrs when compounds are formed. The formulu of a mole-
cule expresses the fact that definite amounts of certain elements
entered into the molecule, and that by the destruction of this mole.
cule the identical amounts of the same elements may be again ob-
tained.
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upon a plain surface, therefore graphic formulee must be
taken with this consideration. Asan example of a graphic
formula we give that of acetic acid.
Empirical formpla of acetic acid, C,H,0,.
Primary rational formula of acctie acid, HC,H;0,.
Graphic formula of acetic acid,
O
I
H—-C—-C—0—H

il

Graphic formule are not used in this work.

Equations.—The equation is an arrangement of sym-
bols to express any given chemical reaction. Equations
are real chemical problems in which the sigus 4, —, and
=, are employed exactly as they are in mathematics. If
we wish to express the formation of iodide of potassium
we write—

K,+I,=2KL

Thus we see that one molecule (two atoms) of potassinm
unites with one molecule (two atoms) of iodine to form
two molecules of jodide of potassium. The equation,
H,;+Cl,= 2HCI, represents that when we add two
atoms (one molecule) of hydrogen gas to two atoms (one
molecule) of chlorine gas, after they combine two mole-
cules of hydrogen chloride (hydrochloric acid) will ex-
ist. Sometimes equations are very complex, but all
are formed upon the principle of those we have given.

The chemical equation is simply a symbolical expres-
sion to show the composition of bodies and the results
which follow their decomposition.t In every equation

T Decomposition does not necessarily portend the separation of a
compound into its elements. Thus, sulphuric acid is decomposed
when wo separate the characteristic acid radical (SO,) from the hy-
drogen, which in this case acts as a base.

Double decomposition is a term often employed by chemists, and it
denotes the re-arrangement of the atoms of two compounds, with
the formation of other compounds. Thus when we mix solution of
sodium carbonate with solution of calcium chloride, both salts are
decomposed, and in their turn two new salts result (sodium chloride
and calcium carbonate). Double decomposition often results in the
formation of an insoluble substance, or one of diflicult solubility in
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there are always as many atoms after the sign of equality
as there are before it. In the present work this should
be the case in all instances, if the equation is correctly
stated. Exawmples :—

Na, + CI, = 2NaCl

Sodium. Chlorine. Sodium Chioride.

4HCl + Zn, = 2ZnCl, 4 2H,. -

Hydrochloric Zinc. Zing Hydrogen
acid. chloride.
H,C,H,0,+2KOH=K,C,H,0,+2H,0.
‘Lartaric Potassium Potassium Water.
acid hydroxide turtrate.

The parenthesis is used with equations in the same
manner as with formule. Thus, (Zn+ 2HCI), is the same
as 2(Zn+2HCI), and in both instances all the atoms en-
closed are multiplied by 2. '

Quantivalence, or Valence, is the property of an
atom’ or power to hold in combination one or more atoms
of other elements. Experiments show that all atoms do
not possess the same combining power. An atom of
hydrogen will combine with or take the place of an atom
of chlorine, but it requires two atoms of chlorine for one
atom of zine. Hydrogen is taken as unity in this case,
as heretofore, and is the standard.

If one atom combines with, or takes the place of

One atom of hydrogen, it is univalent.

Two atoms of hydrogen, it is bivalent.
Three atoms of hydrogen, it is trivalent.
Four atoms of hydrogen, it is gradrivalent.
Five atoms of hydrogen, it is quinguivalent.
Six atoms of hydrogen, it is sexivalent.

It is customary to speak of the element as a—

Monad element, if univalent.
Dyad element, if bivalent.
Triad element, if trivalent.
Tetrad_ element, if quadrivalent.
Pentad element, if quinquivalent.
Hexad element, if sexivalent.

the solution employed. The formation of salts from acids and alka-
lies, or ncids and hydroxides, may be considered as examples of dou-
‘ble decompoxition ; thus:—
H,SO, + 2KOH = K,S0, 4 2H,0.
Sulphuric Potassium Potassium Water.
acid. hydroxide., sulphata.
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The quantivalence of an atom is noted in a chemical
formula or an equation, by placing a dash at the upper
right hand corner of the symbol, or by Roman numerals.t
Oue dash represents a monad, two dashes a dyad, etc, as
follows : —

Potassium i3 a monad,..cceeeevenneae RNOTIp . 41
Calcium is a dyad,....... eveseneeseannne crereereneaneeernens. 087,
Boron i8 8 trind,..cocceveneereerrereeeeniiriiinsraeereneeenns B,
Platinum is a tetrad,....ccoeeeeenrnne o teeeresenesssseses oo PHY,
Niobium is a pentad, «.coeeevrrreaceniennnnans erenaeeeres Nbr.
Molybdenum is a8 hexad,....cccomerees veeniinnnnnnnne. Movi,

It has been found that one atom of any monad ele-
ment has the power to replace one atom of any other
monad element in combination. Thus, one atom of po-
tassium will displace one atom of'hydrogen from the mo-
lecule of hydrochloric acid (HCI). One bivalent atom
will generally displace two univalent atoms from com-
poungs, or it will combine with two univalent atoms ; for
example :—

Ca”+2H'Cl'=Ca”Cl',4+-H',.

One bivalent atom will generally displace or combine
with one atom of any other dyad element, and so on.

In accordance with the foregoing, we find that—

Two univalent g’) atoms saturate one bivalent () atom.

Two bivalent (””) atoms saturate one quadrivalent é") atom.
One trivalent { ’; atom saturates three univalent (“) atoms,
Two trivalent (") atoms saturate three bivalent (”’) atoms.
One quadrivalent s{V atom saturates four univalent (*) atoms.
One quadrivalent (i") atom saturates two bivalent (””) atoms.
One quinquivalent (V) atom saturates five univalent () atoms.
One sexivalent (¥') atom saturates six univalent (") atoms.
One sexivalent (¥)) atom saturates three bivalent (") atoms.
One sexivalent (*f) atom saturates two trivalent (") atoms.

Variation of Quantivalence.—The atoms of some
elements have several combining powers. We can not
offer an explanation of this fact. Sometimes the atom of

1 The full quantivalence of each element, as we understand
the matter at present, is given with each symbhol of our table of
elements (page 27). Atoms whose equivalence is odd are ealled

rissads ; atoms whose equivalence is even are called artiuds.

hus, hydrogen. H’, gold, Au”’, and nitrogen, Nv are peris-
sads; barium,4Ba” , lead, Pbiv, and nickel, Nivi, are artiads.
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nitrogen is univalent, N’ ; again it is trivalent, N"”’; and
in other cases it has quinquivalent properties, NV, This
ariation of valency always increases or diminishes by
two, thus :— :
Manganese......
Phosphorus....
Arsenic.........

Nitrogem e meeeeeeeenaneruestn cereeerennsnieneeenn N7, N”’, Nrv.

The student must be careful to distinguish between
the marks which denote the quantivalence of an atom,
and the Arabic numerals which designate the number of
atoms in the molecule.

Analysis and Synthesis.—When two or more ele-
ments unite, they do so in exact and definite atomie pro-
portions, and tlre properties of the original substances
disappear. In their stead a new substance is found. The
combination of elementary atoms to form compound mol-
ecules is synthesis. When compound molecules decom-
pose, we have an analytical operation. Examples:—

1. Place a fragment of iodine in halfa fluid ounce of
warm distilled water, and add to the mixture a few iron
filings. The iodine will disappear in a short time, and a
colorless solution of iodide of iron (ferrous iodide) will be
formed. This is a synthetical operation.

2. Place a small piece of bright copper in a solution of
corrosive sublimate ; the copper becomes coated at once
with mercury and appears like silver. This is an analyt-
teal reaction for the corrosive sublimate is decomposed and
mereury is determined.

We desire to call attention to the fact that the second
example may also be classed with synthetical operations,
for chloride of copper is formed as the mercurie chloride
is decomposed. In actual work it is impossible to sepa-
rate the two branches (analysis and synthesis). Chemists
who prepare chemical compounds for commerce constantly
decompose other compounds, and analytical chemists are
continually forming new combinatious,

Radical (root) chemical compounds are generally spo-
ken of as though containing two parts, and each of these
parts is known as a radical. This answers very well as

..Mv”, Maiv, Mnvi,
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an aid to the study of chemistry, although such an ar-
rangement may be only apparent. When one of the
parts’is an element, it is known as a simple radical. 'When
a group of atoms takes the part of a single atom, we call
the cluster a compound radical. Liebig defines the rad-
ical as follows: : '

“Tt is a never-varying constituent in a series of compounds.

“Itcanbereplaced in these compounds by other simple bodies.

“In its compounds with a simple body this latter may be easily

ier&a_ratﬁd or replaced by equivalent quantities of other simple
odies. :

Basylous Radicals.—These are usually metals, al-
though hydrogen (see acids) and certain compounds of
non-metallicelements act as such. To these the acidulous
radicals attach themselves and the result is known as a
salt. Examples of basylous radicals:—

Hydrogen. .ooeuvieevvenns evennienennienneneeioeeeeen Ho

OLISSTUNL tvueeriienee conennen: canncnses cosnsnonnenenn Ko

SOUTUML. . iceiiver ceveeee cveer o veeeenenrnees T Na.
AmMmonitl..eeeeuee . Ceeeretiesnecrenietae: hesenas NH,.
CalCinmuieres cee seonen cvorer cvnveee vavneneen -on Catl
Magnesium.., coeceeeeveeneninens eveeane e+ e Mg,

Acidulous Radicals are usually non-metallic ele-
ments or combinations of non-metallic elements, although
certain metallic oxides act as acids in presence of strong
bases. Examples of acidulous radicals:—

Chlorine........... ...... Crreereaeeens ererneenns CL
Nitric acid radical vooeie veeis viniinnennnnn. NO,.
Acetic acid radical...... ... el Crenees C,H,0,.

‘When acidulous radicals unite to saturation with basylous
radicals, the properties of each disappear and a salt re-
mains. Some bodies, as for example hydrogen, act as
basylous radicals, and a part of compound acidulous rad-
jcals. In such cases it performs entirely different func-
tions. Thus in H,SO, it acts as a basylous radical, to
which the acidulous radical (SO,) is attached. In acetate
of potassium (KC,H,0,) hydrogen is a part of the acid-
ulous radical, and in acetic acid (HC,H;0,), hydrogen
is the basylous radical, and a part of the acidulous radical.
The combinations of atoms known as radicals, have a
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The ordinary “acid cakes,” a product of the manufac-
ture of nitric acid from potassium or from sodium nitrate,

are acid salts (KHSO, and NaHSO,).

Haloid Salts. —Euach of the huloid group (fluorine,
ehlorine, bromine and iodine,) of non-metallic elements
will combine with hydrogen to form acids, thus :—

Hydrofluoric acid ....... e ceviieeeneeenan.. HF.
Hydrochlorie acid...cooee voeeiiiiniiiannneieneee. . HCL
Hydrobromic acid...... T B - 1\A

Hydriodic acid..ccoeeenviienciine ceneceeenrennns wonn HL

When the hydrogen is displaced by a basylous radical,
salts result, free from oxygen, and of which common salt
(NaCl) is typical. This class of salts is sometimes dis-
tinguished as the haloid salts.  Some authorities designate
all of the salts which are free from oxygen as haoloid salts,
thus including such salts as potassium cyanide (KCN) and
calcium sulphide (CaS). The term was originally devived
from sen salt. The meaning (a likeness to sea salt) is’
rather favorable to the compmmds of, or with, the chlo-
rine group of elements. There is little use for the term
at the present day.

Oxysalts or oryacid salts, are terms once used, but
now, deservedly, almost obsolete. Besides the haloid salts
at one time a class of salts was recognized as being com-
posed of an oxide of a metal and an acid. Thus:—

Sulphate of potassium was called the sulphate of pctash.

Sulphate of magnesium was called sulphate of magnesia.

Ferrous sulphate was called the sulphate of protoxide of
iron, or protosulphate of iron, etec. At this day there is
no necessity for such a division. All of the metallic salts
are considered as direct devivatives from the metals. The
terms haloid salts and oxysalts should be dispensed with.

Compound Salts or double salts, are such as coutain
an acidulous radical in combination with two or more ba-
sylous radicals. We may also define double salts as those
in which the basylous hydrogen of an acid is displaced
by two or more basylous radicals (usually metals).
Thus, KXNaSO, is sulphate of sodium and potassium ;
K\I'\C4H O, is tartrate of sodium and potassium, the or-
dinary “ Rochelle salt. ”
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Ato and Ite are terminations applied to salts which are
made from acids which terminate respectively in ic and
ous. Thus: Sulphuric acid forms sulphates ; nitric acid
forms nitrates ; sulphurous acid forms sulphites ; nitrous
acid forms nitrites.

There are exceptions to this rule, as for example :—

Hydrochloric acid gives rise to cklorides ; hydrobromic
acid give rise to bromides. The names of salts from these
acids follow the rule that two elements united give rise
to a salt terminating in the syllable ide. Thus:—

HCl 4+ KOH = KCl + H,0.

Hydrochloric Potassium Potissium Water.
acid, hydroxide. chloride.

HBr + KOH = KBr + H,0.

Hydrobromic Potassinm  Potissium Water.
acid. hydroxide. bromide

It will be noticed that the bromide of potassium (KBr)
and the chloride of potassinm (KCI) are composed each
of only two elements, although produced from acids which
terminate in the syllable zc.

Ic and Ous are terminations which are applied to
acids derived from the same element and containing sev-
erally more (ic) or less (ous) oxygen. Thus:—

Sulphuric acid....cccevereniirennnecenveinivnnn o H,80,

Sulphurous acid.....cceceeueiveervviiiriennnnnnn . 1,80,
Niwric acid....coovuevunenens cerrerneeens seeeenne. HNO,
Nitrous acid.........couv.nen. T ¢ S 16

At the present day the terminations iz and ous are used
in a somewhat simiJar manner to distinguish classes of
higher or lower oxides or salts, which are derived from a
single metal. The class ending with ic contains more
oxygen than the class ending in ous. Thus:—

Mercuric oxide (higler oxide) ...cuvvueernn ... HgO.
Mercurous oxide (lower oxide).,veiuneenee.. He, O,
Ferric oxide (higher oxide).. ...... eereene Fe,0,.
Ferrous oxide (lower oxide).evenennene.n. eer. FeO.

In like manuner the class of salts which corresponds with
the higher oxide terminates in ic, and the eclass of sults
which corresponds with the lower oxide terminates in ous.

Thus:
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Mercuric chloride (HgCl,,) contains more chlorine than
mercurous chloride (Hg,Cl,). Ferric chloride (Fe,Cl;)
coutains more chlorine than ferrous chloride (FeCl,).

Owing to the changes which have followed the study of
chemistry, and to the many names which have from time
to time been applied to compounds and to classes of com-
pouuds, a certain amount of confusion exists at the pres-
ent day when we refer to the works of various writers.

Ide.—This termination indicates usually the combina-
tion of two elemeuts, but occasionally denotes an element
united to a radical such as cyanogen. Thus:—

Bromine and potassium form bromide -of potassium.
Todine and iron form iodide of iron. Bromine and ammo-
nium (NH,) form bromide of ammonium. Cyanogen (CN)
and potassium form cyanide of potassium.

The syllable uret was at one time used in place of the
syllable ide, and occasionally is met with eveu now. As
examples we name—sulphuret of potassium, now known
as sulphide of potassium. Cyanuret of potassium, now
known as cyanide of potassium.

Base.—“ We may define a base as a metallic oxide or
kydrate capable of saturating acids.” (Tilden.) The term
base originally referred to the metallic oxide which was
supposed to unite with the acid to form the oxysalt.
The alkaloids are often called bases, but they differ from
metallic oxides in their manner of forming salts with
acids. They do not give rise to water as a product of the
reaction. )

Alkalies.—The name alkali, from al (the) and koli
(a plant), was first applied to soda. At present, the
hydroxides of all the potassium group of metals are
called alkalies, and ammonia in addition thereto. Alka-
lies have the power of turning reddened litmus to blue,
of neutralizing acids, and as a rule they are caustic in
their action upon animal membranes. Ammonia is some-
times known as the volatile alkali, in contradistinction to
caustic potash, soda, etc., which do not volatilize, and are
called fized alkalies.



CHEMICAL THEORY. 49

Solution.—Water is the great solvent. When we
speak of dissolving a substance, and do not name the
liquid, water is always understood. We kuow very little
about this phenomenon beyond the fact that certain sol-
ids, gases, and liquids will diffuse themselves to a fixed
degree through liquids. For example, oxygen gas, sugar
and sulphuric ether, will dissolve in water. Solution
seems to differ from chemical combination, from the fact
that the change is gradual and countinuous, and not in
definite proportions, as during chemical action. The
liquid which dissolves the other substance is called the
solvent. 'There is no known law regulating the act of
solution, excepting the law of Dalton and Henry regard-
ing pressure and the solubility of gases.t Some speak
of dissolving zine in dilute sulphuric acid, or of dissolv-
ing iron in hydrochloric acid, ete. Such expressions are
improper, as the iron and the zine do not dissolve, but -
form chemical compounds which are soluble.

Saturated Solutions.—A liquid is said to be satu-
rated when it has taken up the solid liquid or gas to the
fullest extent. The point of saturation is influenced by
temperature. Most solids (a few exceptions, such as caf-
cium citrate) dissolve to a greater extent in hot than in
cold liquids. There is no law regarding the saturation
of liguids. A liquid may dissolve one substance freely,
and refuse to dissolve another of very similar chemical
composition.  Consequently the solubility of bodies in
various liquids must be determined by direct experiment,
The term saturate has a similar meaning when it is ap-
plied to the combination of an acid radical with a basy-
lons radical or with an element. The term neutralizeis used
with the same meaning, and it is customary to speak of
saturating ¢neutralizing) an acid with an alkali.

When we endeavor to more than saturate the bonds of

T % The weight of a ¢as dissolved by a liquid is directly propor.
tionate to the pressure.” (Law of Dalton and Henry.) Gases are
more soluble in cold than in hot liquids (hydrogen excepted), and
it is necessary to bear in mind that this is the reverse of the effect
of heat upon the solution of most solids. :

b
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affinity, one substance is in excess, and remains un-
changed. In this work the term “ slightly in excess” will
often be used. Iu such cases there is to be of one article
a larger amount than is necessary to saturate the substance
to which it is added. Thus: “Add diluted sulphuric
acid to ammonia water until the acid is in slight excess,”
conveys the idea that the ammonia must be saturated
with the acid, and the liquid afterward be of an acid re-
action, from the effect of the free acid which is present.

Effervesce.—If a piece of marble or chalk, or a crys-
tal of potassium bicarbonate, be covered with dilute hy-
drochloric acid, bubbles of gas (carbon dioxide) will
escape, and the mixture is said to effervesce. If a bottle
of carbonic acid water have its cork 1emoved, efferves-
cence at once takes place. :

Fluorescence.—It is accepted that this phenomenon
results from the change of highly refrangible dark rays
of the solar spectrunx into the less refrangible visible rays.
If, for example, a few grains of sulphate of quinine be
dissolved in a glass of slightly acidulated water, the solu-
tion will present a peculiar bluish cast. Some vegetable
substances present this character to a wonderful degree.
Gelseminic acid in minute proportion will render alkaline
solutions fluorescent  That product of the coul tar series
which is known as “wranine” is one of, if not the most
fluorescent of known bodies. One grain of this will
render three hundred gallons of water distinctly fluores-
cent (greenish). The color produced by fluorescent
bodies ranges from blue to green. ‘

Effloresce.—When salts part with water of crystalli-
zation they arve said to efloresce. Usnally they fall into
a dry powder under such circumstances.  If a crystal of
carbonate of sodium (Na,CO;.10H,0) be exposed to dry
air, it parts with nine molecules of water, a white pow-
der, the mono-hydrate remaining (Na,CO;H,0). Car-
bonate of sodium is thus said to be an ¢fflorescent salt.

When a substance absorbs water from the air and lique-
fies, it is deliquescent (see deliquescent, page 80).
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Isomerism.—When bodies contain the same elements,
in the same proportion by weight, they are said to be
18omeric. Thus, dextrine and starch are each C4H, ,O;.
Ammonium cyanate and urea are each CH,N,O. When
isomeric bodies have the same constituents united so as
to form molecules of different weight, the term polymeric
is employed. Examples: acetylene, C,H,, and benzine,

6 6°

Heat. {-—This is said to be the effect of molecular mo-
tion. Its general actiou is to expand simple matter, or
even to destroy the attraction of its molecules. In this
manner most simple bodies assume according to tempera-
ture a liquid or a gaseous state.

Heat is one of the most important of agents; it is

indispensable to our existence, and is employed in most
experiments in chemistry. By the proper application of
this force the chemist is enabled to decompose most forms
of compound matter, and to overcome the cohesive at-
traction of solids.
" Effects of Heat.—Solids usnally expand, liquefy, and
then change into vapor, or pass at once from the solid
to the state of vapor. Some substances, as for example
iron, have an intermediate or pasty state ; others, as lead,
pass at once from the solid to the hqmd It seems that
all forms of elementary matter might become solid if
the temperature could be cmf’ﬁcuentlv reduced, and the
pressure properly increased. Even the so- called perma-
nent gases, as hydrogen and oxygen, may thus be consid-
ered vapors of sollds, for 1'ecently both have been lique-
fied and frozen.

Latent Heat.—When a solid passes into the liquid
form, a certain amount of heat disappears. This is pop-
ularly known as latent heat,and wheu the liquid again as-

1 The doctrine of a fluid “‘caloric, or heat,” once believed, is now
discurde:l. Heat is no longer considered to be a material fluid, but
a result of molecular motion. The study of the hypothesis as at
present accepted belongs properly to works upon chemical philoso-
phy and physics. In this work we shall necessarily refer 10 hent
as though it were a tangible body, but the student is requested to
bear in mind that such is not belxeved to be the case,
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sumes the solid form, this heat becomes apparent. The
amount of heat thus consumed in bodies which change
from the solid to the liquid state varies with the element
or the compound. The absorption of heat, or we may
more properly say the heat consumed in overcoming the
attraction of cohesion of the molecules of solids, may be
illustrated by placing a thermomneter in a vessel of mixed
ice and water. If heat be applied, as long as the ice re-
mains the temperature of the mixture can not rise above
0° C. (32° F.), and this is the original temperature of the
mixture. As a rule, the change of state from solid to
liquid is accompanied by absorption of heat. Freezing
mixtures illustrate this, and a familiar example is a mix-
ture of snow and salt, when, as both solids liquefy, a
large amount of heat becomes latent.

Sources of Heat.—The great natural source of heat
is the sun. Combustion always produces heat. Chemi:
cal combination, whereby a liquid assumes the solid form,
is accompanied by the liberation of heat, as in slaking
lime, in which case the water employed combines with
the calcium monoxide. Intense chemical action results
usually in the liberation of much heat, 2ud often in com-
bustion, as for example when a drop of sulphuric acid is
placed upon a mixture of powdered sugar and powdered
potassium chlorate. It sulphuric acid and water ave
mixed, heat results from the combination.  When a body
in motion is arrested, heat is evolved, thus we say that
mass motion is changed into motion of molecules ; ex-
ample, strike a nail with a hammer, and the temperature
of the nail is at once increased.  Friction is a modifica-
tion of the above, for force is continually being arrested
by the moving substances which are in contact, and in
proportion to the amount of friction the temperature of
the surfaces rises.

Specific Heat.—In raising equal weights of different
substances through the same number of degrees of tem-
perature, different amounts of heat are required. Thus:—
It requires 32 times the amount of heat to raise the tem-
perature of one pound of water a certain number of de-
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grees, that is required to raise a pound of mercury the
same number of degrees. The “specific heat” of any
body is the quantity of heat which is required to raise a
pound of that substance one degree centigrade, water. be-
ing taken as the unit. A very simple relation has been
found to exist between the specitic heat of elcments and
their atomic weights. This has given rise to the Law of
Dulong and Petit, viz.: “ The specific heats of the solid
clemerits are inversely proportional to their atomic
weights.”  This law then permits the deduction of the
atomic weight of an elemcnt from a consideration of the
specific heat of the element, and such calculations agree
very nearly with the atomic weight as obtained by other
means, :

Measurement of Heat.—Thermometers are instru-
ments designed to take the temperature of bodies. They
are usually capillary glass tubes connected with bulbs of
mercury. When the mercury expands it rises in the
tube; when the mercury contracts, the column in the
tube falls. Wa have said that heat expands solids and
liquids, consequently the mercury of the bulb expands
and contracts, as the temperature increases and dimin-
ishes. The measurement of heat by means of the ordi-
nary thermometer is simply a register of the expansion
of a liquid, as shown by the movemeut of the liquid in
a capillary tube.

Centigrade Thermometer.—This is graduated so
that the freezing point of water is zero (0°) and the boil-
ing point 100°.  This thermometer is accepted as author-
ity by most chemists of Europe, but in this country the—

Fahrenheit Thermometer is usually employed by
manufacturers,although scientists recognize the Centigrade.
With the Fahrenheit scale the freezing point of water is
32° above zero (0°), and the boiling point of water is 212°
above zero (0°). There certainly can be no excuse for
this arbitrary scale, but such is the force of habit that it
seems impossible to make general the adoption of the
Centigrade scale in this country. Inour work we gener-
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ally give both scales; C. representing Centigrade and F.
Fuhrenheil.t

For chemical operations a cylindrical thermometer -is
used, the scale of which is enclosed in a glass tube. This
can be employed for taking the temperature of liquids.

Temperature.—The temperature, accepted by chem-
ists when none is mentioned, is 60° F. (15.5° C.) and that
degree is understood unless otherwise noted. During the
evaporation of lignids, and in other operatious, the term
“gentle heat” or “warmed,” is often employed. This
usually denotes a heat less than the boiling point of water,
from 150° F. to 200° F.  'Where the term evaporate sim-
ply is used the heat of a water-bath is to be understood.

Evaporate until a pellicle forms, signifies that the
evaporation is to be continued until a scaly substance or
a skin forms upon the surface of the liquid. This may be
illustrated by dissolving one part of bromide of potassium,
or other salt, in water, then evaporating the solution until
it is concentrated to saturation, when further evaporation
results in the formation of a skin of the salt upon the
surface of the liquid in the form of small imperfect crys-
tals. This skin is the pellicle.

Light.—At present it is supposed that this agent is
simply the undulatory movement of a medium which fills
all space and pervades all matter. This medium is called
ether, and it has been accepted as infinitely thin and
elastic. Luminous bodies are supposed to cause this ether
to vibrate, and these vibrations strike upon the eye and
produce the sense of sight upon the same principle that
waves in the air strike upon the ear and produce sound.
The student should consult works upon opties and phi-
losophy, as we can not enter into the details of the subject
in this work.

Actinic Rays.—Besides the rays upon which burning
bodies depend for their luminosity, known as luminous

tTo convert Centigrade into Fahrenheit, multiply by 9, divide the
product by 5, and add 32. To convert Fahrenheit into Centigrade,
tubtract 32, multiply by 5, and divide by 9.
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rays, and besides the heat rays, a third radiant force exists,
known as actinic rays, or chemical rays. These are invisi-
ble, aud they accompany natural and artificial light rays.
The art of photography and the changes which take place
in certain forms of matter by exposure to light, result from
their influence.

Spectrum Analysis.—All objects emit light if heated
sufficiently. If a ray of ordinary light be passed through
a prism it is refracted and dispersed, forming the colors,
violet, indigo, blue, green, yellow, orange and red. These
colors merge one into another and arve not separated by
dark intervals. If an incandescent gas be examined by
the aid of aninstrument prepared for the purpose, certain
bright lines generally appear separated by dark bands.
The position and color of these bands differ with the
element or compound. Aun observance of the variations
of this and connected facts has given rise to the means
for detecting elemeunts, known as spectrum analysis. The
lines produced by the incandescent body is the spectrum
and the instrument cmployed is the spectroscope. This
instrument is carefully described by works upon chemical
philosophy and physics, and by its use the constituents of
the sun and stars have been determined. It is one of
the most valuable and certain meauns for detecting small
amounts of elementary matter, and the study of the spec-
troscope has given us several elements that otherwise could
scarcely have been discovered.

Electricity.— When amber, glass, wax, shellac and
certain other substances are rubbed with a dry cloth each
body acquires a new property and has the power of attract-
ing light objects, such as bits of cork, feathers, etc., and is
said to be in a state of electrical excitation, or electrified.
The force, which produces the attraction is known as the
electrical force, ov as electricity.t

It has been found that there ave two states of electrical
excitability, or as some choose to say, “ two kinds of elec-

T It is customary for convenience to speak of the electrical fluid.
This is improper, for the force which gives rise to the electrical
state is unknown to man. We note the effects only of this agent.



56 CHEMISTRY OF MEDICINES.

tricity.” That excited by rubbing glass is positive (or
vitreous) ; that excited by rubbing wax, resin, etc., is
negative (or vesinous).  The sign + always denotes posi-
tive electricity ; the sign — denotes negative electricity.
Bodies negatively electrified repel each other, and bodies
positively electrified repel each other ; but bodies in op-
posite electrical states attract each other.

Conductors.—Some bodies permit the ready passage
of the electrical force; metals, water, ete., are examples,
and are called conduectors.  Others, such as glass, resins,
etc., are not capable of conducting electricity, or conduct
it imperfectly, and arve called non-conductors. Dry air is
a non-conductor, air charged with vapor is a conductor.
The ordinary electrical machine is simply a glass plate or
cylinder, which is made to revolve against an amalga-
mated cushion and a strip of silk. The electricity ex-
cited is drawn from the opposite side of the revolving
evlinder by means of brass points, and counducted to a
Leyden jar.  This form of electricity is often designated
by the name frictional electricity, in contradistinetion to—

Vgl

Fra. 27.1

t The chemical action at the surface of the zinc is thought to
supply negative electricity to the zinc, and positive electricivy to the
ac.d. In practice but one current is recognized (positive) and
when the two metals nre connected at the top the “current ' is de-
scribed as passing from the copper to the zinc at the place of con-
tact, aud from the zine to tho copper through the solution (Fig. 27).

"‘\
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Voltaic Electricity, or Galvanism.— This was
discovered by Galvani, and carefully considered by Volta,
after both of whom it has been named. If a strip of
zine and a strip of copper be placed in a beaker glass
partly filled with dilute sulphuric acid, and the two strips
be connected with wire, or be brought in contact at the
top, the zine will dissolve, and bubbles will rise from the

»—>

Fia. 28. Voltaic Battery.

copper. This chemical action is attended with the flow
of an electrical current and the production in solution of
zine sulphate. Lf a number of such vessels be connected
together by copper wire, the copper of one with the zinc
of another (fig. 28), a voltaic bultery is produced, and the
electrical effect is intensified in accordance with the num-
.ber of cells, for the current increases in strength with
each additional céll. The opposite or end wires are
known as poles, or electrodes ; the wire which connects with
the copper plate is the positive pole, while the term nega-
tive pole is applied to the wire which terminates the zinc.

There are many forms of the galvanic battery, all based
upon similar considerations, but the metals and the solu-
tions employed are variable and numerous, as arve the
forms of arrangement. A simple illustration of galvanic
electricity may be shown by placing a silver coin beneath
the tongue, and a strip of clean, bright zinc upon the
tongue. If the edges of the metals are brought together
over the tip of the tongue, a sharp metallic effect follows
(some liken it to a burning taste), which ceases as soon as
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the metals are separated. In this case the saliva of the
mouth is the exciting liquid, and the sharp sensation re-
sults from the passage of the current of electricity throngh
the tongue, which forms a part of the circuit.

Fig. 29.

Galvanism at the present day is often employed by
physicians, and many forms of the galvanic battery are
manufactured expressly for their nse. Fig. 29 represents
the very complete and cheap battery designed by Jumes
Foster, jr., & Co., of Cincinnati.t The form of battery
represented by fig. 30 is such as can be carried in the
pocket ; it is known as the Gaiffe battery.

F1a. 30.

Electrolysis.—If the poles of a moderately strong
galvanic battery are made of platinum wire and are
placed near each other in a glass of dilute sulphuric acid,

t This is a form of the Faradic, or broken-current battery. We
can not consume space with the principle of its action, and refw
the reader to works devoted to electricity.
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the current decomposes the water at the ends of the wires,
and the operation is termed electrolysis. In this case it is
found that pure oxygen escapes from the positive pole
(electrode), and pure hydrogen escapes at the negative
pole (electrode).  If glass tubes are suspended over each
pole, the two gases may be collected in the proportion of
two volumes of hydrogen to one volume of oxygen.
Compounds which are capable of such decomposition are
called electrolytes.* The process (electrolysis) is applied
to the analysis of certain salts in solution,orin the molten
state. By this means several rare elements have been
obtained, as will be stated in this work when elementary
substances are individually considered.

Electro-Negative and Electro-Positive Ele-
ments.—In the electrolysis (analysis by means of elec-
tricity) of water, we have said that oxygen escapes at
the positive pole, and hydrogen at the negative pole of
the battery. Oxygen is thus the electro-negative element,
aud hydrogen the electro-positive element. As a rule, oxy-
gen, chlorine, sulphur, etc., when combined with metals,
appear at the positive pole, and are electro-negative.
Hydrogen and the metals appear at the negative pole of
the battery, and are known as electro-positive elements.
These distinctions are to a certain extent relative, for
under certain circumstauces, dependent upon the elements
combinet, the order of liberation may be reversed. The
following table of the electro-chemical elements (by
Gore) is arranged so that “each substance is usually
positive to all those following it, and negative to those
preceding it.”

* Those bodies only are clectrolytes which are composed of a con.
ductor and a non-conductor. Generally speaking, the greater the
chemieal opposition between the elements of a compound, the more
readily it yields to electrolysis.— Miller.
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Potassium, Hydrogen,
Sodium, Antimony,
Magnesium, Carbon,
Zine, Tellurium,
Iron, Phosphorus,
Aluminium, Sellenium,
Lead, Todine,
Tin, Bromine,
gismuth, (l%l_llorine,

opper, 1trogen,
Silver, Sulphur,
Mercury, Fluorine,
Platinum, Oxygen.
Gold, :

We shall employ the terms electro-negative and elec-
tro-positive occasionally in this work, and in such cases
the student is to understand that when the compounds
named are submitted to electrolysis the electro-positive
element is deposited, or escapes from the negative elec-
trode or pole, while the electro-negative element is depos-
ited upon or escapes from the positive electrode or pole.

Heat and Light by Means of Electr.city.—The
obstruction of a curreut of voltaic electricity results in the
production of heat, or both heat and light. If the poles
of a working battery be connected by a fine platinum wire
the current of electricity is retarded, and in proportion to
this obstruction heat and light are produced, the wire be-
ing heated to whiteness or even melted. If the poles of a
strong galvanic battery be each connected with a carbon
point, and after the circuit is completed the points be
slightly separated, the result is a dazzling bright light.
This is known as the electric light, or electric are.

Magnetism.—Loadstone is a natural magnet. If a
piece of loadstone be suspended by a fine thread one part
will point to the north, and from whatever position it may
be placed will scttle into that direction. The portion
which points toward the north is called the north pole ot
the magnet, and that toward the south is called the south

le. If a picce of steel be rubbed upon one pole of a
loadstone the steel becomes magnetic.  That part which
was in contact with the pole of the magnet becomes the

-
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opposite pole of the artificial magnet. The magnet thus
produced will have poles the reverse of the magnet used
to produce it. If the north poles of two magnetic
needles be brought together a repelling force is exhibited
and they fly from each other. This is true of the south
poles of two needles. Upon the contrary the south pole
of one needle attracts the north pole of the other, and if
they are permitted to come in contact they adhere with
considerable force. Thns we find that like poles repel, and
unlike poles attract. In this work we occasionally refer
to an element as capable of being magnetized, and in such
cases it is to be understood that. such a body will readily
assume the character of' a magnet. The force which gives
rise to the property of polarity is unknown. We study
its effects, sometimes speak of it as the mognetic fluid,
but can not accept it to be a tangible body. It seems that
most substances are more or less susceptible to the influ-
ence of maguetism.

Electro-Magnetism.—When an eclectric current is
-passed through an insulated wire wrapped about a bar of
iron or steel, the bar becomes magnetic.  When the cur-
rent is cut off, if the bar be of soft iron, the magnetism
immediately disappears ; if the bar be of steel it remains
a permanent magnet. This magnet has all the properties
of the natural magnet and it is by this method that
the ordinary “horse-shoe” magnets of commerce are
prepared. ‘

Specific Gravity.—The effects of gravitation are
familiar to all. The force is unknown. All natural bodies
have more or less weight, and it is customary to ascribe
this property to gravitation. Specific gravity is ¢ the
weight of a definite volume of any solid, liquid, or gas,
compared with the weight of a standard.” We accept as
the standard for solids and liquids water at the tempera-
ture of 60° F. (15.5°C.) If a given bulk of any body
is heavier than the same bulk of water, we say its specific
gravity is greater than that of water. If it be less than
the weight of the same bulk of water, we say its specific
gravity is less than that of water. '



62 CHEMISTRY OF MEDICINES.

Specific Gravity of Solids Heavier than Water.
Weigh the body in the air, then weigh it in water by sus-
pending it by means of a hair from the arm of a balance,
permitting the solid to enter the water. Divide the
weight in air by the loss of weight in water, the result
will be the specific gravity of the body under consideration.

The specific gravity of solids lighter than water is
found as follows :—

Attach the light substance to a heavy body, such as a
piece of brass, and find the difference of their combined
weights in water and in air, which will equal the water
displaced ; subtract from this amount the weight of water
displaced by the heavy body, (found by weighing it in air
and then subtracting its weight in water,) and the result

-is the weight of water displaced by the lighter substance.

Divide the weight of the light substance in air by the
weight of water that it displaces, and the quotient is the
specific gravity of that body. Where substances are
soluble in water other liquids must be employed and the
difference of their specific gravity noted.

Speciflc Gravity of Liquids —For this purpose a
bottle holding exactly 1000 grains of distilled water, at
the temperature of 60° F. is filled with the liquid under
consideration and the weight of the liquid is taken. This
is the specific gravity of the body ; thus:—

If the bottle be filled with sulphuric ether U.S. P. this
will only weigh 750 grains, and its specific gravity is
0.750, (water being 1000).

If it be filled with chloroform this will weigh 1490
grains, therefore, chloroform has the specific gravity 1.490.

If it be filled with mercury, the weight of this sub-
stance will be 13560 grains at 60° F. and consequently
mercury has the specific gravity 13.5.

The hydrometer is a very convenient little instrument
aud is employed for taking the specific gravity of liquids
where ezact gravity is not required. Hydrometers are tubes
of glass blown into a bulb at one end, into which a little
mercury is introduced. When thisinstrument is placed in
pure distilled water at 60° F. the heavy end sinks, the
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tube remaining upright. The point at which the surface
of the water comes into contact with the tube is marked
1 or 1.000, and is taken as unity. If now the tube be
placed in a liquid of greater specific gravity than water, it
will not settle so deeply; it it be placed in a liquid
which is lighter than water it settles below the 1.000 mark.
Hydrometers are provided with graduated scales within

D L D U T S D O O =

R L T T T 1T T T T T T T T T 1 [}

Fre.31. Fia. 32.
ll'.\-dll-om?(t‘er Hy«l;-omet‘er
or liquids  for liquids
heavier than light:‘r than Fra. 33.
water. water. Hydrometer tube
with hydrometer.
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" the tube, and if the hydrometer settles to a given number
upou this scale, that is the specific gravity of the liquid.
This principle is derived from the fact that any body will
displace its weight of a liquid, and if the liquid be dense
(or heavy), the body floats higher than in a lighter liquid.
Hydrometers for heavy liquids have the scale gradnated
from above downward, the 1.000 mark being at the top.
Hydrometers for liquids lighter than water are graduated
from below upward, the 1.000 mark being at_the bottom
of the scale. There is a narrow cylindrical glass made
expressly for holding the liquid, which is known as the
hydrometer tube.t (Fig’s. 31, 32, 33.)

F1a.34, B, facesotcrystal; U, edges of crystal; A, auglesof crystal.

Crystallography.—When a chemical compound
passes from the liquid to the solid state it usually assumes
a definite geometrical form. If for example a solution of
common salt be evaporated to dryness it will be found
that the residue is made up of a number of cubes or frag-

N L

t Hydrometers are made and sold for use in the arts. under differ-
ent names, such as Sazccharometer, Lactometer, Urinometer, etc. Such
are designed for particular liquids, and the scale is made with refer-
ence to each, but the weneral principle is that which we have numed.
‘We advise the use of hydrometers which recognize the true specific
%ravity of the liquid. instend of such gradations.as are given by

a1mé, Cartier, Twaddell, etc.
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ments of the cube. Such a substance is said to crystallize.
It is found that every chemical substance in the crystalline
state possesses a distinct form.

Crystals are bounded by plane surfaces and these are
called fazes. Where the faces meet straight lines are
formed and these are known as edges. The incidence of
the faces forms angles. (Fig. 34.)

Crystals are bounded by either similar faces in which
all the faces resemble and have the same relative position
(figs. 35, 36), or they are bounded by dissimilar faces which
occupy different positions and are of unequal size (fig. 37).

Similar Faces. Fia. 37.
F1a. 35. Fi1a. 36. Dissimilar Faces.
Regular Octohedron. Cube.

A simple crystal is bounded by similar faces. A complex
crystal is bounded by dissimilar faces, but the complex
crystal is made up of two or more simple forms. Domi-
nant faces of complex crystals are the largest, subordinate
faces are the smallest. Thus A, A, A, A, of fig. 37, are domi-
nant faces, and B, B, B, subordinate faces.

The majority of perfect crystals are of such a form that
a face upon oue side of the crystal is represented by a
similar face on the other side. This, of course, is accom-
panied by a reproduction of opposite and similar angles
and edges, so that a face, angle or edge, upon one side, is
represented by a like face, angle or edge, upon the other
side.

The azes of a crystal are imaginary lines drawn through
the center of the erystal from center of dominant face to
center of opposite face, or from angle to opposite angle.
The particles of matter composing the crystal may be

6
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supposed to be built up about these lines (axes), and thus
the position and the length of the axes determine the
position of the faces of the crystal.t (Fig’s 38, 39.)

Heavy wuiw nnes suow ne axes o1 we crystals.

Cleavage of Crystals.—Most crystals split more
readily in certain directions than in others. This is
termed cleavage. Ferrocyanide of potassium illustrates
this fact most admirably, and the student is requested to
examine a crystal of this substance. Our figure 40 shows
the lines of cleavage whereby this salt may be split into
thin slices.

Fie. 40.
Systems of Crystallography.—There is an im-

mense number of crystalline modifications, all of which
are composed of combinations of six systems or groups.
The forms of each system are closely related as regards

t From the fact that surfaces are real, and azes imaginary, it would
scem natural to suppose that the better plan would be to nssume that
the surfaces and angles of a crystal determine the position and the
length of the axes, and that the azes are imaginary skeletons upon
which the faces are supposed to be constructed.
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the length and position of their axes, and each system
has a primary or fundamental form.

1. Regular or Cubic System.—This has three equal
axes at right angles and of equal length. The funda-
mental form of this system is the regular octohedron and
the next simple form is the cube (fig’s 35, 36).

2. The Hexagonal System has four axes, three
sitnated in one plane and of equal length, cutting each
other at angles of 60°. The fourth axis is longer than
the others, and intersects them at right angles to their
planes (fig. 41).

Fia. 41.

3. The Quadratic or Square Prismatic System.—
These crystals have three axes, all of which are at right
angles to each other, but only two are of the same length

(fig. 42).

Fia. 42.

4. Rhombic System.—In this there are three axes
of unequal length, all at right angles (fig. 43).
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6. The Monoclinic System has three unequal axes,
two of which are at right angles to.each other, the third
being inclined so as to be oblique to one of these and at
right angles to the other (fig. 44).

8. The Triclinic System has three axcs, all unequal
in length aud all oblique to each other. The crystals of
this system are very irregular and difficult to study
(tig. 45.)

F1a. 44. Fia. 45,

Determination of Crystalline Forms.—The form
of a crystal is determined by means of an instrument
named the goniometer. This gives the measurement of the
angles formed by the faces, from which data the crystal is
identified by simple calculation.

Permanent Crystals.—This term is often employed
by chemists, in contradistinction to crystals which absorb
moisture from the air and deliquesce, or which give off
water of crystallization and effloresce. As examples of
permanent crystals  we may name bromide of potassium
and chloride of sodium, either of which remains un-
changed in ordinary air. Upon the other hand carbonate
of sodium will efloresce, and acetate of potassium will
deliquesce, therefore, these substances are not permanent.
Some crystals undergo chemical decomposition, and such
can not be called permanent.

Isomorphism.—When bodies have the same erystal-
line form, and agree in chemical composition to the extent
that analogous elements or groups of elements can replace
each other in such compounds, they are said to be isomor-
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phous. Thus it has been found that many entirely differ-
ent compounds have the same crystalline form, as for
example the alums, and that they may be made to crystal-
lize over each other without affecting the angles and faces
of the erystal. In such cases the salts have, atom for
atom, identical compositions. Examples:—

Potash Alum............... ¢ eeeenn. KAI(SO ), 11, 0.

Soda Alum. .........oeeeee veveeneee. NaAl(SO,),H,O.

Dimorphism and Trimorphism are terms applied

to substances which have two or three distinct crystalline
forms. Thus, if sulphur be allowed to erystallize from
the molten state, it assumes the form of oblique rhombic
prisms, while from solution in carbon disulphide, rhombic
octohedra are formed. Many salts as well as many
natural minerals have this property. If an element ora
compound is capable of assuming three distinet crystal-
line forms it is said to be trimorphous.

Water of Crystallization.—Many crystals contain
definite amounts of water in definite chemical proportions,
and this water is known as water of crystallization. 'Water
of crystallization often varies with the temperature at
which the salt is crystallized, and the same salt may
contain different amounts of water. Thus: Manganous
sulphate (MnSO,) crystallized at a temperature below 6°
C. has the composition MnSO,+7H,0; between 7 and
20° C. it has the composition MnSO,+5H,0 ; between
20° and 30° C. a salt of the composition MnSO,+H,O
forms. Water of crystallization (saturated with the salt)
often separates at ordinary temperatures, and during sum-
mer it is not uncommon to observe it running in quanti-
ties from barrels of sodium sulphate (Glauber salt). The
temperature of 100° C. (212° F.) will expel the water of
crystallization from most substances. (Sce effloresce.)

Experiments in Crystallization.—Dissolve nitrate
of potassinm in any given amount of hot distilled water
until the salt ceases to dissolve. Place the solution in a
cool place, and shortly crystals of potassium nitrate will
appear, which will continue to increase in size until the
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solution is depleted of the excess of the salt. This ex-
periment may be performed with alum or bromide of po-
tassium in the same manner and with the same result,
excepting that each salt will assume a different crystalline
form. After the solution has cooled it should be decanted
from the crystals. The solution after crystallization of
the salt is known as the mother liquor, a term often em-
ployed by chemists. It a saturated solution of most salts
be permitted to evaporate spontaneously, crystals of the
substance formerly in solution will remain. This is the
principle applied in salt-making where the evaporation is
performed by exposure to the sun’s rays. Works upon
chemistry usunally state that it is necessary in order that
large crystals be produced, to have the solution evaporate
spontaneously. The author adwits that large crystals
may be made by slow evaporation, but he has made
crystals of potassium bromide and other substances, of
many ounces each in thirty-six hours, and many pounds
in a few days. '

Precipitates.—In chemistry the term precipitate is
applied to an insoluble substance, which separates from a
liquid, or which results when solutions are mixed. If we
mix a little dilute ammonia-water with a little dilute
solution of a ferric salt (ferric chloride, for example), a
brownish substance will separate and settle to the bottom
of the vessel. This is the precipitate. It does not neces-
sarily follow that precipitates should settle (as the name
siguifies). Sometimes they rise to the surface, or even
remain suspended in the liquid, in all cases being called
by chemists precipitates.

‘Washing the Precipitate.—If the substance settles
easily this operation is best performed by pouring off the
supernatent liquid, filling the vessel with water, and after
again permitting the precipitate to settle, pouring off the
liquid as before. This operation may be repeated as often
as is necessary to wash from the precipitate the substances
held in solution by the original liquid, and the operation
is known as “washing the precipitate by decantation.”
If the original mixture of precipitate and liquid be
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poured upon a filter paper or a muslin strainer, the solu-
tion passes through and the insoluble matter (precipitate)
remains within the paper or strainer. If water be now
poured upon the precipitate the soluble matter will be
carried through, and the precipitate will be purified. This
is called “ washing a precipitate upon a filter or a strainer.”
Filtering.—There is a form of paper made expressly
for filtering purposes. This is porous and when the object
is simply to filler a solution, the operator is expected to
pass the liquid through this paper. The act of filtration
through paper simply separates insoluble or suspended
matters from the solution, as these can not pass through
the interstices of the paper. In some cases animal char-
coal is employed for the purpose of filtration, especially
with colored solutions. This results in the separation by
absorption of some soluble constituent of the liquid.

Dialysis.—It has been found that crystallizable bodies
in solution will pass through certain septa, as bladderand
other animal membranes, gelatinous substances, ete., and
that uncrystallizable bodies, as gums, can not do so. The
application of this principle has led to the dialyses or
geparation of such as pass through the membrane (crystal-
loids) from those (colloids) incapable of doing so. This
is known as dialysis. At the present day “ dialyzed ivon”
is used in medicine to a considerable extent. This prepa-
ration is in reality a very basic solution of oxy-chloride
of iron incapable of dialyzing aud which remains inside
the dialyzer, while the crystalline salts pass through.
Dialysis has been applied to the separation of crystalliza-
ble poisons from organic mixtures, :

Catalysis.—This term is sometimes employed by
chemists in cases where a body induces chemical action
and is itself unchanged. ¢ Contact action” is occasion-
ally used in the same manner. Au illustration of cata-
lytic action is that wherein finely divided platinum induces
at ordinary temperatures the combination of oxygen and
hydrogen, the platinum remaining unchanged. S(.nne
prefer to consider the liberation of oxygen from potassium
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chlorate at a low temperature, if manganese dioxide be
present, as an exhibition of catalytic action induced by the
manganese dioxide. In this case the dioxide remains
unchanged, all of the oxygen being liberated from the
wtassium chlorate.  If the chlorate alone be used a very
Ligh heat is necessary to cffect the liberation of oxygen.
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NON-METALLIC ELEMENTS.

THE elements have been divided into two classes—
non-metallic and metallic. This division is for the sake of
couvenience and is entirely arbitrary. A line can not be
drawn between the two classes, and chemists are not
agreed upon the position of some of the members, as for
example arsenic, which is classed by many as a metal and
by others as a non-metallic body. The term metalloid
has been given to the non-metallic elements, but at pres-
ent is seldom used. The non-metallic elements are usu-
ally electro-negative in combination with metals, there-
fore, most of their compounds are to be found in this
work with the metals.

Non-Metallic Elements.—Hydrogen, oxygen, phos-
phorus, chlorine, sulphur, arsenic, bromine, selenium,
boron, iodine, sellurium, carbon, fluorine, nitrogen, silicon.
Chlorine, bromine, fluorine aud iodine, are sometimes
called Halogens. Each of the halogens can combine
directly with bases, aud the salts to which they give rise
are often designated as haloid salts.

HYDROGEN.
Symbol, H. Atomic weight, 1.

Hydrogen is of peculiar interest to the chemist. It is
the lightest known body and is taken as unity.t It was
among the last of the so-called permanent gases, consti-

t Tt must be remembered that the actual weight of any element
isunkown to us. We simply call hydrogen unity (1), and calculate
the weight of other bodies by comparison with this accepted
standard.

7 (73)
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tutes a large share of all organic substances, both vegeta-
ble and animal, and forms about one-ninth part of the
weight of the water of the Globe. Hydrogen seldom
appears free, but a few voleanic emanations contain it in
small proportion, and it has been found in meteoric iron,
and in the gas of oil wells.  Pure hydrogen may be ob-
tained from water by electrolysis, but for ordinary pur-
poses it is made by the action of dilute sulphnric acid
upon metallie zine.  In thiscase it is contaminated with
various foreign substances which give color to its flame,
and an odor to the gas. Hydrogen may also be made by
passing steam through a metal tube filled with iron turn-
ings and heated to redness; black oxide (magnetic) of
iron, known -as ferroso-ferric oxide, Fe;0O,, being also
formed, thus:—
3Fe 4+ 8H,0 =2F¢,0, 4+ 8H,

1von 2 Water. BLlackoxide Hydrogen.
of 1ron.

To make hydrogen conveniently the following experi-

ment is readily performed. (Fig. 46). Into the 16 oz. chem- -

ical flask A, place two ounces of’ sheet zine cut into small
pieces.  Cork the mouth of the flask with a cork fitted

Fia. 46.
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with a glass tube, the bore of which is not less than one-
fourth of an inch, and which is connected with the 4 oz.
bottle B. This bottle (B,) is to be half filled with dis-
tilled water, and the tube from the flask A. is to extend
throngh the cork to near the bottom ot the water. From
the wash bottle B, a glass tube leads to the bottle C, filled
with water, and which is inverted over a basin of water
(pneumatic trough). Remove the stopper and pour into
the flask A, a mixture of water seven fluid ounces, and
sulphuric acid three fluid ounces. Replace the stopper
and permit the gas to flow for a few minutes and escape
from the exit of the tube, but not into the bottle C. Then -
move the terminus of the tube so that the flow of gas
passes into the bottle (C) as indicated by our figure (46)
until the water is displaced. The cork of the generator
A, may be replaced by a cork with a straight glass tube,
and after a few minutes from the commencement of the
reaction the escaping gas may be ignited. Care must be
taken that this gas is not lighted wheu the reaction be-
gins, else a serious explosion may be expected. Hydrogen
is colorless, tasteless and odorless, and was until 1877
classed among the permanent gasest. However, during
the latter part of that year it was condensed by a pressure
of 300 atmospheres accompanied by a low temperature.
The apparatus employed need not be depicted here, but
we take pleasure in referring the honor of this experiment
to the simultaneous and independent work of M. Cailletet
(France), and Raoul Pictet (Switzerland). The combining
weight of hydrogen is less than that of any other body.
Hvdrogen will not support ordinary combustion, but it
burns when a stream is lighted in the air or in oxygen,
and the product is the vapor of water, thus :—
H, + 0, = 21,0.
ITyd:ozen Oxygen Water.

The heat produced by one gram of hydrogen combin-
ing with oxygen, as explained by the foregoing formula, is
snidcient to raise the temperature of 34.462 grams of

t Permanent gas is n term which was once applicd to gases which
had never been liquefied.  Oxygen and hydrogen are examples.
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water from 0° C. (32° F.) to 1° C. (33.8° F). The
following simple experiment will illustrate the production
of hydrogen gas from water. Fill a test tube with water in
a vessel of water, aud raise it with the mouth down untj)
the mouth of the tube is near the surface. Then place
a pellet of sodium on the point of a penknife blade and
quickly introduce it below the mouth of the tube. It will
immediately fuse and rise into the tube and float upon
the surface of the water, which will be decomposed (see
sodium) with liberation of hydrogen. At last the tube
will be filled with gas which will show the characteristics
of hydrogen burning on the surface when a lighted match
is thrust into it Hydrogen will not support animal life
when inhaled, but it the gas is perfeetly pure it is said
that a few inspirations may be drawn without danger.
Hydrogen gas is sparingly dissolvcd by water and almost
alike by water of all temperatures. This gas has the
power to pass through many red-hot metals, such as pla-
tinum, palladium and iron.  Oiled silk and india-rubber
bags retain it but a short time. The absorption of hy-
drogen by hot metals has been termed occlusion. Many
metals absorb and hold, at red-heat, large quantities of
hydrogen, and such combinations have been likened to
alloys. This form of hydrogen is by some supposed to
be solid, and the term Ahydrogenium has been given it. The
experiments of Troost and Hautefeuille, however, with
palladium indicate that a real chemical compound is pro-
duced, and to such the composition PdH was ascribed.
If hydrogen be mixed with oxygen gas or with atmo-
spheric air and then ignited a violent explosion results.
For this reason we have advised the experimenter to per-
mit the gas to pass from the generator some little time
before collecting it.

Ezperiment.—Thrust a lighted taper into a jar of hydro-
geu gas, the flame of the taper will be extinguished, but
the surface of the hydrogen will burn with apale blue light.
Into aninverted tin tube, sealed at one end and pierced
with a hole over which the thumb is held, pass hydro- -
gen gas until the tube contains a mixture of air and hy-
drogen in about equal proportions; then n.q¥ the open end

Y N
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and apply a flame to the orifice, a violent explosion re-
sults, (Fig. 47). In this iustance the combustion is instan-
taneous throughout the tube, accompanied with formation
of vapor of water. When a glass tube of one-half inch
in diameter is held over the flame of a jet of hydrogen
gas, a peculiar noise is produced. This, when in opera-
tion, is called the musical tube.

F1a. 47.

Hydrogen gas is used in medicine only in combina-
nation, but in this form it is of vital importance to both
animal and vegetable life. The ozy-hydrogen blow-pipe
flame is dependent on combustion of mixed jets of oxygen
and hydrogen gases, and is of great importance in the
arts and in chemical analysis as a source of intense heat.
Hydrogen gas is sometimes employed for filling balloous,
but for economy’s sake coal gas is usually used. Hydro-
gen combines with elements to form Aydrides. The acids
are salts of Aydrogen.

Hydrogen Monoxide (Water).—Formula, H,0. Mo-
lecular weight, 17.96.

The molecule of water is composed of two atoms of hy-
drogen united by chemism with one atom of oxygen, or,
two volumes of hydrogen in combination with one vol-
ume of oxygen. We have shown that water may be de-
composed by sodium, yielding hydrogen gas as one of
the products. If it be decomposed by electrolysis, two
volumes of hydrogen gas rise from the negative pole for
one volume of oxygen from the positive pole, and it will
be found that the weight of the oxygen as compared with
the hydrogen is as oxygen 16, hydrogen 2. The bulk,
however, of the hydrogen, and the number of hydrogen
atoms, are each twice that of the oxygen.
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Pure water’is seldom to be procured in our large cities,
even by distillation. Most natural waters contain organic
matter, either volatile or which decomposes by the heat
of distillation, and thus contaminates the distillate with
certain products which distill and condense with the steam.
The air of cities and of dwellings, more especially of
chemical laboratories and of manufactories, swarms with
organic matter, germ cells, etc. If, during the act of dis-
tillation in these places, the condensed water is permitted
to fall through the air, even from the condenser to a re-
ceiver, the result is a liquid which contains all that is
necessary for the propagation of the lower classes of or-
ganic vegetable life. This fact is exemplified by the
“slimey” contents of our pharmacist’s bottles of distilled
water, after a little time. Distilled water (not absolutely
pure, but such as will answer all ordinary purposes), should
{)e made by connecting a retort with a Liebig condenser,
the exit of which connects with a bent glass tube which
enters into a bottle through a plug of cotton placed
in the neck. The retort should be two-thirds filled with
fresh spring water, of which one-fifth is distilled and
thrown away. The receiving bottle should now be con-
nected with the condenser, and distillation conducted un-
til three-fifths have passed. The distillation is now to be
discontinued and the receiver securely stopped. The wa-
ter of many mountainous lakes is very pure, especially as
regards organic matter, and so we may say of some North-
ern springs.

Water is tasteless and odorless. It is colorless if in
small body, but if in large quantities is bluish-green.
This is particularly noticeable in the waters of certain pure
lakes which are fed by springs or mountainous streams.
Water is almost incompressible and is a bad conductor of
heat and electricity. It is remarkable, as being an ex-
ception to the general rule that bodies contract upon cool-
ing and expand when heated, for when water is heated
from 0° C. to 4° C.(32° F. to 39.2° F.) it contracts, and
when it is cooled from 4° C. to 0° C. (39.2° F. to 32° F.)
it expands. This is a fact of the utmost importance to
mqkin\usmuch as upon this principle ice forms upon the
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surface of water and remains there instead of sinking. In
the act of cooling, from the surface, water constantly sinks
and is replaced by warm water from below, until the en-’
tire body is reduced to the temperature of 4°C. (39.2°F.)
Theun it congeals on its surface, and the loss of heat from
that time must be by conduction, and, -as we have said,
water is a poor conductor. Therefore it is that our lakes
and rivers seldom freeze to a very great depth.t The
freezing point of water is.usually 0° C. (32° Fg but under
certain conditions it may be reduced as low as —24° C,
(11.2° F.) without solidifying. Snow and frost are forms
of ice crystals.

Water boils at 100° C. (212° F.) at the level of the sea.
As the pressure of the atmosphere is lessencd (as in as-
cending a mountain) the degree at which it boils becomes
proportionately less. Water is the universal solvent. In
all cases in this work where the direction is to make a so-
lution, no liquid being designated, water is understood.

Water combines chemically with many basic oxides, to
form a class of compounds termed hydroxzides, hydrates, or
hydrated oxides. In these the elements of water (H,O) are
present, but they do not exist as water. Examples:—

K,0 4+ H,0 = 2KOH.

Potassium Water. Potussinm
monoxide hydroxide,
Ca0 4+ H,0 = Ca(OH),.
Calcinm Water. Calcium

monoxide hydroxide.

+ In Northern countries a kind of ice form§ iq exceedmg.ly cold
weather upon the rocks upon the bottom of rapid ripples, while run.
ning water is abovo and no surface ice. This ice is known under the
name of anchor ice. It,in appearance, resembles masses of needles
with their points up. and attached at their bases to the rocks. We
ean account for this ice by the fuct that the mass of the water of the
ripple is almost at tha freezing point. The rocks conduct the heat
of the battom of tha ripple to the bank and thus nctlmlly reduce
the temperature of the rocky bottom to less than 0° C (32° F.) This
is fol'owed by congelntion upon the bottom in crystals which shoot
upward into the strenm in the manner wo observe crystals shoot
across the surface of water in the rondside puddles. 1tis well known
in the North, that anchor ice porternds very cold wenther, and it is
customary to eny. in o:der to make the impression of severely low
tempernture. anchor ice is forming. Anchor ice is lighter than water
and flouts when it is broken from the rocke.
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Some of the hydroxides (hydrates) hold the elements
of water with great force, a very high heat being required
to dissovinte them, .

Hygroscopio substances ave those which absorb
mointure from the atmosphere, and retain it as water. This
in true to an extent with most dry powders in a moist at-
mosphere, but the term hygroscopie is applied in this work
to muich bodies only as have a positive attraction for
moisture in ovdinary air. ’

Deliquescent.—If a body absorb moisture in suffi-
clent nmount to dissolve in the water so taken from the
ale, it iwsnid to deliquesce.  All deliquescent bodies are
hygroneopie, but it does not follow that a hygroscopic sub-
stnnee in deliquescent.  As an example of deliquescent
ribatinees, we ean name acetate of potassium, or chloride
of enleinm, either of which will absorb moisture from the
nie upon exposure to it, and dissolving in this water will
fienn n Houid,

Anhydrid.—Oxides which will unite with water te
form ueids are enlled anhydrides.  Thus:—

80, + H,0 = H,S0,.

llllvhumnn Water. Sulphurous

anhydenl. acid.
N,0, + H,0 = 2HNO,.
Nitvie Water. Nitric
anhydeid, acid.
(0, + M,0 = H,CO,.
Cavhon Water. Carbonic
anhydeid, acid.

The anhydrid of sulphurie acid is in reality SO,. This
will unite with hydrogen dioxide (H,0,) to form sul-
phurio neid, thus:—

S0, + M,0, = H,SO,.
Bulphur  Hvdrogen Sulphuric
auhydiid,  dioxide. ac

Owing to the fact that the real ankydrid of sulphuric
acid can not form the acid by combination with water, it
is customary to speak of sulphur trioxide (SOy) as the
anhydrid, thus:—
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SO, + H,0 = H,S0,
Sulphuric  Water. Sulphurie
anhydrid. acid.

- Anhydrous bodies are those which do not contain
water. Salts are hydrous when they contain water that
may be driven off without altering the chemical proper-
_ties of the compound to any considerable extent.

Hydroxyl, OH. This is the foundation of all hydrox-
ides. We may consider the molecule of water H,O to
consist of hydroxyl (OH) united to hydrogen forming
hydrozide of hydrogen, or water, H.OH. The atom of basic
hydrogen may be displaced by other univalent atoms, and
thus from the molecule of water the combination OH
may be carried and serve as the foundation for a compli-
cated series of compounds. The formation of the hy-
droxides from hydroxyl may be illustrated as follows:—

20H + H, = 2HOH.

Hyd.oxyl. Hydrogen. Hydroxide of
hydrogeun (water.)

2HOH + Na, = 2NaOH 4 H,,
Water. Sodium. Hydroxideof Hydrogen.
sodium.

The term free hydroxyl has been applied to hydrogen
dioxide (peroxide of*hydrogen) H,O;. Such a term,
however, is not accepted by chemical writers. Com-
pounds like calcium hydroxide, Ca(OH),, are considered
as two univalent molecules of OH (hydroxyl), in combi-
nation with one bivalent atom.

Hydrogen Dioxide, or Peroxide of Hydrogen.
Formula, H,O,.

This was discovered by Thenard in 1818. Tt may be
made by acting upon barium dioxide (peroxide of barium)
with hydrochloric acid. It is a colorless, caustic liquid,
soluble in ether, and the ethereal solution may be distilled
without decomposition. Hydrogen dioxide is of no prac-
tical importance in medicine, but it has been used as a
bleaching agent, and is said to be the liquid which is em-
ployed by some women to change the color of their hair
to yellow (blonde).
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ACIDS—SALTS oF HYDROGEN.

In 1816, Dulong propounded the theory that all acids
are combinations of hydrogen and an element or a group
of elements. This is now the accepted view of the majority
of chemists, consequently we shall consider acids in this
place, as they properly belong to the hydrogen compounds.
From necessity we introduce the organic acids which are
used in medicine, as well as the inorganic acids.

Acids.—Acids are a class of compounds which are
generally sour to the taste, hence the name acid, a word
derived from a Latin root denoting an edge. At one time
it was supposed that all acids were sour, reddened litmus
and certain other vegetable blues, and neutralized alkalies.
Lavoisier considered all acids to be compounds of oxygen,
which idea has since been refuted, although at the present
day only about six acids are known that do not contain
oxygen. The element common to all known acids is
hydrogen, and at this time it is customary to speak of
acids as salts of hydrogen ; thus :—acetic acid is known as
~ acetate of hydrogen, sulphuric acid as sulphate of hydro-
gen, etc. This definition of an acid seems reasonable as
we now view the science of chemistry, for each acid con-
tains a fixed amount of hydrogen which is capable of
being replaced by a metal. Thus, sulphuric acid (sulphate
of hydrogen) H,S0, is decomposed by zinc, Zn, to form
sulphate of zine, ZnSO,, the hydrogen H, being liberated.
The radicals of acid molecules are bodies linked by
chemism with the hydrogen, which (hydrogen) is ex-
changable for metals, (page 43). Sometimes the acidulous
radical is an element, thus:

Hydrocbloric acid...(Chloride of hydrogen)...H(l,

Hydrobromic acid...(Bromide of hydrogen)...HBr,

Hydriodie acid.. .....([odide of hydrogen)......HI,
are acids, in each of which the hydrogen is united with
one atom of the respective element, which element, in
this case, is the acidwlous radical. Usually, however, the
acidulous radical is a combination of elements which have
a strong affinity among themselves, but are loosely at-
tached to the basylous hydrogen, thus :—
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Bulphurie acid, H,80,, and Carbonic acid, H,CO,,

contain respectively in each molecule two atoms of hydro-
gen capable of being replaced by metals, the remainder
ot the molecule constituting the acidulous radical ; conse-
quently SO, is the acidulous radical of sulphurie acid;
and CO,; of carbonic acid.

Basylous Hydrogen.—In the foregoing illustrations
the entire amount of hydrogen in each molecule is re-
placeableby metals. This hydrogen acts the part of a base
to which the acidulous radicals are attached. Many of
the organic acids, however, contain hydrogen as parts of
the acidulous radical. We may mention—

Citric acid ... .eeervvnvivennnivvnnnss H,C,H, 04,
Tartaric acid.,.coeeveve coeveenn .o H,C H, Oy,
Acetic acid..... woeer veveeennennnnn . HC,H O,

and in all such the hydrogen entering into the acidulous
radical can not be removed without destroying the mole-
cule, and the properties of the compound. Thus, replace
one atom of hydrogen of the molecule of acetic acid
with an atom of potassinm, and we have a molecule of
acetate of potassium KC,H,0,. Recmove now by means
of heat another hydrogen atom or atoms and the charac-
teristics of the compound are utterly destroyed. From
acetate of potassinm we may re-obtain the acetic acid
radical, but from the result of the decompositipn by heat
it is impossible, for this acidulouns radical no longer exists.
We may thus define basylous hydrogen in these instances
as that portion of the hydrogen in the molecules of acids
which is capable of being replaced by a metal without
destroying the properties of the acidulous radical. (Sce
radicals, page 43).

Quantivalence of Acids.—Some acids contain one
atom of hydrogeun capable of being replaced by metals,
others two, three, etc. Thus, hydrochloric acid (HCI),
and acetic acid (HC,H,O0,), each contains one replace-
able atom of hydrogen in each molecule, and is univalent ;
sulphuric acid (H,S0,), and tactaric acid (H,C,H,O,),

liberate two atoms of hydrogen, and are bivalent ; citric acid
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(H;C:H;0,) contains in each molecule, three atoms of
hydrogen that may be displaced without destroying the
Properties of the acidulous radical and is hence trivalent.
The terms mono-basic, dibasic and tribasic, are applied to
acids in accordance with the number of atoms of basylous
hydrogen, thus :—

Formic acid ......... HCHO, ........is monobasic.

Tartarie acid........ H,C,H,0,.....is dibasic.

Citric acid........... H,C,H,0,....is tribasic.

Formuls of Acids —We have shown that acids may

with propriety be called salts of hydrogen.f Iu view of
this fact we prefer, when possible, to express their com-
position by means of formule in such a munner as to show
their quantivalence. Thus, the actual composition of
formic acid, (empirical formula), is H,CO, ; but experi-
ment has demonstrated the molecule of the formic acid
radical to be univalent; therefore, chemists separate the
atoms of hydrogen and represent the molecule HCHO,.
This latter mode of expression is called a primary rational
Jormula.  (See page 38). In illustration of this we call
attention to the formule of the following acids, a glance
at the primary rational formule of which will show the
acidulous radical united with the hydrogen that may be
displaced by metals, while the empirical formulee as ex-
pressed by the second column is comparatively useless :

Primary Rational Empirieal

Formule. Formulse.
Acetic acid, HC.H,0,. 4C,0,.
Tartarie acid, H,C,H,0,. H,.C.O,.
Citrie acid, H,C,H.0,. H,0,0,.
Malic acid, H,C,H,0;. H,C,0;.

Medicinal Acids.—There are many hundred known
bodies classed among the acids, but of these 42 only are
to any extent used in medicine either in substance or in
combination, unless it be as parts of plants or fats.

t Dulong in 1816 was the first to make this definition, although
Davy and Gay-Lussac had previously shown that hydrochloric acid
and hydriodic acid are free from oxygen.
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ACIDS OF INTEREST IN MEDICINE.

Acetic, Malie,

Arsenic, Nitrie,
Arsenious, Nitro-muriatie,
Benzoic. Nitrous,

Boric (Boracic), Oleie,
Carbazotic, Oxalic,
Carbolie, Phosphorie,
Carbonic, Meta-phosphoric,
Chloric, Phosphorous,
Chromie, Pyrogallie,
Chrysophanic, Pyroligneous (mixture),
Citric, Pyrophosphoric,
Formie, Salieylie,
Gallie, Silicie,
Hydriodie, _ Succinie,
Hydrobromie, Sulphoecarbolie,
Hydrochlorie, Sulphuric,
Hydrocyanie, Sulphurous,
Hydrosulphurie, Tannie,
Hypophosphorous, Tartarie,
Lactic, Valerianie.

Acetic Acid.—Formula (Glacial), HC,H,0,. Molecular
Weight, 59.86.

Synonym.-—Acidum aceticum.

Acetic acid is formed when fruits and saccharine sub-
" stances pass through the acetic fermentation, vinegar
being impure dilute acetic acid. Acetic acid exists in
the juices of many trees and plants, and results from the
destructive distillation of wood and other organic sub-
stances. :

Glacial Acetic Acid is the most concentrated form
of this substance. It is colorless, liquid at a temperature
above 16° C. (60° F. ), very mobile, and has a violently
penetrating and pungent odor. Its specific gravity is
1.063, boiling point 120° C. (248° F.) (Fowne), and freez-
ing point 15.5° C. (59.9° F.) It is made by distilling
finely powdered anhydrous acetate of sodium with three
times its weight of concentrated sulphuric acid, accord-
ing to the following equation :—

NaC,H,0, + H,S80, = NaHSO, + HC,H,0,.
It mixes with ether, water or alcohol, in all proportions.
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sometimes designated as acetic acid number 8, a name
doubtless, derived from the fact that one part of acetic
acid mixed with seven parts of distilled water forms the
officinal . .

Diluted Acetic Acid, often called distilled vinegar.
This has a specific gravity of 1.006, and one hundred
grains will neutralize 7 6-10 grains of erystallized bicar-
bonate of potassinm. Acetum of the Pharmacopeeia - is
properly distilled vinegar, and is made by the distillation
of vinegar.

Ars]e‘?li%‘tAcid.—Formu]a, H,AsO,. Molecular weight,

If powdered arsenious acid of commerce As,O,, be dis-
solved in hot hydrochloric acid and nitrie acid be gradu-
ally added until red vapors cease to appear, and then the
solution be carefully evaporated to dryness and the resi-
duum heated to redness, arsenic oxide, As,Oj,is produced.
This dissolves in water to form a solution which deposits,
upon evaporation, erystals of arseni acid 2H;AsO,.H, 0,
which when heated to 100° C. (212° F.) parts with its
water of crystallization, H;AsO, remaining. Arsenic
acid is white, poisonous, and is used considerably in the
arts as an oxidizing agent. The salts of arsenic acid are
called arsenates. Avrsenic acid yields a precipitate with
solution of nitrate of silver, of a reddish brown color.
For the detection of this substance see arsenic.
,Ars?gl}ol_%s Acid.—Formula, H;AsO,. Molecular weight,

25.78.

The above is the true arsenious acid, although the phar-
macopeeia recognizes under the name arsenious acid the
white arsenic of commerce, which in reality is arsenious
anhydrid, As;O;.  When arsenious anhydrid is dissolved
in water an acid solution, said to have the above composi-
tion (H;AsO,), is formed. Itis very unstable and can
not be evaporated without decomposition. '
Arsenious Acid of Commerce.—Formula, As,O,.

Molecular weight, 197.68.

Synonyms.—Arsenic. Arvsenious oxide. Arsenious an-

hydrid. White oxide of arsenic. White arsenic.
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Benzoic Acid.—Formula, HC,H,0,. Molecular weight,
121.71.

Benzoic acid exists in many balsams and gum-resins,
It is abuundantly obtained from benzoin by simply heat-
ing, and is the result of the oxidation of certain organic
bodies, as toluene. It is formed when hippuric acid is
boiled with strong hydrochloric acid, aud as the urine
of herbiverous animals contains hippuric acid in a large
amount, it may be readily prepared from the urine of
horses and cows.

Preparation.—Spread a thin layer of benzoin upon
the bottom of an iron vessel, and invert over it a paper
cap. Upon applying heat the acid will sublime and crys-
tallize in silky needles, condensing upon the inner sur-
face of the paper. This is true medicinal benzoic acid,
and should be employed in medicine at the present day,
although it is largely superseded by that made from urine,
which is cheaper.

Properties.—Benzoic acid from benzoin, is in the form
of white silky needles or plates, and is of a pleasant bal-
samic odor (odorless when pure), due to the presence of
traces of essential oil. It evaporates freely, melts at 121°
C. (249.8 F.), dissolves in about 200 parts of cold or 25
parts of boiling water, in 10 parts of glycerin, and is very
soluble in most essential oils, alcohol or ether. It forms
salts with alkalies mostly quite soluble ; these are known
as benzoates.

Ezamination.—This acid is often made from urine, and
when such is the case has generally a powerful, pungent
and disagreeable odor, the sense of smell alone being usu-
ally sufficient to show the substitution. "When made from
urine it is generally in larger crystals than from benzoin,
and of asatiny luster. According to Hoffinann, hippuric
acid is detected by heating a mixture of 20 grains of the
acid, 50 grains of hydrate of potassium and 50 drops of
water, in a test tube, hippuric acid being indicated if the
mixture gives off the odor of ammonia or produces white
vapors when a glass rod moistened with acetic acid is held
over the mouth of the tube, or if under like conditions it
blackens a strip of unsized paper previously moistened

8
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with a solution of mercurous nitrate. Cinnamic acid
may be present in benzoic acid produced from gum ben-
zoin, but is of little consequence from a therapeutical
point. It ‘may be detected by heating a concentrated
aqueous solution of benzoic acid with permanganate of
potassium, when, if cinnamic acid is present, an odor of
oil of bitter almonds will be evolved.

Boric Acid.—TFormula, H;BO,. Molecular weight, 61.88.

This is also known under the name boracic acid and
occurs free in the waters of certain volcanic districts of
Tuscany, from which it is obtained by evaporation and
crystallization. It may be easily produced artificially by
dissolving borate of sodium (borax) to saturation in boil-
ing water and adding an excess of hydrochloric acid,
when upon cooling an abundance of boric acid will sepa-
rate in crystalline form. Boric acid is translucent, of a
beautiful satin-like, pearly appearance, resembling fish
scales. It is soluble in three parts of boiling water, and
dissolves considerably in alcohol, the solution in alcohol
burning with a green flame. It is almost tasteless and
slightly reddens blue litmus paper. Boric acid is scarcely
liable to adulteration, but has been used for the purpose
of adulterating santonin. One specimen of santonin (?)
examined by the writer contained 85 per cent. of boric
acid. It can be readily detected by means of chloroform
which freely dissolves the santonin without affecting boric
acid.

Carbazotic Acid.—Formula, HC,H,(NO,),0. Molecu-
lar weight, 228.57.
Synonyms.—Picric acid, Tri-nitro-phenic acid.

This is made by acting upon carbolic acid with nitric acid.
It may also be prepared in the same manuer from indigo,
silk, wool and many other organic bodies, especially resing
and gums. The most economical process is from car-
bolic acid, but the reaction is often violent and even
dangerous ; therefore, as carbazotic acid is made in large
amounts by manufacturers, with facilities for the purpose,
it is better to purchase it for medicinal use and purify if
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necessary. Picric acid is in the form of bright lemon
yellow crystals, melts at 122.5° C. (252.5° F.), dissolves
slightly in cold water, to a considerable extent in boiling
water, and quite freely in alcohol. It is very bitter to the
taste, stains orgaunic substances yellow, and for this reason
caution must be observed in handling it, as the color pro-
duced can not be removed from the nails and hair, a new
growth being necessary. Carbazotic acid unites with
alkalies to form salts, the ammonium salt being quite
soluble and cousiderably employed in medicine. The
salts of carbazotic acid are called carbazotates (or picrates)
all the soluble salts being exceedingly bitter. Carbazotate
of potassium is a.dangerous compound, exploding with
violence when heated. Carbazotic acid unites with alka-
loids to form salts which are mostly insoluble. Carba-
zotic acid is largely employed in the arts as a dye-stuff.
It imparts a fine yellow color. '

Carbolic Acid.—Formula, IC,IT,07 Molecular weight,
93.78.

Synonyms.—Phenol. Phenic acid. Phenyl alcohol.
Phenylic hydrate. Coal-tar creasote.

Carbolic acid is practically obtained from coal-tar,
although it may be made by way of experiment by heat-
ing salicylic acid quickly in a glass retort, carbolic acid
distilling. When crude coal-tar is agitated with milk of
lime and permitted to stand some days, the aqueous liquid
which rises, if decanted and neutralized with hydrochlorie
acid, will vield aun oily substance. This is erude carbolic
acid, and may be partially purified by subsequent frac-
tional distillations, although the preparation of pure car-
bolic acid is most tedious and difficult, seldom being
accomplished excepting on a manufacturing scale.

Carbolic acid is usually met with in crystalline masses,
colorless, of a strong penetrating odor and caustic burn-
ing taste. The crystals melt at about 42° C. (108° F.),
producing a colorless liquid that may be often reduced
much below this temperature without crystallizing. Under
such circumstances a crystal of carbolic acid added will
cause the mass to solidify, and even a sharp blow upon the
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container will accomplish the same result. The crystals
absorb moisture upon exposure, and form a hydrate
(HC;H;0.H,0), which melts at a much lower tempera-
ture. Carbolic acid of commerce is often of a reddish
color, and frequently becomes red by age. If specimens
of such are melted and poured into a glass funnel stopped
at the exit, and crystallized by reducing the temperature,
then placed in a moderately warm room and the cork
removed, as the acid slowly melts the red color passes
away with the first liquid, leaving the mass of crystals
pure white. Carbolic acid is an antiseptic and is much
employed as a disinfectant. It is soluble in glycerin, and
carbolic acid mixed with glycerin, bulk for bulk, will mix
with water in all proportions. When permitted to come
into contact with the skin it acts as a caustic, turuing the
cuticle white, benumbing the part exposed to its action,
and producing a painful sore. Olive or linseed oil applied
at once will generally neutralize its serious effects. Car-
bolic acid in overdoses is an active poison, burning the
throat and stomach, death often following in a short time.
The antidotes are oils, milk, or white of egg, to be freely
administered. Evacuate the stomach as soon as possible.

Oarlg?g%c Acid.—Formula, H,CO,. Molecular weight,

When carbon is burned in air or in oxygen a colorless
gas results, composed of two atoms of oxygen united
with one atom of carbon. This gas is carbon dioxide,
CO,, often called carbonic acid gas, and sometimes im-
properly designated as carbonic acid. When this gas
passes into cold water one molecule unites with a mole-

clnle of water to form a molecule of true carbonic acid,
thus:—

CO,+H,0=H,CO,.
_ Carbonic acid is usually made, however, by decompos-
ing limestone, CaCOy, by means of sulphuric acid.

CaCO, +H,S0,=CaS0,4-H,CO,.

In this case, however, the earbonic acid decomposes into
carbon dioxide and water as follows ;:—
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H,C0,=H,04-CO,.

Tt is therefore uecessary to pass the carbon dioxide, as
it is formed, through a pipe and into cold water, when
combination again eusues in proportion to the pressure.
This is practically the process employed in making effer-
vescing waters, Carbonic acid is always dissolved in
water, not being known free, and is found in the waters
of mauy springs. It imparts a distinet acid reaction,
changing blue litmus to red, and has a sharp agreeable
taste. If carbon dioxide be passed into lime water a
turbidity results, consequent upon the formation of car-
bonate of calcium. If diluted acids are poured upon a
carbonate, decomposition ensues, carbon dioxide being lib-
erated. The salts of carbonic acid are called carbonates.

Chloric Acid.—Formula, HCIO,. Molecular weight,
84.25.

This acid has never been obtained in a pure state owing
to its ready decomposition. It has been produced as a
syrupy liquid by decomposing chlorate of potassium with
a solution of hydrofluosilicic acid, and separating the ex-
cess of hydrofluosilicic acid with silica, then evaporating.
It is very explosive if permitted to come into contact
with many organic bodies, and will even inflame paper, so
easily is it deoxidized. This acid is never used in medi-
cine, but the salts of it are known as chlorates and the
chlorate of potassium (KClO,) is consumed extensively.

Chrom‘c Acid.—Formula, H,CrO,. Molecular weight,
118.24.

When one and one-half parts of concentrated sulphuric
acid are slowly, and with constant stirring, poured into
one part of a cold saturated solntion of bichromate of
potassium, and the mixture permitted to cool, beautiful
red crystals of trioxide of chromium (CrO;) separate.
These crystals drained npon a soft brick inadry atmo-
sphere, and quickly placed in glass stoppered bottles,
constitute the so-called chromic acid of the U. S. P,
although to form the true chromic acid it is necessary to
dissolve the above preparation in water, thus:—
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Ca,2C,H,0, + 30,50, = 2H,C,H,0, + 3CaSO,.
Citrate of Su.phuric Lt Sulplhaie
Calciun. acid. acd. of Calaauwm.

By evaporating the filtered liquid, crystals of citric
acid may be obtained after exposure to low temperature.
Citric acid is consumed in medicine in large quantities, 1t
forms transparent erystals, very soluble in hot water,
freely in cold water, slightly in alcohol, and insoluble in
ether. A peculiarity of citric acid is the fact that its
calcium salt is quite soluble in cold water, and is scarcely
dissolved by hot water. It is very sour to the taste, is
not poisonous, and forms salts which ave known as citrates,
several of its salts being of value as thevapeutical agents.

Formic Acid.—Formula, HCHO,. Molecular weight,
45.89.

Formic acid derives its name from the red ant (Form-
ica rufa), from which it was tirst obtained.  These ants,
and some other insects, contain considerable amounts of
formic acid, as do some plauts, like the nettle. Formic
acid is made artificially by heating equal weights of ox-
alic acid and glycerin together for about fifteen hours,
at a temperature slightly above that at which water boils,
and afterwards distilling the residue with water. The
glycerin is not altered but the oxalic acid decomposes,
forming formic acid and carbon dioxide, thus:—

11,C,0, = NCHO, + CO,.
Ox;ﬁic Formio Carbon
acid. acid. cioxide.

Formic acid is a clear lignid of specific gravity 1.235,
crystallizing, if pure, below the freezing point of water.
It attacks the skin and has a sour taste and odor. It
reduces the salts of the noble metals (gold, ete.) and of
mercury. The salts of formic acid are known as formates.

Gallic Acid.— Formula, II,C,II,04,H,0. Molccular
weight, 187.55.

Gallic acid is found in some vegetable substances, but
not in sufficient amount to repay extraction. It is pro-
duted from oak-galls, by the decomposition of the tanuio
acid they contain so abundantly. This is accomplished
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by moistening powdered gall-nuts with water and expos-
ing to a warm temperature some weeks, occasionally add-
ing water to replace that which evaporates. This pulp
is then exhausted with boiling water, filtered and cooled,
and the crystals of impure gallic acid ave again dissolved
in water, and if necessary, are decolorized by means of
animal charcoal, when upon cooling pure gallicacid crys-
tallizes. There has been much dispute regarding the
chemistry of this conversion of tannic into gallic acid,
but, perhaps, the most acceptable explanation of the re-
action is afforded by Messrs. H. Schiff, Suc and J. Lowe,
upon the theory that tannic acid is an anhydrid of gallic
acid, and that the conversion of tannic acid into gallie
acid may be explained as follows:—
¢, ,H,,0, + H,O = 2C,H,O,.

Tannic Water. Two molecules
acid. of gallic acid.

Gallic acid erystallizes in small needles of a light fawn
color, often approaching white. It dissolves in three
parts of boiling water and in 100 parts of cold water ;
dissolves freely in hot alcohol; sparingly in ether and in
glycerin. It does not precipitate solution of gelatin,
(distinction from tannic acid), but with solution of acetate
of copper produces a precipitate insoluble in water, but
very soluble in ammonia water.

Hydriodic Acid.—Formula, HI. Molecular weight,
127.53.
This acid (gas) may be made by allowing iodine and
phosphorus to react upon each other under water.
Preparation.—Mix one part of amorphous phospho-
rus with fifteen parts ot water in a tubulated retort con-
nected by means of a rubber tube with a glass tube, the

exit of which is plunged into water. Now surround-

the retort with ice water and gradunally add iodine through
the tubulus of the retort until twenty parts of iodine
have been used. When the gas ceases to pass, warm the
retort gently until the veaction ceases. The gas which is
evolved is hydriodic acid and the solution of it in the wa-
ter is the hydriodic acid of commerce. This gas may be
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made otherwise, as by heating iodide of potassium with
phosphoric acid in solution, or by passing sulphide of hy-
drogen into a mixture of powdered iodine and water.

Hydriodic acid gas is colorless, strongly acid in reac-
tion, fumes in the atmosphere, and is very suffocating if
inhaled. It liquefies at 0° C, (32° F.) under a pressure
of four atmospheres (Faraday,) and freezes at —55° C.
(—67° F.) to a mass resembling ice. The specific gravity
is 4.37, air being the standard of unity.

The solution of hydriodic acid resembles hydrochloric
and hydrobromic acids. It decomposes by exposure to
the atmosphere, becoming reddish-brown, from liberation
of iodine which remains dissolved in the acid solution.
Hydriodic acid forms salts known as iodides.

Hydrobromic Aci@.—Formula, HBr. Molecular weight
80.75.

- Hydrobromic acid (bromide of hydrogen) -contains
eighty parts of bromine, by weight, to eighty-one parts
of the acid. This is a larger percentage of bromine than
is afforded by any other salt of bromine. It may be made
by several indirect processes and by the direct combina-
tion of its elements. A few drops of bromine should be
placed in the bottom of a long cold test-tube and the tube,
filled to the height of two inches with small fragments
of glass upon which is placed a few grains of phosphorus,
and above this two inches of broken glass as before, the
upper portion of the last layer of glass being wetted.
Now apply a gentle heat, the bromine vaporizes, unites
with the phosphorus, and forms bromide of phosphorus
(PB,) ; this is decomposed by the water upon the wet glass,
forming phosphoric and phosphorous acids, and hydro-
bromic acid gas, which latter may be led through a glass
tube and condensed. The hydrobromic acid used in med-
icine is a solution of this gas in water, and is made by
passing the gas into cold water. The foregoing experi-
ment can not be conducted upon a large scale, as the re-
aetion between the bromine vapor and phosphorus is
violent and dangerous (not more than ten grains of bro-
mineand phosphorus should be experimented with), there-

9
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fore other processes are used in practice, usually by dis-

tilling a mixture of bromide of potassium solution with

sulphuric acid, and passing the gas into water, thus:—
2KBr 4 H,80, = 2HBr + K,S0,.

Rromide of  Sulphuvic  Hydrobromic Suiphats of
potassium. acid. acid. potassium.

Hydrobromic acid gas is colorless, pungent and irritat-
ing, and fames in the atmosphere. Hydrobromic acid of
commerce should contain 34 per cent. of anhydrous acid,
and 95 parts should saturate 20 parts of dry carbonate of
potassium.t If sulphuric acid be present it will give a
precipitate with solution of chloride of barium. Hydro-
bromic acid should perfectly evaporate. The salts of
hydrobromic acid are bromides, some being extensively
used in medicine.

Hydrochloric Acid.—Formula, HCI. Molccular weight,

36 37.
Synonyms.—Muriatic acid gas. Hydrochloric acid gas.
Hydrochloric acid gas is composed of equal volumes of

hydrogen and chlorine united by chemisn, thus:—

H,+Cl,=2TICL :

It is made for use in the arts by heating in a retort, equal
parts of sulphuric acid and chloride of sodium. The
reaction is expressed as follows :—

2NaCl 4+ H,80, = Na,80, 4+ 2IICL

Sodium Suiphuric Sodium Hydrochlorio
chloride. acid. sulpha.e. acid,

In this ease normal sulphate of sodium also is formed.
At a temperature of less than 200° €. (392° F.) only half
the hydrochlorie acid is liberated and the result is a resi-
duum of acid sulphate of sodium, thus:—

2NaCl + 11,80, = NaHSO, 4 NaCl + HCL

Clioride sulphuric  Ac’d sulphate Chloride  Hydrechloric
of souiuwm. acid. of sodium, of sodium. acid.

When the temperature rises above a certain point the
molecule of frec sodium chloride and the molecule of acid

tReport of the committee appointed by the American Pharma-
ceutical Associution, for the revision of the U. 8. P.
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sulphate of sodium are mutuaily decomposed, resulting in
the formation of another molecule of hydrochloric acid :—
NaHSO, 4 NaCl = Na,80, 4 HCL

Acid Sulphate Chloride Sulphate Hydrochluric
ot sodium. of sodium. of sudium. acid.

Hydrochloric acid gas is pungent, irrespirable and ex-
tinguishes flame. A pressure of 40 atmospheres at 10° C.
(50°F.), condenses it into a transparent liquid. It reddens
blue litmus paper, and when permitted to escape into the
atmosphere, seizes upon the moisture present with such
avidity as to form heavy fumes. When conducted into
water it is dissolved, a solution of 30 to 33 per cent. of
the gas in water coustituting

- Officinal Muriatic (Hydrochloric) Acid.

Synonyms.— Acidum Hydrochloricum. [Spirit of salt.)

This has the specific gravity of 1.160 and should be
perfeetly transparvent, although often ycllowish from the
presence of impurities. It has a suflocating odor and a
sharp, sour, corrosive taste. It fumes in the air and
evolves chlorine when heated with dioxide of manganese.

Tests.—If a residue remains upon cvaporation, fixed
impurities arc present, likely salts of sodium.  If diluted
with four times its bulk of water sulphide of hydrogen
should not produce a turbidity (absence of metals) ; with
chloride of barium a precipitate will follow if sulphurie
acid or a soluble sulphate is present.  Avrsenic is some-
times present in hydrochloric acid and may be detected
according to the German Pharmacopeeia as follows: “ Put
a few small pieces of pure zine into a rather long test-
tube, and introduce the hydrochloric acid, diluted with
two parts of water, which should fill about one-tenth part
of the tube; into the upper portion of the tube is placed
a pellet of cotton-wool saturated with a solution of acetate
of lead, aud the mouth of the vessel is covered with a
piece of white bibulous paper moistened with a solution
of nitrate of silver. After an active evolution of gas,
for half an hour, iu the absence of sulphurous or arseni-
ous acid, neither the cotton (sulphurous acid) nor the
paper (arsenious acid) should be blackened.” Hydrochl(:
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ric acid in concentrated form is a corrosive poison, only
less violent in its action than sulphuric and nitrie acids.
The effects upon the tissues are similar, and the antidotes
are the same as those named for sulphuric and nitric acids.

Diluted Muriatic Acid of the U. S. P. is made by
mixing four troy ounces of hydrochloric acid with suffi-
cient distilled water to make sixteen fluid ounces; this
has a specific gravity of 1.038. The salts of hydrochloric
acid are called properly chlorides, although they are
faniliarly known in commerce as muriates or even hydro-
chlorates.

Hydrocyanic Acid. —Formula, HCN (or HCy). Mole-
cular weight, 26.98.

Synoni Jm.—Pl‘lISSlc acid.

‘When the salt known as cyanide of mercury is heated
it decomposes, the metallic mercury being liberated and a
gas escaping which has the composition C,N, (cyanogen
gas). This gas contains, in each molecule, two molecules
‘of the acidulous radical (CN) of hydroeyanic acid. This
acidulous radical is often called cyanogen and represented
by Cy, therefore, we have the formula HCy, for hydro-
cyanic acid meaning cyanide of hydrogen. Anhydrous
hydroeyanic acid may be obtained by passing dry sulphide
of hydrogen over eyanide of mercury heated gently in a
glass tube, the gas beingled into a freezing mixture where
it condenses ns a colorless liquid.  This is very volatile,
possesses a feeble acid reaction and a powerful odor re-
sembling bitter almond oil or peach kernels. It is one of
the most fearful of known poisons, the inhalation of its
vapor being almost instantaneously fatal to animal life;
therefore, the utmost care must be used in experimenting
with it,} few being willing to run the risk of .its produc-
tion. When largely diluted it constitutes the—

Officinal Diluted Hydrocyanic Acid —This con-

tains two (2) per cent. of anhydrousacid,} and is made by

T Scheele who discovered this acid died suddenly while conducting
some investigation, and it is supposed that he was poisoned by the
vapor of the Cacid.

I Scheele's ncid contains from 3 to 5 per cent.
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distilling a mixture of ferrocyanide of potassium, sulphuric
acid and water, the reaction being mostly as follows :—
2K ,FeCy,+ 3H,80, = 6HCy + K,Fe,Cy, + 3K,S0,.

Ferro cyanide Sulpouric Hydrocyanic Potassio-ferrous Potassium
of potassium. acid. acid. ferro-cyanide. sulphate.

The distillation must be conducted slowly owing to the
tendency of the contents of the retort to “bump,” often
with sufficient violence to break the retort. This acid is
liable to decompose and turn black even though securely
sealed and protected from the light. This trouble, accord-
ing to experiments, may be overcome by adding aleohel
instead of water to the distillate,for the distillate is con-
centrated and must be reduced to the percentage required.
Hydrocyanic acid may be obtained by-the decomposition
of several cyanides. The U. S. P. recommends that 503
grains of cyanide of silver be added to a mixture of 41
grains of hydrochloric acid and one fluid ounce of water,
and after being well shaken together, permitted to settle,
when the clear solution may be decanted from the chloride
of silver which precipitates.

Tests.—In cases of poisoning by hydrocyanic acid the
characteristic odor of the acid is said to be usunally dis-
tinct and unmistakable about the mouth and nostrils of
the deceased, often perceptibly pervading the entire room.
This acid is detected chemically by several simple and
unmistakable reactions. With solution of nitrate of silver
it throws down a dense white precipitate, which blackens
by exposure to light, but not so rapidly as precipitated
chloride of silver, the odor of the acid disappearing if
the silver solution be in excess; it dissolves in boiling
nitric acid, (chloride of silver does not), and decomposes
at a red heat, yielding metallic silver ; chloride under the
same coudition simply fusing. Scheele’s test is to mix
the suspected liquid with a few drops of solution of fer-
rous sulphate and an excess of hydrate of potassium, then
stir well in a shallow vessel for ten or fifteen minutes;
this will form Prussian blue mixed with precipitated oxide
of iron ; the addition now of hydrochloric acid will dissolve
the oxide of iron, and if hydroeyanie acid is present will
leave a blue insoluble precipitate (Prussian blue). It
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must be remembered that hydrocyanic acid rapidly de-
composes in the stomach, and it is said is completely
destroyed within twenty-four hours after death. There-
fore the examination of the contents of the stomach can
not be deferred as with most other poisous.

Diluted Hydrocyanic Acid is often used as a poison.
Although necessarily weaker than the anhydrous it is
violent and rapid in its action, the vapor being sufficient
to occasion serious effects The writer inadvertently in-
haled the vapor while distilling the acid, and was suddenly
overcome by a depression, stupor, and inability to stand.
There was no pain or sensation of warning; fresh air
immediately removed the dizziness. The after effects
were not unpleasant.

Antidote—W hen prussic acid has been taken in suffi-
cient amount, its action is so rapid as to preclude the use
of antidotes of a chemical nature, authenticated instances
showing that it poisons even in the act of swallowing.
Tmmediately pour a stream of cold water from the height
of five or six feet upon the spine and back of the head of
the patient ; and artificial respiration may be resorted to
if there is any hope, and weak ammonia applied to the
nostrils. If there has been any cousiderable amount
swallowed there is no hope. Death will be almost instan-
taneous. Physicians and druggists can not be too cau-
tious regarding this substance so antagonistic to animal
life. It resembles distilled water in appearance, has an
agreeable peach-pit odor, is apparently harmless, and is
liable to be taken by children or others without execiting
suspicion. The salts of hydrocyanic acid are called eya-
nides and the cyanide of potassium is extremely poisonous
(see page 178), often being used with suicidal intention,
and the attempt is usnally a success.

Hydrosulphuric Acid.—Formula, H,S. Molecular
weight, 33 98. .
Synonyms.—Sulphide of hydrogen. Sulphuretted hy-
drogen.
This is a gas at ordinary temperatures, colorless, heavier
than air, three volumes dissolving in one volume of water
at ordinary temperature. It condensesat —74°C.(—101.2°
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F.) under the pressure of seventeen atmospheres into a
colorless liquid which fitezes at —85° C. (—121° F.) to a
mass resemlhug ice. It has a disgusting odor, resembling
rotten eggs, burns with a pale blue flame, and reacts
slightly as an acid, reddening blue litmus. It is found in
the waters of so- ~called sulphur springs, and imparts
to them the odor of putrid eggs.

Fig. 48.

Sulphide of hydrogen may be readily made as follows,
(fig. 48): Into the chemical flask A, place a few pieces
of sulphide of iron, and close the mouth of the flask with
a stopper fitted with the funnel tube B, and a bent glass
tube, which latter leads to the pneumatic trough ¢.  Now
pour through the funnel tube a mixture of sulphuric acid
one_ part, and three parts of water; the sulphide of hy-
drogen (gas) will be at once and regularly evolved, until
the sulplnde of iron is decomposed, or the sulphurlc acid
is saturated ; thus:—

F(S+H 50, = H,8 4 FS0,.
Sulphide Sulphmic Sn‘phide ot Sulpha(e
of iron. acid. hydrogen. of iron.

Sulphide of hydrogen is not used as a medicine if we
may except natural mineral waters. It is exceedingly
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deleterious and even poisonous if inhaled in large
amounts, and therefore should bé prepared in the open
atmospheve or under a flue with a good draft. Faraday
states that an atmosphcre which contains 1555 of this gas
will destroy the life of birds, and that dogs die when it
contains only g§y part. Sulphide of hydrogen forms
sulphides. | :

Lacgch{gcid.——Formula, H,C,;H,0,. Molecular weight,

Lactic acid is the principal acid of sour milk, and is
formed by fermentation of the sugar contained in milk
through the agency of caseine. It may be made by mix-
ing sugar, cheese and chalk together, and forming a thin
paste of the mixture with water; then permitting the
mixture to stand three or four weeks in a warm place,
occasionally stirring and supplying water to replace that
which evaporates. The mass is strained and the impure
crystals of lactate of calcium recrystallized from boiling
water, and decomposed by dilute sulphuric acid. The
mixture is filtered and the filtrate evaporated and purified
by solution in alcohol and filtration. The lactic acid may
be obtained of a syrupy consistence by evaporation.

Lactic Acid is a syrupy liquid of specific gravity 1.212
(U. S. P.) almost odorless, colorless, and is very sour to
the taste. It mixes with water, glycerin, or alcohol, in all
proportions. The most likely impurities are calcium salts
and sulphuric acid. The former can be shown by the
turbidness which results from adding oxalate of ammo-
nium to the acid diluted with four times its bulk of water.
Sulphuric acid, if present, will be indicated by the turbid-
ness which results by the addition of solution of chloride
of barium to diluted lactic acid. If the acid be of an
offensive odor, or of a dark color, organic impurities are
present. The salts of lactic acid are known as lactates,
and a discrimination must be made between-these salts
and mixtures of milk sugar with other substances which
are sometimes improperly called ¢ lactates.”
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Malic Acid.—Formula, H,C,H,0,. Molecular weight,
133.68.

Malic acid is found in the juice of many fruits, such as
greeun apples, gooseberries, currents, etc., and very abund-
antly in the stalks of garden rhubarb, existing as acid ma-
late of calcium, CaH,.2C,H3O;. It may be prepared by
digesting the juice of rhibarb stalks with lime, filtering
the mixture and evaporating the filtrate to the consistence
of a thin syrup. This is mixed with eight times its bulk
of alcohol, the precipitate collected in a muslin strainer
and pressed. The malate of calcium thus obtained is
decomposed with dilute sulphuric acid, filtered again, and
afterward the solution is evaporated to crystallization,
towards the last at a low temperature beneath the receiver
of an air pump.

Malic acid is deliquescent, and from this reason perhaps
is not used in medicine in the pure form. The German
Pharmacopeeia recognizes both a ferrated tincture of sour
apples, and a ferrated extract of sour apples. In each case
the preparation contains malale of iron in proportion to
the malic acid present in the fresh apples. Acetate of
iron is also present and results from fermentation of the
juice. Malicacid forms salts which are known as malates.

Nitric Acid —Formula, HNO,. Molecular weight, 62.89

Synonyms.— A qua-fortis. :

Nitric acid may be produced by passing electric sparks
through moist atmospheric air; also by burning many
substances in a mixture of oxygen and nitrogen ; by dis-
tilling a mixture of saltpetre, sulphate of copper and
alum ;t by passing an electric spark through a mixture of
oxygen and hydrogen and atmospheric air, and by the
decomposition of various nitrates. It is made practicallv
by distilling a mixture of equal weights of sulphuric acid
and nitrate of potassium, or nitrate of sodium, the
distillate being collected in a cooled receiver, nitric acid

T Geber prepared it in this manner.
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and acid sulphate of potassium tbisulphate of potassium)
being formed, thus:—

KNO, + H,80, = HNO, 4 KHSO,.
Nitrate of’ Sufphurlc Nit:ic Acid sulphate
potassium. acid. acid. of potassium.

As thus obtained we find nitric acid contaminated with
nitrogen’ peroxide (NO,), whiah gives a yellow color to
the commercial product. The specific gravity of nitric
acid, U. S. P,, is 1.42, it contains 69.96 per cent.of anhy-
drous nitricacid, and it is generally stated that an acid of
less or of greater strength than the above changes when
boiled (water or nitric acid separating) until it boils regu-
larly, an acid of specific gravity 1.42 then distilling.
Roscoe states that the constant boiling point of the pure
acid is 120.5° C. (248.9° F.), and that the acid has the
specific gravity of 1.414. Pure nitric acid is colorless and
fumes in the air. It possesses a disagreeable, peculiar
odor, and absorbs moisture from the atmosphere. It is
of specific gravity 1.559 (Kolbe), is very corrosive and
produces serions sores when permitted to come into con-
tact with the skin. The officinal nitric acid (specific grav-
ity 1.42), quickly colors the skin and nails yellow and if
sufficiently in countact with the skin, produces penetrating
wounds which are slow to heal.

Diluted Nitric Acid, U. S. P., is made by mixing three
troy ounces of officinal nitric acid with sufficient distilled
water to make sixteen fluid ounces. It has the specific
gravity of 1.068.

Tests and Impurities.—If a crystal of ferrous sulphate
(green vitriol) be placed in a test tube with a liquid which
is suspected of being contaminated with nitric acid, and
sulphuric acid be poured directly upon the crystal by
means of a pipette a reddish brown or even black color
will be produced where the two liquids are in contact, pro-
viding that nitric acid be present.

‘If nitric acid be diluted with five parts (by measure)
of water, and a solution of nitrate of silver be added, a
white precipitate will fall if hydrochloric acid be present.
If the diluted acid be mixed with solution of nitrate of
barium, a white precipitate will follow if sulphuric acid
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be present. Ifa dry residunm remain upon evaporation
of nitric acid, fixed impurities are present.

Nitric acid is a corrosive poison, decomposing the tis-
sues when swallowed, and destroying life with the most
terrible of sufferings.

Antidotes.—Either calcined or carbonate of magnesium,
or solution of one of the carbonated alkalies, embracing
carbonate of sodium and bicarbonate of sodium, or lime
water, are antidotes, one of which must be given imme-
diately, and followed by either milk, gruel, oils, or mu-
cilaginous drinks. Tn case the chemical antidotes can
not be obtained at once, administer the oils and viscid
drinks, which act by enveloping the poison. It must he
remembered that nitric acid destroys the tissues, and if
the acid be concentrated and the dose be large, the mem-
branes of the throat and stomach are actually decomposed
at once, and all hope of ultimate recovery must be aban-

doned.
Nitro-Hydrochloric Acid. Nitro-Muriatic Acid.

This is a mixture of nitric and muriatic acids, made
according to the U. S. P. by mixing three parts, by weight,
of nitric acid with five parts of hydrochloric acid. This
mixture liberates chlorine, and will dissolve the noble
metals, gold and platinum, hence the old name, aqua
regia, from this property of dissolving gold, the king of
metals. There are other products of' decomposition of
little general interest, inasmuch as the chlorine in nascent
form is the active agent. The reaction which results up-
on mixing the acids, may be explained as follows:—

2HNO, + 6HCI = 2NOCl, + 4H,0 + Cl,.

Nitric acid. Hydrochloric Chloronitric Water.  Chlorine.
acid. acid gas.

Nitro-hydrochloric acid should be mixed twenty four
hours before use. Tt is a corrosive poison, and the treat-
ment and antidotes are the same as those recommended
for poisoning by nitric acid.

Diluted Nitro- Muriatic Acid, U. S. P., is made by mix-
ing one and one-half ounces of nitric acid with two and
one-half ounces muriatic acid, permitting the mixture to
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remain twenty-four hours, then bringing it to the measure
of sixteen fuid ounces by means of distilled water. ‘Lhis
should be kept in a cool place.

Nitrous Acid.—Formula, HNO,. Molecular weight,
46.93.
Nitrous acid may be made by passing nilrogen trioxide
into ice cold water, thus:
N,0, + H,0 = 2HNO,.

Nitrogen Water Nitrous
trioxide. acid.

This is a beautiful blue liquid, but not permanent, for
upon warming, decomposition ensues as follows :
3HNO, = HNO, + 2NO + H,0

Nitrous Nitric Nitric Water.
acid. acid. oxide gas 7/

When nitrogen trioxide is passed into warm water,
nitric acid and nitrogen dioxide result, thus:
3N,0, 4+ H,0 = 2HNO, + 2N,0,.

Nitrogen Wauter. Nitric Nitrogen
trioxide. acid. dioxi

Nitrous acid is not used in medicine in the free state,
but nitrite of ethyl (C,H,NO,), is the chief ethereal in-
gredient of spirit of nitrous ether. Although nitrous
acid is so uunstable, the salts of nitrous acid known as
nitrites are permanent.

Oleic Acid.—Formula, C,;H,,0,. Molecular weight,
281.38.

Oleic acid is obtained from mauy liquid oils by saponi-
fication and decomposition of the resultant soap by means
of tartavic or hydrochloric acid ; the separated fatty acids
are then digested with oxide of lead some hours at a
temperature of 150° F.  This produces lead salts of the
mixed fatty acids, from which the oleate of lead is dis-
solved with ether, the solntion filtered and then decom-
posed with hydrochloric acid. The chloride of lead is
separated by filtration of the ethereal solution and the
oleic acid is obtained from this by evaporation of the
ether. Oleic acid is tasteless, odorless, and colotless when
pure. - It is oily, has the specific gravity 0.898 at 19° C.

b
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(66.2° F.), dissolves freely in alcohol and in ether, but
is insoluble in water. Oleic acid forms salts, thus—
KC, H,;0, is oleate of potassium, and Pb2C, H;,;0,
is oleate of lead. Soft soap is chiefly oleate of potassi-
um, and hard soap is ehietly oleate of sodium. There
are many other compounds used in medicine which con-
tain salts of oleic acid, as oleate of mercury and the va-
rious lead plasters and lead ointments.

Oxalic Acid.—Formuls, H,C,0.,2H,0. Molecular
weight, 125.70.

Oxalic acid is found in the juices of certain plants in
the form of oxalates, most especially the oxalis or sorrel
grasses. Oxalic acid is made artificially in immense
quantities by the action of nitric acid upon sugar, or of
alkalies upon sawdust. Oxalic acid crystallizes with two

. molecules of water, the water being expelled by a gentle

heat, anhydrous oxalic acid (H,C,0,) remaining. Ifthe
heat be increased until decomposition takes place, formic
acid and carbon wmonoxide, carbon dioxide and water
result. Crystals of oxalic acid are colorless, transparent,
and dissolve in eight parts of water at 15.5° C. (59.9° F.)
or in their own weight of hot water. Oxalic acid is very
sour and strongly acid in reaction. When solution of
oxalic acid or ot the soluble oxalates is added to solution
of chloride of calcium oxalate of calcium precipitates.
This is white, and if the precipitate does not dissolve upon
the addition of acetic acid, it is an excellent test for
oxalic acid, free or combined, (acetic acid dissolves
phosphate of ecalcium). The so-called salt of sorrel
(KHC.0,, H,C,0,,2H,0), as sold upon the market for
removing ink stains, is often simply oxalic acid. Oxalic
acid is a powerful poison. .

Treatment and Antidotes.—Make a creamy mixture of
prepared chalk and administer it in doses of from a table
spoonful to half a teacupful every ten minutes. Solution
of ferrous sulphate ég‘reen vitriol) may be resorted to if
the chalk can not bé obtained, (ozalate of iron is insolu-
ble). In all cases evacuate the stomach as quickly as
possible by means of a stomach pump. “In after treat-
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ment (in the stage of collapse) warmth should be applied
and stimulants administered”’-Taylor. Do not give soluble
alkalies or their carbonates, for oxalates of the alkalies are
soluble and are equal in poisonous effects to oxalic acid.
Oxalic acid acts usually with extreme rapidity, and if
fairly absorbed into the system we may consider that
death is almost inevitable.

Phosphoric Acid—(Normal or Ortho-phosphoric Acid.)
Formula, H,PO,.  Molecular weight, 97.80.

This may be made by dissolving common phosphorus
in diluted nitric acid, or by the action of concentrated
nitrie acid upon red (amorphous) phosphorus. Also from
boune ash, which is chiefly a tri-calcium phosphate. It is
not advisable to prepare this acid from ordinary phospho-
rus unless the operator has proper appliances and the use
of steam, and cven then care must be exercised. Phos-
phoric acid is sometimes made by dissolving glacial phos-
phoric acid in water and then adding nitric acid to the
solution and heating until red vapors cease to be evolved
(See U.S. P. 1870, p. 71.) Thisacid should not be used,
as glacial phosphoric acid of commerce is very impure.
The reaction which takes place between phosphorus and
dilute nitric acid, whereby phosphoric acid is produced,
may be explained as follows :—

3P, + 20HNO, + 8H,0 = 12H,PO, + 20NO.

Phos- Nitric Water. Phosphoric Nitric
phorus. ~acid. acid. oxide.

Phosphoric acid is reduced to a syrupy consistence by
evaporation which is. the most convenient form for gen-
eral use, although the Pharmacopeeia (1870) recognizes
only a very dilute acid. It may be obtained in the form
of crystals by exposing a concentrated solution to a low
temperature.

Diluted Phosphoric Acid, U. S. P.—This has the
specific gravity 1.056, is colorless, inodorous, and one
hundred grains of it are saturated by twenty-three and
four-tenths grains of bicarbonate of potassium, the solu-
tion remaining clear. Diluted phosphoric acid has a
pleasant acid taste and a strong acid reaction. It should

™\
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mix in all proportions with solution of ferric chloride
without precipitation.

Impurities.—The most objectionable impurities likely
to be present are the acids of arsenic, (from the phospho-
rus or the acids employed). Sulphuric acid is often pres-
ent when the acid is made from bone ash; metals, from
carelessness in preparation; and metaphosphoric acid, if the
acid be made from glacial phosphorie acid. Iu this latter
case sodium phosphate is also likely to be a contamination,
as glacial phosphoric acid is often mixed with this sub-
stauce.

Tests.—Pass sulphurons acid (sulphur dioxide) through
the warm dilute phosphoric acid, then boil the solution ;
this will rednce the arsenic acid (if present), forming
arsenious acid. Then pass sulphide of Lydrogen into the
liguid and a yellow precipitate will fall (trisulphide of
arsenic) ; filter, and the solution will be free from arsenic.

Add solution of albumen to a little diluted phosphoric
ucid, a gelatinous precipitate indicates meta-phosphoric
acid. This impurity is also shewn if a gelatinous precipi-
tate vesults from mixing dilute phosphoric acid with
officinal tincture of chloride of iron.  Mix equal bulks of
dilute phosphoric acid with dilute nitric acid, and add a
few drops of solution of barium nitrate, a white precipi-
tate shows the presence of sulphuric acid. In the absence
of arsenious acid, if a few drops of solution of perman-
ganate of potassinm be added to dilute phosphoric acid
and the mixture be boiled, it will decolorize if phos-
phorous acii be present. Phosphorous acid, if present, will
also render dilute phosphoric acid turbid when boiled
with a few drops of corrosive sublimate solution.—
(Hoffman). Pass sulphide of hydrogen into dilute phos-
phoric acid and a yellow precipitate will indicate arsenious
acid ; a brown or black precipitate, copper, lead or tin.
Subsequent filtration will separate these elements. Phos-
phoric acid is tribasiec (H;PO,) and forms three classes ot
salts, one, two or three atoms of hydrogen being displaced
by metals. As examples we mayv name trisodium phos-
phate (normal phosphate of sodium), Na,PO,+2H.,0.
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Disodium phosphatet (hydrogen disodium phosphate),
HNa,PO,+12H,0. Monosodium phosphate (Dihydro-
gen sodium phosphate), H,NaPO,+4-H,O.
Meta-phosphoric aced HPO, has the composition of
ordinary phosphoric acid deprived of a molecule of water.
It may be made by heating crystallized ortho-phosphoric
acid to redness, thus:—
H,PO, = HPO, 4+ H,O.

Ortho-phos-  Meta-phos- Water.
phoric acid.  phoric acid.

Solution of meta-phosphoric acid is colorless, sour and
precipitates solution of albumen, chloride of calcium and
ferric chloride. The salts are called meta phosphates, but
are not used in medicine.

Pyro-phosphoric Acid H,P,0,.—This acid may be
made by heating crystallized ortho-phosphoric acid very
carefully to the temperature of 213° C. (415.4° F.) at
which point two molecules of the acid give off one mole-
cule of water, thus :—

?H,PO, — H,O0 = H,P,0,.

Ortho-phos- Water. P\ ro-phos-
phoric acid. phoric aeid.

Tt may be produced dilute by heating phosphate of sodium
to redness, which forms pyro-phosphate of sodium
2HNa,PO, = H,0 4 Na,P,0,,
l'hosphulco? Water. Pyro-phosphate
sodium. of sodiuwm.
then dissolving it in water and precipitating the solution
with lead acetate. The precipitate of pyro-phosphate of
lead is to be washed well with water, and decomposed
with sulphide of hydrogen, and the solution filtered to
free it from the sulphide of lead. Pyro-phosphoric acid
is colorless, inodorous and sour. It precipitates solution
of nitrate of silver, while ortho-phosphoric acid does
not, and does not act upon solution of albumen or solu-
tion of chlovide of calcinm (meta-phosphoric acid pre-
cipitates both). The salts of this acid are called pyro-
phosphates, one, the pyro-phosphate of iron, rendered

1 This isthe ordinary phosphate of sodium of commerce, and officinal.
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soluble by means of citrate of ammonium, being used in
medicine.

Hypophosphorous Acid.—Formula, HH,PO,. Mole-
cular weight, 65.88.

This acid is made by boiling milk of lime and phos-
phorus together; phosphoretted hydrogen gas escapes,
and hyphophosphite of calcium is formed.

; = 2

P, Wade T Boaonid?  Bepepheaomie? Troummesdied
rus. of calcivm. of calcium. hydrogen.
Filtration will now separate the soluble hypophosphite
of calcium from the free lime, and by exactly neutralizing
the solution with oxalic acid hypophosphorous acid is liber-
ated. This is now to be again filtered from the insoluble
oxalate of calcium and the solution of hypophosphorous
acid concentrated by gentle evaporation. In this manner
it may be reduced to a syrupy consistence. Hypophos-
phorous acid may be made according to Prof. Proctor’s
formula by dissolving 480 grains of calcium hypophos-
phite in 6 ounces of water, and mixing the solution with
a solution of 350 grains of oxalic acid in three ounces of
water, filtering, washing the magma of oxalate of calcium
(see page 70, for direction for washing precipitates)
with a little water, and afterward evaporating the
mixed filtrates to the bulk of eight and one-half fluid
ounces. This will make a 10 per cent. solution of hypo-
phosphorous acid. Hypophosphorous acid is seldom or
never obtained in a pure state, owing to the fact that it
readily absorbs oxygen. It is recorded that explosions
have been known when concentrating this acid by evapo-
ration. The hypophosphorous acid of commerce is
dilute, the usual strength being 10 per cent. It has a
sour pleasant taste, is inodorous and forms salts known as
hypophosphites. When hypophosphorous acid is strongly
heated it decomposes into phosphoretted hydrogen and
phosphoric acid, thus:

9H,PO, = PH, + H,PO,.
Hypophosnhorous Phosphoretted — Phosphorie
acid. Hydrogeu. acid.

1)



114 CHEMISTRY OF MEDICINES. -

The solution of both hypophosphorous acid and the
salts of hypophosphorous acid reduces solutions of thesalts
of gold and silver, the metals precipitating and phosphoric
acid remaining.

Phosphorous Acid (TI,HPO,) is not used in medi-
cine. It is made by burniug phosphorus in a limited sup-
ply of dry air whereby phosphorus trioxide (P,O,) is
produced, aud this when thrown into water combines
with it, forming phosphorous acid, thus:—

P,0, + 3H,0 = 2H_PO,.
Phosphorus Water. 'hosphorvus
trioxide. ucid

It may be also made by the decomposition of trichlo-
ride of phosphorus by means of water. Phosphorous acid
is of interest to pharmacists and physicians, since it may
be present in diluted phosphoric acid which was made
with an insufficient amount of nitric acid. (See detection
p- 111.) Phosphorous acid forms salts which are known
as phosphites.

Pyrogallic Acid.—Formula, C;H O;. Molecular weight,
125.70.

This substance is prepared by heating gallic acid,
whereby at the temperature ofi about 210° C. a sublimate
appears ; this is pyrogallic acid. Itis of a white feuthery
appearance and has feeble acid properties. Pyrogallic
acid does not precipitate solution of gelatin. It dissolves
in alcohol, ether or water, but is insoluble in chloroform ;
it has an acrid bitter taste and forms a blue solution with
ferrous sulphate (green vitriol), and a red solution with
ferric chloride. Pyrogallic acid is only occasionally used
in medicine, but enters into the composition of many hair

dyes.
Pyroligneous Acid.

This is not a definite acid, but is a miXture of sub-
stances obtained by the destructive distillation of wood
within close retorts. It is composed of creosote, acetic
acid and other products of the decomposition, in varving
proportions, forming a dark colored liquid which rises
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upon the tarry products of the distillation. This liquid
(so-called pyroligneous acid), has a strong penetrating
smolke-like odor and an acrid disagreeable taste. It is a
powerful antiseptic, and if a small proportion be added
to water it will prevent the decomposition of tlesh that is
dipped into the solution. It is occasionally used in medi-
cine diluted, as a wash, but the chief use of it at present
is the production of acetic acid.

Sa,]_icylio Acid.—Formula, H,C,H,0,. Molccular
weight, 137.67.
This substance derives its name from salicin, from
which it was originally prepared. It is made in large
amounts by a patented process, whereby solution of caus-
tic soda is mixed with carbolic acid and the mixture
evaporated to dryness. This is then heated to 100° C.
(212° F.), and while a constant stream of carbon dioxide
passes through the mixture the temperature is inereased
until it reaches 250° C. (482° I7.). Much carbolie acid
distills and the contents of the retort after the reaction,
consists of basic salicylate of sodium, which may be
decomposed by means of hydrochloric acid, and the
salicylic acid afterward purified. Wintergreen oil con-
sists mainly of mecthyl-salicylic acid, or at least it may be
easily separated into methyl-alcohol and salicylic acid, the
result being a very pure acid.

Preparation.—Dissolve three parts of white caustic
potash in two parts of water in a glass or porcelain vessel;
heat to 82° C. (179.6° F.), and stir into it three parts of
wintergreen oil (pure), then pour the mixture into sixty-
four parts of cold distilled water previously mixed with
eight parts of hydrochloric acid, (all proportions by
weight). A mass of silky white crystals of salicylic aeid
will separate, which needs only to be drained, dissolved
in aleohol and recrystallized. ~ Salievlic acid scarcely dis-
solves in cold water, but is soluble to a considerable
extent in warm water. It dissolves freely, and without
residue, in alcohol and in ether. Borax increases its solu-
bility in water, but the solntions soon decompose. Ferric
chloride is a delicate test for salicylic acid, producing a
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deep red or violet color as the solution of salicylic acid is
concentrated or dilute, and even very dilute solutions turn
distinetly pink. Either acids or alkalies destroy this
color. The salts of salicylic acid are known as salicylates,
the sodium salicylate being used in medicine. Neither
salicylic acid nor salicylate of sodium should possess the
odor of carbolic acid.

Silicic Acid.—Formula, H,SiO, or 8i(OH),. Mole-
cular weight, 95.84.

This acid is not known in a pure state. It corresponds
with a molecule of silicon dioxide (SiO.), united with
two molecules of water, thus :—

8i0, 4 2H,0 = H,SiO,.

8ilicon Water. 8ilicic
dioxide. - acid.

As with sulphurous acid (H,S0;) and carbonic acid,
(H,COys), both of which have a strong tendency to split
up into water and the oxide, so it is with silicic acid.
Thus we find that even slight evaporation will decompose
all three as explained by the following equations: —

H,S0, = H,0 4 S0,.

bulphurous Walter. qulphur
acid. dioxiue.
H,CO, = H,0 + CO,.
Can oomo Wal.er Carhon
acid. dioxide.
H,Si0, = 2H,0 + S8i0,.
Silicic Water. 8ilicon
acid. dioxide.

Preparation.—To a dilute solution of silicate of sodium
(soluble glass) add an excess of hydrochloric acid. This
wiil produce chloride of sodium and silicic acid. By
dialysis the excess of hydrochloric acid and the chloride
of sodinm may be separated, thus giving us a clear solu-
tion of silicic acid.

Properties.—Solution of silicic acid prepared as above
has a slight acid reaction, but is almost or quite tasteless.
Tt can be somewhat concentrated by boiling in a close ves-
sel, l)ut soon decomposes. A five per cent. solution gela-
tinizes in a few days. When dried over sulphuric acid a

™
M
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glass-like suostance remains of the composition H,SiO,,
which has been named meta-silicic acid.  Silicie acid is
not wused in medicine, but a salt of it, silicate of sodiam
(soluble glass) is sometimes employed in surgery or chemi-
eal experiments. The salts of silicic acid are known as
silicates.

Succinic Acid—Formula, H,C,H,0,. Molecular
weight, 117.72.

Succinic acid is produced by the distillation of amber,
but it is found in several plants and occasionally in ani-
muals. It may be made by fermentation of malic acid
as follows: Crude malate of calcium is mixed with
water, and yeast,or old cheese, when succinate of caleinm
forms, which by decomposition with dilute sulphuric acid
yields succinic acid and sulphate of calecium. To prepare
it from amber place coarsely powdered amber in a glass
flask which is closely connected with a large cooled re-
ceiver. The flask must be entirely surrounded with sand.
Apply heat by means of a sand-bath and increase it to
500° F. and continuc it as long as vapors of acid are
evolved. 'The product will be oil of amber, acetic and
succinic acids.  The most of the succinic acid condenses
in the neck of the flask, and it may be purified by repeated
solutions in water, filtration, and crystallization.

Properties.—Succinic acid is white, odorless, slightly
soluble in cold water and very soluble in boiling water.
As found in commerce it is often of a dirty brown color
and has a disagrecable odor of amber oil, being totally
unfit for use. Succinic acid forms soluble salts with the
slkalies ; these arc known as succinates. ' ‘

Sulphocarbolic Acid.—Formula, HC,H,S0,. Mole-
cular weight, 173.64.

Synonyms :—Phenol-sulphonic acid. Phenyl-sulphuric
acid.

This acid is made by mixing equal weights of sulphu-
ric and carbolic acids and heating to 50° C. (122° F.)
This produces what is known as ortho-sulphocarbolic acid.
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If the heat be increased to 149° C. (300° F.) a molecular
change takes place, para-sulphocarbolic acid being formed.
These acids are not known in an absolute state, but are
always contaminated with free sulphuric acid and carbolic
acid.  Sulphocarbolic acid forms salts known as sulpho-
carbolates, and by the crystallization of such the acid may
be obtained united with a base. It decomposes, however,
when liberated from such combinations.

Sulphuric Acid.—Formula, H,SO,. Molecular weight,
97 82.

Synonym,—Oil of vitriol.
This acid is a compound of sulphur trioxide SO, (sul-
phur peroxide) and water, thus:—
SO, + M,0 = H,S0,.

Sulphur Water. Sulph.ric
trioaide. acid.

Sulphuric acid is manufactured in enormous quantities
in all civilized countries, and is consumed in almost every
branch of industry. It has been known since a very
early day, deriving the name oil of vitriol from the fact
that at first it was produced as an oily liquid, by distilling
vitriol (sulphate of iron). Sulphuric acid is practieally
mazle by passing sulphur dioxide into a leaden chamber,
in connection with steam, air, and nitrous fumes. The
reaction may be explained as follows :—

NO, + 80, + H,0 = I,S0, + NeC

Nitrogen Sulphur Water. Sulphuric Nitvie
peroxide.  dioxide. acid. oxide.

The nitric oxide (NO) thus liberated seizes upor free
oxveen of the atmosphere, and forms nitrogen peroxide
(NO,) again, thus:—

2NO 4 0, = 2NO,.

Nitric Oxygen. N.trogen
oxide. peroxide.

Theoretically a limited amount of nitrogen peroxide
should produce an indefinite amount of sulphurie acid, as
it (NO.) simply acts as a carrier of oxygen from the atmo-
sphere to the sulphur dioxide. TIn practice, however,
this is not the case, for the air admitted to the chamber
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, contains  four-fifths of its bulk of nitrogei, and as the
nitrogen escapes from the chamber to make room for
fresh supplies of air, a portion of all the other pases is
lost with it. Thus we find that in the practical manu-
facture of sulphuric acid, the vapors of burning sulphur,
nitrous fumes, steam, and atmospheric air are constantly
passing into the leaden chamber.t This vesults in an
aqueous solution of sulphuric acid and after some time
the liquid is drawn off and evaporated to this proper con-
sistency in glass or platinum.

Properties—Sulphuric acid of commerce is colorless,
odorless, and as prepared in accordance with the U. S. P.
of the specific gravity of 1.843. It contains 79 per cent.
of sulphur trioxide (SO;) and 96.8 per cent. of pure sul-
phuric acid, (H,SO,). It isone of the strongest of

~acids, especially attacking those organic bodies that con-
tain water, or the elements of water (oxygen and hydro-
gen,) and decomposing them with ease.  Thus, wood is at
once blackened by it from liberation of carbon, and flesh
is destroyed by actual disintegration. Sulphurie acid
unites with water, the mixture contracts and much heat is
liberated. Thesalts of sulphuric acid are called sulphates.

-Diluted Sulphuric Acid, U. 8. P., is made by gradually
mixing two troy ounces of sulphuric acid with enough
distilled water to make the mixture measure a pint, then
after twenty-four hours filtering through paper. The
specific gravity will be 1.082.

1t Some prefer to expluin the reaction as follows: The steam and
sulphur dioxide unite to form sulphurous neid thus:

S0,+H,0=H,50,,
while the action of sulphuric acid on nitrate of potassium produces
nitric acid, thns:
. 2KNO,+H,80,=K,S0,+2HNO,.
These substances pass together into the chamber and the reaction
which follows may be explained as follows:

31,80, +2HNO,=3H,S0, +H,0HNO)..
Undoubtedly bhoth nitric acid and nitrogen peroxide are evolved
from the saltpetre, and therefore, we may possibly accept both of the

explanations, but there is every reason Lo believo the reaction is
much more complex.
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Pure Sulphuric Acid (H,SO,)can not be made by evapo-
ration or distillation, for even if officinal sulphuric acid
is distilled, the last third of the distillate will contain two
per cent. of water. However, if this is cooled, crystals
of pure sulphuric acid separate, of the specitic gravity
1.854 at 0° C. (32° F.)

Fuming Sulphuric Acid.—This is known as Nordhauseu
sulphuric acid, and was made before sulphuric acid wau
produced from sulphur. Tt derives its name from Nord-
hausen where it was first prepared, being made by roast-
ing green vitriol and then distilling. It is in reality a
solution of sulphur trioxide (SO;, anhydrous sulphuric
acid) in sulphuric acid. It is generally of a brown color,
of the specific gravity 1.86 to 1.89 (R. & S.), and gives
off sulphur trioxide (SO,) which immediately unites with
the vapor of the atmosphere to form sulphuric acid, dense
white fumes exhibiting themselves, thus:—

SO, + H,0 = H,S0,.

Sulphur Water. Sulphuric
trioxide. acid

From this reason the acid is known as fuming sulphu-
ric acid. Some prefer to call this acid disulphuric acid
H.,S,0,, and indeed salts of this composition can be
made, as for example disulphate of sodium Na,S,0,.

Tests and Impurities.—Sulphuric acid, or the solution
of a soluble sulphate, will throw down a white precipi-
tate (sulphate of barium) npon the addition of a solution
of chloride of barium, which precipitate will not dissolve
in nitric or in hydrochloric acid. (Sulphite of barium
dissolves upon the addition of these reagents.)

Lead is sometimes present in sulphuric acid. It may
be shown by mixing one part of sulphuric acid slowly
with four or five parts (all by meusure) of alcohol, when,
if lead is present, a white turbidity, or precipitate, will
follow.

. Arsenic, often an impurity of sulphuric acid, may be
detected by Marsh’s test. Sulphurous acid will decol-
orize a strip of blue iodide of starch paper, if suspended
above the suspected acid in a close bottle ; and ozides of
nitrogen will cause, under like conditions, a blue colora-

AT



ACIDS, 121

tion to appear upon paper which has been moistened with
jodide of potassium and starch solution.

Sulphuric acid, when much diluted, has an agreeably
acid taste, and is occasionally used in hot weather as a
cooling drink. Concentrated sulphuric acid is a power-
ful poison. It decomposes the membranes of the throat
and stomach, and may even destroy life before reaching
the stomach. It is the most fearful of the corrosive min-
eral acids, and if a large dose has been swallowed, the
effects can not be antidoted, for it actually disintegrates
the vital organs with which it comes into contact.

Treatment.—Chalk made into a milk with water should
be freely administered, or mixtures of carbonate or cal-
cined magnesia with water. Solution of carbonate of
sodium or bicarbopate of sodium in milk or water is
of value, and such drinks as gruel, and linseed oil mixed
with lime water, milk, etc., to mechanically envelop the
poison. For reasons before stated, little hope of recovery
need be entertained if a large dose has been swallowed.

Sulphurous Acid.—Formula, H,S0,. Molecular weight
81 .86. . oe o - .

Sulphurous acid is made by passing sulphur dioxide
into water, thus:

80, + H,0 = H,S0,
Sulphur%lioxide. Water. Sulphumious ucid.

Sulphurous acid is not known in a pure state, for when
its solution in water is evaporated, the acid decomposes
into water and dioxide of sulphur.

Preparntion.—Heat in a glass retort a mixture of sul-
phuric acid eight parts, and powdered charcoal one part,
and pass the gas into cold water. The reaction is shown
by the following equation :— :

4H,80, + C, = 2C0, 4 4H,0 + 450;.

gulphuric  Carbon. Carhon Wacer. Sulphur
acid. o dioxide. dioxide.

The sulphur dioxide is absorbed by the water to form
sulphurous acid, in the manner previously explained. -
broperties.—-Solution of sulphurous acid is colorless;
its vapor is irritating and suffocating when inhaled. 1t is
11
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not corrosive, evaporates readily, and for this latter rea-
son must be securely stopped. It also absorbs oxygen
with avidity, which is another inducement for excluding
the atmosphere, as it passcs, in this case, into sulphuric
acid, thus:—
2H,80, 4+ O, = 2H,S0,.
Sulphurous acid.  Uxygen. Sulpliuic acid.

Sulphurous acid forms salts known as sulphites, which
evolve sulphurous acid upon addition of hydrochloric
acid, or dilute sulphuric acid, and which may then be
recognized by its odor. To a solution of a neutral solu-
ble sulphite add a solution of chloride of barium, and a
white precipitate will fall, which will dissolre upon the
addition of hydrochloric acid.  (Sulphate of barium will
not dissolve.)

.

Tannic Acid.—Formula, C, H, O,. Molccular weight,
321.22.

This is obtained from nutgalls by extracting the pow-
dered galls with ether, which has been agitated with water,
and subsequently evaporating the ether. The tannin will
remain as a light porous amorphous substauce of a green-
ish or brownish color. Taunnic acid from nutgalls is freely
soluble in water, aleohol; glycerin, or in ether which is
mixed with alcohol or-which contains water, (washed
ether). It is very astringent and the aqueous solution
has an acid veaction. Tt precipitates most alkaloids as
insoluble, or almost insoluble tannates; also in like
manner the salts of most metals. Solutions containing
gelatin are precipitated by taunin, consequently gelatin
is an excellent agent to separate tannin from aqueous
solutions, and in most cases a shred of gelatin or raw-
hide will remove it in a few hours. Tannin of commerece
has a peculiar odor, which, according to Prof. Proctor, .
may be removed by treatment with beuzine. Tannic
acid precipitates solutions of ferric salts, bluesblack. Tan-
nic acid changes under the action of continued moisture
into gallic acid (see gallic acid), and hence is now some-
times called digallic acid. _

Tannins.—There are a multitude of tannins. The oak
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bark tans leather, and produces blue-black precipitates
with fecric salts, but (distinction from tannin) will not
yield pyrogallic acid. Most plants contain a tannin in
some part of their organism, and but few of these princi-
ples agree in all characters. Some plants contain two
distinet tannins. As a means of classification it is cus-
tomary to speak of tannins as yielding blue or green
precipitates with ferric or with ferrous salts; even this is
indefinite and uncertain, for a variation in the proportion
of the taunin, or even the influence.of the acid with
which the iron is united, will modify the reaction or render
it perfectly unreliable. Some tannins are comparatively
permanent, others, like tannin from nutgalls, are easily
decomposed. Of the chemical constitution of the tannins
we know but little.

Tartaric Acid.—Formula, H,C,H,0,. Molecular
weight, 149.64.

Tartaric acid exists in many fruits. It is a constituent
of grapes, and in small amounts is found in many roots,
barks and herbs, where it exists either free or as the acid
tartrate of potassinum, KHC,H,O,. When the juice of
grapes is permitted to ferment the acid tartrate of potas-
sium separates in consequence of its insolubility in an
alcoholic menstruum, and adheres to the sides of the
cask in the form of an incrustation, (known as argol or
crude tartar). This is dissolved and then decomposed by
means of carbonate of ealcium, and the tartrate of cal-
cium thus formed is in turn decomposed with sulphuric
acid. This gives rise to sulphate of ealcium and solution
of tartaric acid, which is separated from the sulphate of
calcium by filtration. The solution of tartaric acid is
afterward evaporated until the tartaric acid crystallizes.

Properties.—Tartaric acid will dissolve in its weight of
cald water and in half its weight of boiling water ; alco-
hol dissolves one-third its weight. Its crystals are color-
less and odorless, have a sharp sour taste and do not
contain water of crystallization. It unites with bases to
form both acid and neutral salts known as tartrates.
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Impurities and Tests —Inorganic salts may be shown
by dissolving the acid iu six parts of alcohol ; admixtures
will remain undissolved.. If it contuin caleium salts a
dilute solution of the acid previously neutralized with
ammonia will precipitate white with solution of oxalate of
ammonium.

Sulphates are shown by a white precipitate when a dilute
solution of tartarie azid is mixed with a little solution of
nitrate of barium. Metallic impurities, such as copper o1
lead, are threwy down when its aqueous solution is treated
with sulphide of hydrogen.

Valerianic Acid.—Formula, HC,H,O,. Molecular
weight, 101.77.

Valerianic acid (valeric acid) was first found in valerian
root, and from thence derived its name. It has also been
obtained from other plants, and at present is artificially
prepared in quantities (none of the true is in market),
being produced from amyl aleohol; thus with caustic
potash the process is expiained by the following equation.

C,H,,0 + KOH = KC,H,0, 4 2H,.
Amyl

Caustic Valerianate Hydrogen.
_alcohol. potassium. of potassium.

It is usually made from a mixture of dichromate of
potassium, sulphuric acid, amyl alcohol (fusel oil), and
water. The .reaction is violent, however, withont extra
precautions, and as the odor of this acid is very offensive,
few care to experiment with it. The modern name for
valesianic acid is isopentoic acid, or isopropyl-acetic acid.

Properties.— Valerianic acid is thin, colorless, oily, and
offensively disagreeable in odor to most persons, either in
large or small amount. It dissolves freely in alecohol, and
this solution is almost odorless. It is also very soluble
in water; and a few grains will give the odor to a con-
siderable amount of water. Valerianic acid differs con-
siderably in specific gravity and other properties, in ac-
cordance with its orvigin. The salts of valerianic acid are
called valerianates. .

Impurities and Tests.—This acid must dissolve in from
26 to 30 parts of twater. If it dissolves in a less amount



CHLORINE. 125

than 26 parts, it is contaminated either with alcohol,
acetic acid, or butyric acid. (Hoffmann.) If it requires
more than 30 parts, the acid contains impurities less sol-
uble in water than valerianic acid. Neutralize a solution
of valerianic acid with an alkali, shake the mixture with
ether, filter, and allow the ether to evaporate spontane-
ously, and amyl alcohol, valeric aldehyde, or neutral
ethers will, according to Allen, remain after the ether has
escaped.

-~ CHLORINE.
Symbol Cl. Atomic weight, 35.37.

Scheele discovered chlorine in 1774, and named it
“ dephlogisticatel marine acid gas,” from the fact that he
prepared it from marine acid (hydrochloric acid). Berthol-
let afterward endeavored to prove that it was a compound
of hydrochloric acid gas and oxygen, but Davy (1810)
disproved his assertion. Chlorine derived its name from
its greenish yellow color (named by Davy). It is always
found in combination in nature, but in this form exists in
immense amounts, notably combined with potassium,
sodium or magnesium. Sodium chloride constitutes the
largest part of the solid constituents of the waters of the
ocean, of the waters of many inland lakes, and is feund in
brine springs, and as rock salt is found in immense beds
in many countries. The chlorides of the alkaline and the
alkali earth metals are found in both animal and vegeta-
ble organisms and seem necessary to health and existence.
Chlorine gas is most easily prepared by warming hydro-
chloric acid with manganese dioxide, the operation being
explained as follows :—

4HCI 4 MnO, = CI, + MnCl, 4 2H,0.

Hydrochloric Manganese Chlorine  Manganous Water.
acid. dioxide. gas. chloride.

Ezxperiment.—Place one part of powdered manganese
dioxide in a chemical flask capable of holding sixteen
parts, and pour upon it six parts of hydrochloric acid
previously diluted with half its weight of water. Con-
nect the flask by meansof a rubber stopper perforated
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and fitted with a glass tube, with two wash bottles, the
first of which contains two parts of distilled water, the
second, four parts of sulphuric acid. TFrom the second
wash bottle a tube passes to the bottom of a bottle filled
with air. Heat must now be gently applied to the flask,
by means of an alcohol lamp or gas jet, and a steady flow
of chlorine will follow. When the air in the receiving
bottle is displaced by chlorine, the heat must be removed
from the geuerator. If chlorine be inhaled, the result is
a distressing irritation, therefore, it is advisable that the
experiment be conducted beneath a good flue, or in the
open air, and the connections must be secure and tight.
If the chlorine be conducted into cold distilled water, it
is dissolved to a great extent, and when the water is satu-
rated with the gas the result is aqua chlorinii, or chlorine
water of the Pharmacopeeia.

Chlorine has the atomic weight, 35.37. It is a trans-
parent greenish-yellow gas of a disagreeable suffocating
odor. It li%ueﬁes under the pressure of' six atmospheres
at 0° C. (32° F.) or at the ordinary pressure of the
atmosphere when it is reduced to —34° C. (—29.2° F.)
Chlorine is not inflammable and does not unite directly
with oxygen. It unites directly with hydrogen, hydro-
chloric acid resulting, thus:—

Cl, + H, = 2HCL

This affinity for hydrogen explains the bleaching power
of chlorine, for the chlorine decomposes the water present,
unites with the hydrogen, and the oxygen which is liber-
ated in a nascent state, oxidizes and destroys the coloring
matters. If a jet of burning hydrogen be thrust into a
jar of chlorine gas, the combustion continues attended
by the evolution of both light and heat; the product is
hydrochloric acid. If finely powdered metallic antimony
be sprinkled into a jar of chlorine gas, the particles form
a shower of sparks, the two elements uniting to produce
chloride of antimony. A piece of filtering paper saturated
with oil of turpentine bursts into a flame when it is
plunged into a jar of chlorine gas. The chlorine decom-
poses the oil, unites with the hydrogen and liberates the
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carbon. Chlorine unites with many metals to form chlo-
rides. A definite hydrate, CL.5H,0O, is produced when
chlorine gas is passed to saturation into water just above
0° C. (32°F.) Thisis a solid crystalline compound and
is known as chlorine hydrate. The solution of chlorine
in water has a greenish color and smells strongly of
chlorine. - A portion of the water decomposes by age, the
chlorine uniting with its hydrogen to form hydrochlorie
acid, with liberation of oxygen, thus:—
2Cl, + 2H,0 = 4HC®+ O,.

Chlorine. Water.  Hydrochloric Oxygen.
acid.

There are three compounds of oxygen and chlorine, all
made by indivect processes, as the two elements refuse to
unite directly. They are:—

CI,0. chlorine monoxide, or hypochlorous oxide.
Cl,0,, chlorine trioxide.
Cl1,0, or ClIO,, chlorine tetroxide.

There are four compounds of chlorine with oxygen and
hydrogen, known as the ozy acids of chlorine, they are :—
HCIO hypochlorous acid. HCIO, chlorous acid.

HCIO, chloric acid. HCIO, perchloric acid.

Chlorine combines directly with carbon and other ele-
ments in certain organic compounds, for example chloro-
form, CHCl,, and such do not precipitate a solution of
silver nitrate. We have cousidered the compound formed
of chlorine and hydrogen (hydrochloric acid), under the
acids, and shall study the chlorides which are used in medi-
cine, under the respective electro-positive element with
which chlorine is united to form each compound. In the
section of our work devoted to organic chemistry, chloral
hydrate, chloroform, ete., will be considered.

Tests for free Chlorine.—If a solution containing free
chlorine be mixed with a solution of ferrous sulphate and
potassinm snlphocyanide, a red color results. It a solu-
tion of chlorine, free from nitrous acid, be mixed with a
solution of iodide of potassium and starch paste, a blue
color at once vesults.  Ozone also gives this reaction,

Tests for Soluble Chlorides.—Mix solation of nitrate of
silver with the solution of any chloride, (chloride of sodi-
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um for example) ; a white precipitate results. Decant the
supernatant liquid, add excess of strong nitric acid and
boil; the precipitate remains. Decant the acid, add
ammonia water in excess to the precipitate, and solution
results.

Tests for insoluble Chlorides.—Boil calomel, for ex-
ample, with solution of caustic potash; permit the result
to settle ; decant the clear solution and then add to it nitric
acid until in slight excess. This will give a solution of
chloride of potassiugy which may be detected by the fore-
going test for soluble chlorides.

+ BROMINE.
Symbol, Br. Atomic weight, 79.75.

Bromine was discovered by Balard, in 1826, who ob-
tained it from the mother liquor of sea-water from which
salt had been separated. Bromine does not occur free in
nature, usually being combined with the alkaline metals,
or the metals of the alkaline earths, forming bromides. The
source of supply was formerly certain salt springs of
Europe, and the potash beds of Stassfurth. Now the
United States is supplied from the mother liquors of the
salt springs of the Kanawha river, in this country. The
preparation of bromine is very simple: the mother liquor
of the salt springs is mixed with sulphuric acid and black
oxide of manganese, in stone retorts, and heat is applied.
This liberates chlorine, which reacts upon the soluble
bromides present, decomposes them, with liberation of
bromine and production of chlorides. The bromine dis-
tills, and is condensed. Bromine is Jiquid at ordinary
temperatures, mercury and bromine being the only ele-
ments of which this ean be said. It is black in bulk, but
when shaken against the sides of the bottle, shows in thin
layer a deep ruby red color. It is three times as heavy
as water, having a specific gravity 3.1872. At —22° C.
(—7.6° F\) it solidities. It is volatile, evolving heavy
red fames when exposed to the air, and these are very

_._irritating to the eyes, throat, and lungs. The best anti-
' ste for the effects of inhaled bromine is to breathe ammo-
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nia vapor, and it is customary for workmen to keep a
vessel of ammonia water convenient while working with
bromine. Bromine produces a painful sore, if it be per-
mitted to come into contact with the skin. In such cases
the part attacked should at ouce be washed with dilute
ammonia water, and then treated with oil or bland ce-
rates. A small amount of the vapor of bromine in the
air reminds one by its odor of chlorine, and it bears a
close resemblauce to that element ip other respects.
Bromine bleaches organic bodies, but less energetically
than chlorine. It combines directly with potassium with
violence, but does not affect metallic sodium at ordinary
temperatures. :

When bLromine is dissolved in water-t imparts an
orange-red color, and when a saturated solution is made
at just above 0° C. (32° F.) a definite crystalline body re-
sults, of the composition BroH,0. Bromine water de-
composeg_readily if exposed to sun-light, hydrobromic
acid being formed, and oxygen being liberated. Bromine
and hydrogen unite to form hydrobromic acid (HBr), but
this compound is treated of under acids, to which the
reader is referred.

Bromine and Chlorine, or Chloride of Bromine, has
been used by physicians. Under this name a mixed solu-
tion of the two substances is prepared. The composition,
however, of “ bromide of chlorine” is in doubt. The so-
lution is made by mixing oue part of bromine with sixty
parts of cold water, and passing chlorine gas into it until .
the bromine disappears and a dark-red solution is formed.
Chloride of bromine has an intensely irritating odor, and
is said to be a powerful caustic. The compounds of bro-
mine with single elements are known as bromides. There
is no known oxide of bromine.

Tests for Soluble Bromides and Bromine.—If a solution
of nitrate of silver be mixed with a solution of a bromide,
a yellowish precipitate results. Decant the solution, add
dilute nitric acid and warm ; the precipitate remains, and
ammonia water in slight excess partially dissolves it.
Todides give the same reaction. To the solution of a
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bromide add chlorine water cautiously, care being taken
to avoid an excess. Bromine is liberated and chlorine
takes its place, a red, or yellowish-red solution resulting.
Add a small amount of chloroform, or carbon disulphide,
and agitate; the bromine is dissolved and the layer of
lower solution will contain it, being colored red or yel-
lowish in proportion to the bromine present. Decant
the overlying aqueous solution, suspend a slip of moist-
ened starch paper in the test-tube, and warm gently ; the
paper becomes yellow, which color disappears when the
paper is exposed to the air .

IODINE.
Symbol I. Atomic weight, 126.53.

In the year 1812, M. Courtois, of Paris, discovered
iodine in the mother liquor of the soda-salts prepared
from kelp. The name was derived from the violet color
of its vapor. Todine occurs in nature comhiRd with
other elemenits, chiefly potassium, sodium, and calcium,
forming iodides. The waters of the ocean are its great
reservoir; it is obtained from the ashes of sea weeds.
Sponge also yields iodine, and at one time the ashes (burnt
sponge) were used in medicine. From the mother liquor
of the lixivated ashes of sea weeds, iodine is obtained
by processes similar to that mentionedfor making bromine.

Todine is found in commerce as bright, black or bluish-
gray plates, and is sold under the name re-sublimed iodine.
It has the specific gravity 4.948, melts at from 113° to
115° C. (235.4° to 239° F.) When heated it boils at 200°
C. (392° F) giving rise to violet vapors, and from this
fact, as we have said, the element derived its name.
Todine is a bad conductor of electricity. It dissolves
sparingly in water, but freely in solution of iodides and
in alcohol, yielding brownish-red solutions. ~Todine acts
energetically upon many volatile oils. ~With oil of juni-

er the compound has a greenish or yellowish color, being
}znown as iodized oil of juniper. The chemical relations
of iodine are with chlorine and bromine. If iodine im-
parts a red or a deep yellow color to pure water, the
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presence of chlorine may be inferred. The important
characteristic of iodine is the power it possesses of strik-
ing a deep blue color with starch paste. This experiment
is illustrated by boiling a few grains of starch with a
little water, and adding a drop of tincture of iodine to
the solution. In this connection it must be remembered
that the iodine must be free and the starch granules burst
and in solution. This fact may be illustrated by adding a
few grains of iodide of potassium to a little starch paste ;
there will be no coloration, but the addition now of a
little chlorine water at once produces a deep blue color
by liberation of iodine.

The compound of iodine and hydrogen, hydriodic acid
(HT), has been considered under the head of acids. Chlo-
rine forms, with iodine, two compounds, iodine mono-
chloride (ICl), and iodine trichloride (ICl;). Neither
is used in medicine. Iodine combines with bromine, to
form a&)mpouud which is used in medicine under the
name—

Bromide of Iodine.—This is uscd in form of solution,
and is made by rubbing one part of iodine into a paste
with a little water, then mixing with it two parts of
bromine, and when the iodine is dissolved diluting the
solution to 60 parts. (Wittstein). Some prefer a more
concentrated solution. Solution of bromide of iodine
decomposes by exposure to light, hydrobromic and hydri-
odic acids being formed and oxygen evolved. The
medicinal eompounds of iodine with the metals are con-
sidered in their proper place. Todine unites with oxygen
to form pentozide of iodine (I,0;), and this in turn com-
bines with water to form iodic acid, thus:—

1,0, + H.0 = 2HIO,.

Tests for Soluble Iodides.—1st. Mix a solution of an
iodide with a little thin starch paste, and acidulate the
mixture with hydrochloric acid. Now add a little solu-
tion of nitrite of potassium ; if a trace of iodine be pres-
ent a blue color results in a few seconds ; if the iodine is
present in appreciable amount the blue color appears
immediately,
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2d. To a solution of one part of sulphate of copper,
add a solution of two and one-half parts of ferrous sul-
phate. Mix this with a neutral solution of an iodide; a
white precipitate of cuprous iodide (Cul) results. This
serves to distinguish an iodide from chlorides and bro-
mides, as they do not respond to the test. .

Test for I'xree Iodine.—1It will be observed that the
first #est results in liberation of iodine, which is detected
by starch paper. In all cases where free iodine is present
a blue color is produced with starch paste, or starch paper.

FLUORINE.
Symbol F. Atomic weight, 19.1.

The element which gives rise to the fluorine compounds,
has never been isolated. Numerous attempts with the
object of its identification have been made, and by the
most careful experimenters, but all resulted in complete
failure. Fluorine combines with hydrogen, siticon and
the metals with avidity. From this reason when the ele-
ment is liberated from combination it at once unites with
the vessel which contains it, even if such be platinum,
glass or carbon.  Fluorine is remarkable for the fact that
as yet it has never been made to combine with oxygen,
and thus stands isolated from all other elements. There
is no compound of fluorine of interest fronr a therapeuti-
cal point. It unites with the metals to form fluorides of
which the fluorides of the alkaline earths are insoluble in
water. Fluorides combine among themselves to form
double fluorides, and as a rule the fluorides dissolve in
hydrofluoric acid.

Hydrofluoric Acid (HF) is of interest since its solution
in water forms the well known liquid employed to etch
upon glass. It'is a very dangerous substance to experi-
ment with in a concentrated form. The inhalation of its
vapor is dangerous, and it is a matter of record that Prof.
Nickles, of Naples, lost his life from accidentat exposure
to it. .Ordinary hydrofluoric acid is a solution of the
pure acid in water. It is made by acting upon the min-
eral fluor spar (CaF,), with sulphuric acid, and passing
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the liberated hydrofluoric acid into water. For this pur-
pose a leaden still is employed, and the solution of hydro-
fluoric acid is afterward retained in rubber bottles. Great
care must be employed in its preparation lest the operator
inhale the fumes.

Hydrofluoric acid, if anhydrous, is colorless and volatile
and (%‘oes not act upon glass. If moisture be present, how-
ever, the glassis corroded. Itis very soluble in water. The
{.)n'operty hydrofluoric acid possesses of etching glass may

e exemplified by placing a little powdered fluor spar in
a leaden cup and covering the cup with a waxed plate of
glass, through the wax of which a figure is seratched with
some hard blunt instrument. Pour a little sulphuric acid
upon the fluor spar and in a short time the glass will be
corroded where the wax is removed. The hydrofluoric
acid is produced as follows :—

CaF, + H,80, = 2HF. 4+ CaSO0,.

Fluor Sulphuric Hydiofla. Calcium
Bspar. acid. oric acid. sulphate.

The experiment must he performed under a good flue,

or in the open air, as it is necessary that the operator
should not inhale the vapor. :

OXYGEN.
Symbol O. Atomic weight, 15.96.

Oxygen is the most abundant of the elements. It
forms (in combination) 88.87 per cent. by weight of all
the water of the globe, and as a gas 23 per cent. of the
weight of the air. It enters into the composition of the
rocks, earths and metallic oxides which compose the solid
parts of the earth, and forms a large part of all organic
substances both animal and vegetable. Oxygen was dis-
covered in 1774, by Priestly, and obtained by heating red
precipitate. The name is derived from two words mean-
ing I produce sour. The name was given it by Lavoisier
who believed that all acids contained oxygen, (see acids).

Althongh oxygen is free in the atmosphere to the extent
of nearly one-fourth the weight of the air, it is ob-
tained from some body which parts with it at a moderate
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temperature. For this purpose the black oxide of man-
ganese, mercuric oxide, or chlorate of potassium, may be
employed. In experiments it is very ecasily made as
follows (fig 49) : :

Eia. 49.

Mix two parts of powdered black oxide of manganese
with three parts of powdered potassium chlorate, and
place a portion of the mixture in the small chemical flask
A, or even a large test tube, and connect this by means of
a glass tube with the pneumatic trough B.  Heat the
flask with a spirit lamyp, ¢, until the gas passes regularly,
then permit it to flow into the receiving bottle. In this
experiment the black oxide of manganese and the chlorate
of potassium must be well dried. Half an ounce of the
mixtnre will be sufficient to fill a quart bottle with oxygen,
In this experiment the whole of the oxygen is given off
from the chlorate of potassium, chloride of potassium
remaining, thus:—

2KCIO, = 2KCl + 30,.

Potassium  Potassinm Oxygen.
chlorate, chloride.
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The object of the adnjixture of the manganese dioxide
is for the purpose of liberating the oxygen at a low tem-
perature. It has been practically demonstrated that this
mixture liberates oxygen at less than the boiling point of
water, while from either pure chlorate of potassium or
manganese dioxide, a high heat is required. The expla-
nation of this fact is not satisfactory, some believing that
a higher oxide of manganese is constantly formed at the
expense of the oxygen of the potassium chlorate, and that
this is reduced in a continuous manner, while others
prefer to consider it as an example of catalytic attion
(see catalysis, page 71). -

Oxygen is colorless, odorless, and tasteless, and has the
specific gravity of 1.1 when compared to air. The natu-
ral condition of the element is in the form of a gas. It
was liquefied simultaneously in 1877 by Pictet and
Cailletet, independently of each other. For this purpose
a temperature of —130° C. and a pressure of 475 atmo-
spheres was required. Oxygen is absorbed by many
metals when in the molten state, and is given off by
them upon cooling. When oxygen unites with a metal,
the compound is termed an oxide. Some metals form
several definite oxides.

Oxides and their Composition.

Elements differ from one another with regard to the
number of oxygen atoms with which they combine. The
terms which we apply to individual oxides have reference
to the number of oxygen atoms in combination with an
atom or atoms of the other element.

Monoxides.—These contain one atom of oxygen ; thus
as examples we may name—

D O S Potassium monoxide.
Na,O...cceer wieeeerneene.Sodium monoxide.
Li,O...cccvevvevennrnnene. Lithium monoxide,
BaO...... ccceeer ceveeee. Barium monoxide.
CaO...... ceeseseses eesesess Calcium monoxide,
MgO ..... N Manganese monoxide.

Dioxides.—These contain two atoms of oxygen, and as
examples we may name—
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BaO,, barium dioxide. .

Sr0,, strontium dioxide.

PbO,, lead dioxide.

Trioxides.—These contain three atoms of oxygen, thus :

Au,0,, gold trioxide.

Ir,0,, iridium trioxide.

Bi,O;, bismuth trioxide.
It will be noticed that each of the above-named trioxides
contains two atoms of the electro-positive element united
with three atoms of oxygen. To such compounds the
prefix sesqui is often applied, meaning one and one-half.
Thus it will be observed that one and one-half atoms
of oxygen appear to be combined with one atom of
metal in each compound, for—

Au,0; + 2= AuO, ,.,.

Ir,0,” + 2= I:0," )}

Bi,0, + 2= BiO, ..

According to our view of the atom, this compound can
not exist, as we consider the atom indivisible ; therefore,
the molecule of each sesquioxide consists of three atoms
of oxygen united with two atoms of the other element—
in reality, one and one-half times as many atoms of oxy-
gen as there are of the electro-positive element.

Sesquiozides may then from this view be considered as
intermediate between monoxides and dioxides. Formerly
the term sesqui was universal. At present even it is
extensively used ; for example :—sesqui-oxide of ironm,
Fe,O;. Trioxides are also compounds in which one
atom of a metal is combined with three atoms of oxy-
gen, thus:—

WO,, tungsten trioxide.

UO0,, uranium trioxide.

S0O,, sulphur trioxide,

MuO,, manganese trioxide (hypothetical).

Tetrozides.—These contain four atoms of oxygen com-

bined with the metal, thus:—

V,0,, vanadium tetroxide.
Sb,0,, antimony tetroxide.
Bi,0,, bismuth tetroxide.
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Pentoxides.—These consist of molecules which contain
five atoms of oxygen united by chemism with the electro-
positive element, thus:—

Bi,0;, bismuth pentoxide.
Ta, 05, tantalum pentoxide.
N,O;, nitrogen pentoxide.
P,0;, phosphorus pentoxide.

Double Ozides or “saline oxides” may be regarded as
the union of two oxides, thus:—
MoO 4 Mu0O, = Mn,O,.
Manzanese Manganese  Manganoso-manganic

monoxide. dioxide. oxide, or Manganese
sesquioxide.

FeO + Fe,0, = Fe,0,.
Iron Iron Ferroso-terric
monoxide. sesquivxide. oxide.

In properties, oxides differ very much. Some readily
give off oxygen when heated, lower oxides remaining.
Others, gold and silver for example, part with their
oxygen completely, the metal remaining. The oxides of
some metals are volatile (ruthenium and osmium, exam-
ples) and can not be decomposed by heat. Others absorb
oxygen when heated in the air, formiug higher oxides.

Ic and Ous.—These terminations when applied to
oxides show that the element forms at least two classes
of oxides, ous terminating the lower and ic the higher,as:

{MnO ceeree srensienenes oooo. Manganous oxide.
MnO,.. coocveeeriiineeeee. WManguuic oxide.
{SnO......... ceerers seeeeenenStannous oxide.
SnO0,.ceeviiieer ecenueeeee . Stannic oxide.
CrO ....... ....et veeeeeeeeee..Chromous oxide.
{Cr203..........................Chromic oxide.

A glance at the foregoing will show that oxides which
terminate in ous, contain less oxygen in proportion to
the mctal than those which terminate in 2c. This rule
follows with the corresponding line of salts from éach
class of oxides. *

Per, the prefix. This is applied to the oxide of an
element which contains more oxygen than the basic oxide.
The prefix per is old, having been once used by chemists

12 '
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in contra-distinction to profo, where an element formed
two classes of oxides that formed salts. Proto, in these
cases, was applied to the oxide which contained the least
oxygen, thus:—
Protoxide of iron was ........... .oeeee. FeO.
Peroxide ot iron was......................Fe,0,.

The prefix proto usually corresponded with our termi-
nation ous, meaning lower. The prefix per usually cor-
responded with our termination ic, and was applied to
the higher class. It was customary to speak of the “sul-
phate of protoxide of iron” (now ferrous sulphate), and
“sulphate of peroxide of iron” (now ferric sulphate,) ete.
(See salts.) For convenience the oxides have been divided
into three classes.

Classes of Ozides.

These are basic oxides, perozides, and acid-forming
ozides.

Basic ozides, (alkaline oxides).—These neutralize acids

~and form compounds which are known as salfs, thus :—

K,0 + H,80, = K,S0, + H,0.

Potas-ium  Sulphuric Potassium W ater.
. monoxide. acid. sulphate.
Again —
Ca0 + H,S0, = CaSO, + H,O0.
Calcium Sulphuric Calcium Water.
oxide. acid. sulphate.

Basic oxides also unite with water to form the class of
bodies known as hydroxides or hydrates, thus :—
Ca0 + H,0 = Ca(OH),.

Caleium ‘Water. Caleium
monoxide. hydroxide.

K,0 4+ H,0. = 2KOH.

Potassium oxide. Water. Potassium hydroxide.

Fe,0, 4+ 3H,0 = Fe,(OH),.
Ferric Water. Ferric
oxide. hydroxide.

Hydrozides in turn are decomposed by acids to form
salts with liberation of the water, thus :—
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2KOH + H,80, = K, 80, + 2H,0.

Potassium  Sulphuric Potassium Water.
hydroxide. acid. sulphate.

Ca(OH), + H,S0, = CaSO, 4 2H,0.
Calcinm Suiphuric Calcium Water.
monoxide. acid. sulphate.

Tt will be found that in many instances hydroxides are
in practice used in preference to basic oxides, for making
salts or the hydroxide only can be used as in making
citrates of iron.

Peroxides (higher oxides or neutral oxides) contain
more oxygen than basic oxides. They do not readily
neutralize acids to give rise to salts, and their oxygen is
in part given off when they are heated. As examples of
peroxides we may name :—

Ba0,, peroxide (or dioxide) of barinm.
MnO,, peroxide (or dioxide) of manganese.
PbO,, peroxide (or dioxide) of lead.
Acid-forming oxides (acid oxides) unite with water to
form substances which are either acids or have acid prop-
erties, thus :—

S0, + IHI,0 = H,S0,.
Sulphur trioxide.  Water. Sulphuric acid.

N,0, 4+ H,0 = 2HNO,.
Nitrogen pentoxide. Water. Nitric acid.

Examples of this class of oxides are shown oy the
acid-forming oxides of the nitrogen group of elements,
and of the antimony group. We may state that this
division of the oxides into three classes can not be accepted
as a rule. There are oxides which may be either base or
acid, and which under certain conditions act as the one,
and again in the opposite manner. Thus while it is cus-
tomary for chemists to apply the terms we have defined
to indicate classes, it can not be considered that they are
always appropriate. As examples of the exceptions we
may cite manganese dioxide, MnO,, or lead dioxide, PbO,,
each of which possesses both feebly basic and feebly acid
properties, and both of which are classed with the neutral
oxides. The student must bear in mind, therefore, that
while we may, for convenience, refer to oxides as of these
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three divisions, there is no dividing line. The oxides pass
from the strongly alkaline potassium and sodium oxides
to the strongly acid sulphur trioxide and phosphorus
pentoxide, without a sharp line of demarkation. It is
unfortunate that such a number of terms requires expla-
nation. The steps through which our science has passed
are marked by names that should be obsolete, but which
the student of the present must consider.

Oxygen unites with carbon, hydrogen, sulphur, etec.,
and if the temperature be high enough such combina-
tion is accompanied with both light and heat. This is
true of metals as well, and the phenomenon is termed com-
bustion. Thus it is common to say that oxygen is a
supporter of combustion, and that these bodies burn in
oxygen. The fact is, however, that when the surfaces of
the two bodies reach a certain temperature, combination
ensues, and thus a jet of oxygen may be apparently made
to burn in an atmosphere of hydrogen gas. The experi- .
ments with oxygen are usually given much prominence in
school chemistries by reason of their brilliancy. Thus, a
piece of fine iron wire tipped with sulphur, which is then
ignited, burns with dazzling scintillations if it be thrust
into a jar of oxygen. The result is black oxide of iron,
Fe,0,. :

If a small piece of phosphorus be lighted, and held in
a jar of oxygen, combustion ensues apparently throughout
the entire globe. This results from the combustion of the
vaporized phosphorus. At last the globe is filled with
dense white fumes of phosphorus pentoxide P,O,. This
experiment is best performed in a bell glass of oxygen
over water,

It a sliver of wood be lighted and the flame extin-
guished and the sliver with the red coal which remains
be thrust into oxygen gas, flame is at once re-produced
by reason of the heat generated from the increased chemi-
cal action. Under certain conditions oxygen assumes a
form which is recognized by scientists as—
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Qzone (active oxygenj.——F ormula, O,.

This modification of oxygen has a peculiar odor and
received the name ozone (I smell), from this fact. Ozone
was discovered by Schonbein, in 1840, although previous
to that (1785) Van Marum, had noticed that oxygen gas
through which a discharge of electricity had been passed
would tarnish mercury and was possessed of an odor.

Ozone may be easily made by the slow oxidation of
phosphorus, the experiment being best performed by plac-
ing in a glass jar water sufficient to partly immerse a stick
of phosphorus, which is placed upon the bottom of the
jar. Agitate the container occasionally, and in a short
time the presence of ozone may be determined by the
liberation of iodine from iodized starch paper.f Ozone
is formed when a series of electrical sparks is passed
through oxygen, and doubtless during thunder storms the
electrical discharge is always produetive of ozone in the
atmosphere. When barium dioxide (BaO,) is decomposed
by means of sulphuric acid, the oxygen liberated contains
a portion of ozone, thus :—

- 3H,80, + 3BaO, = 3BaSO, 4+ O, + 3H,O.

Sulphuric acid. Barium dioxide. Barium sulphate. Czone.  Water.

In reality but a small part of the oxygen thus freed is
ozoue, as the larger share of the reaction is expressed as
follows :—

2H,80, + 2Ba0, = 2BaSO, + O, + 2H,O0.
Sulphusic aeid. Bariuin dioxide. Bariuw sulphate. Oxygen. Water.

Ozone is also produced and dissolved by many essential
oils during the process of oxidation. Ozone has been ac-
septed as a molecular form of oxygen containing three
atoms (OQ,) in each molecule. When ozone is formed the
oxygen contracts by one-third its volume, and it is sup-
posed that three molecules (or volumes) of oxygen
unite to form two molecules (or volumes) of ozone ac-
cording to the following equation :—

1 R. and §, p. 194.

1 This is properiy iodide of potassium and starch paper, a process
for the preparation of which is given under fests for ozone.

~
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30, = 20,. Or, 30, = 20,0. .
Oxygen. Ozone. Oxygen, Ozoue.

This theory is farther supported by the fact that two
volumes of ozone heated to 237° C. (458° F.) yield three
volumes of oxygen. Other lines of investigation most
carefully performed gave the same result, and we may
accept as a fact that ozone is an allotropic form of oxygen,
differing from ordinary oxygen in the number of atoms
contained in each molecule. In consequence of this some
choose to designate the afom of oxygen by the name
oxygen, and to call the ordinary form of oxygen oxide of
oxygen, OO, and to thus derive the name peroxide (higher -
oxides) of oxygen for ozone, OO,.

Properties.—Ozone has a strong and very peculiar odor,
is one of the most powerful of oxidizers, and will even
destroy gutta-percha. It parts with one atom of oxygen
during oxidation, the bulk of the gas remaining un-
changed.t Blood is decolorized by ozone, albumen is
destroyed, and most metals are oxidized, while alcohol
C,H,O, is changed to aldehyde C,H,O. It is slightly
soluble in water, and quite soluble in certain volatile oils.
When hydrogen dioxide (H,0,) is mixed with ozone, both
bodies decompose at once, oxygen and water resulting,
thus : —

0, + H,0, = H,0 + 20,.
Ozone. Hydrogeu dioxide. Walter. Oxygen.

This fact, until explained, led certain chemists to be-
lieve in a form of oxygen which could unite with ozone
to form ordinary oxygen. To this the name ant-ozome
was applied, but the term is now obsolete as the so-called
antozone was shown to be hydrogen dioxide.

Test.—Ozone liberates iodine from iodide of potassium,
consequently it will change to blue, paper which is mois-
tened with solution of iodide of potassium in starch water.
To prepare this paper, mix one part of starch with 40
parts of water and bring the mixture to a boil. Then
dissolve in it one part of potassium iodide, and wet sheets

T This corresponds to the law of combination of gases by volume,
and it will be observed that the production of ozone from ordinary
oxygen also agrees with that law.
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of white porous paper with the solution and dry. When
this paper is moistened, ozone will chunge the color of the
paper to blue.

Ozxyhydrogen Flame.~When oxygen and hydrogen unite
water is produced, (see water). The combustion of pure
hydrogen in the air gives rise to this compound only.
The act of combination results in the liberation of much
heat with but little light. When a jet of oxygen gas is
thrown into a jet of burning hydrogen, the most intense
heat results, and this produces the oxyhydrogen Aflame.
In practice the two are conducted to a platinum tip or
nozzle and they mix together as they issue from the orifice.
The hydrogen is first turned on and ignited, then the
oxygen is admitted, thus overcoming danger of explosion.
The apparatus is known as the oxy-hydrogen blowpipe,
and within the pale blue flame iron burns like tinder and
even platinum melts as though it were wax. If a piece
of lime (calcium monoxide) be placed in the flame, it
assumes an intensely incandescent state, and the light is
known as the oxyhydrogen or Drummond light. Coal gas
is often used in place of hydrogen, but this produces an
inferior light. Sometimes the jet of oxygen is thrown
throngh the flame of an alcohol lamp ; this in common
lmwua«re is distinguished as the oa:ycalctum light.

SULPHUR.
Symbol, 8. Atomic weight, 31.98.

Sulphur is found native in voleanic neighborhoods.
The compounds of sulphur with iron (F983 and with
copper and iron (CuFeS,) are known as iron and copper
pyrites. Galena (PbS) is a compound of sulphur and
lead ; cinnabar (HgS) is a compound of mercury and
sulphur ; and blend, (ZnS) of zinc and sulphur. The com-
pounds ofsulphm and metals, and sulphur, metals and oxy-
gen, occur over the entive globe, often in great quantities.
Sulphur is mostly obtained from Italy and Sicily, where
it is found in impurve masses throughout the voleanic
districts. To extract it, excavations in the ground are
filled with the ore and a fire is applied to the top of each
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heap. This fuses a part of the sulphur which collects at
the bottom o' the hole and is ladled out, the result being
crude sulphur.

Reflned Sulphur. Brimstone.

This is made by fusing crude sulphur and pouring it
into moulds. This in commerce is also known as roll
sulphur. If the liquid sulphur in mass is permitted to
cool, the broken lumps are known as block sulphur.

Flowers of Sulphur.

This is the ordinary sulphur of trade. Itis made by
heating crude sulphur to the boiling point, when it vapor-
izes and the vapor is led into a cool chamber where con-
densation eusues, a light vellow ervstalline powder result-
ing. The name flowers of sulphur was derived from the
regular and beautiful form of the figures produced by the
condensed vapor, after the manner of the frost figures

- (Howers) npon windows. A common error is that of
calling this form of sulphur, flowr of sulphur. Sulphur
is dimorphous, forming crystals of two distinct systems,
the rhombic and the monoclinie, and it assumes many
crystalline modifications of these.  Sulphur is lemon
vellow, tasteless and odorless. It melts at 1145° C.
(Brodie), forming a vellow solution and this solution solidi-
fies at the same temperature ; or it may remain fluid until
cooled to 111.5° C. Sulphur beils at 440° C, and the
vapor has a red color. It dissolves freely in carbon
disulphide, in certain oils, and in fats, and slightly in
alcohol, ether, and in benzine. If sulphur be melted and
the heat be gradually increased the liquid changes in
color to red, and when the temperature reaches 200° C.,
or 250° C, it becomes almost black, and thickens. If this
be now poured into cold water the vesult is a plasticelastie
mass known as amorphous or soft sulphur.  This is not
permauent, but in a few days becomes opaque, vellow and
brittle.  Soft sulphur is known as an allofropie form of
sulphur.  Sulphur is used in the arts and manufactories
in immense amounts. It is present in combination, as

™ sulphate of calcium, potassium, ete., in all soi's, and its
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compounds are found in both the animal and the vegetable
kingdom. Sulphur unites with hydrogen to form sul-
phide of hydrogen (sulphuretted hydrogen) or mono-sul-
phide of hydrogen ; H,S. This is described by us under
acids. (See hydrosulphuric acid, page 102)

Hydrogen Persulphide, H,S,.
This is the only other known compound of hydrogen

and sulphur, it is a yellowish oily body of no use in
medicine.

Sulphur and Chlorine.

There are three compounds of sulphur and chlorine, but
neither is of value in a medicinal sense. The monochlo-
ride is used as a solvent of sulphur in certain branches of
the arts. These compounds are:

Sulphur monochloride, S,Cl,.
Sulphur dicbloride, SCIl,.
Sulphur tetrachloride, SCI,.

One compound of sulphur and bromine is known
(82Br2) but it is of no practical use.

Sulphur Moniodide. Iodide of Sulphur, S,I,.

This is a gray solid of a metallic appearance, and which
breaks with a crystalline fracture. It is easily made by
warming in a flask a mixture of four parts of iodine and
one part of sulphur (U.S. P.) Iodide of sulphur evolves
iodine when exposed to the air. If it be boiled with
water, complete decomposition ensues and sulphur remains,
Todide of sulphur must be kept closely corked, in small -
vials.

Sulphur and Oxygen.
Sulphur unites with oxygen to form three oxides :

Sulphur dioxide (sulphurous anhydride or sulphurous
acid gar), SO,.

Sulphur trioxide (sulphuric anhydride), £0,.

Sulphur sesquioxide, 8,0,.

Two of thesc compounds are of great interest, inasmuch
13
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as each by combining with a molecule of water, will give
rise to an important acid, thus:

Sulphur dioxide, SO,+H,0==Sulphurous acid, H,S0,.
Sulphur trioxide, SO; + H,0 = Sulphuric acid, H,80,.

The formation and chemistry of bothoftheseacidshave
been discussed under acids of this work. Sulphur sesqui-
oxide is of no practical use, and it is not necessary for
us to describe it.

Tests for Sulphur.—Mix the compound with a little
pure carbonate of sodium, and fuse on a piece of char-
coal or platinum, by means of the blowpipe flame. Dis-
solve the mass in a little water, filter it, and warm in
contact with a bright silver coin. If sulphur be present
in the original compound, the coin will turn brown or
black.

Soluble Sulphides.—If hydrochloric acid be added to
the solutioun of a sulphide which can be decomposed by
that reagent, sulphide of hydrogen will be evolved, and
this will blacken a strip of paper moistened with solution
of lead acetate and suspended over the vessel. If the sul-
phide is not acted on by hydrochloric acid, add a piece of
pure zine, the sulphide of hydrogen will be at once evolved.

TInsoluble Sulphides are to be finely powdered, and fused
with a mixture of nitrate of potassium and carbonate of
sodium. This dissolved in water, filtered, and the filtrate
acidulated with hydrochloric acid, yields a solution of
sulphuric acid. If a solution of barium chloride be now
ad.(}iegl, sulphate of barium precipitates. (See sulphuric
acid.

SELENTUM.
Symbol, Se. Atomic weight, 78.0.

Berzelius discovered this element in 1817. Selenium
is found in small amounts, rather widely distributed in
certain minerals, as iron pyrites, copper pyrites and as
selenide of sulphur. It is obtained from the red deposit
found in the chambers of apparatus where iron and cop-
per pyrites are used in _making oil of vitriol. Selenium
assumes two forms. Oue is insoluble in carbon disul-
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phide, and is known as metallic selenium. The other dis-
solves in carbon disulphide, has no definite melting point,
and is known as amorphous selenium. Metallic selenium
melts at 217° C, and when cooled assumes the amorphous
form. It conducts electricity, and when it is heated in
the air burns with a blue flame, and evolves a disagree-
able odor resembling “rotton horse radish.” None of
the compounds of this element are used in medicine.

TELLURIUM.
Symbol, Te. Atomic weight, 128.00.

Tellurium is one of the rare elements. Richenstein, in
1782, examined the native ore and suggested the proba-
bility that it contained a new metal. His conclusion was
afterward supported by Klaproth (1798). This element
occurs native, and in combination with metals. The
process employed to separate it is of little interest to

harmacists, Tellurium crystallizes in form of rhombo-
ﬁedra, has a metallic lustre, a bluish-white color, and is
so brittle as to readily powder in a mortar. It burns with
a blue flame, dissolves in cold fuming sulphuric acid, and
it rapidly oxidizes in nitric acid. Tellurium has the
specific gravity 6.24 and melts at 500° C. It may be dis-
tilled in an atmosphere of hydrogen. The compounds of
tellurium with other elements are of no use in medicine,
and do not require notice from us.

NITROGEN.
Symbol, N. Atomic weight, 14.01.

Nitrogen was named by Chaptal, in consequence of the
fact that it js a component of saltpetre (nitrnm). Tt was
identified previous to that, by Rutherford, (1772), asa
constituent of the air. Nitrogen is easily prepared by
inverting a bell glass over a basin of water on the surface
of which a small vessel containing a piece of ionited
phosphorus is floating. The phosphorus burns and forms
phosphorus pentoxide, (P,0;), which exhibits itself as
dense white fumes, These are afterward absorbed by the
water. When the gas within the glass has become color-
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less, it is almost pure nitrogen, and the gas will occupy
four-fifths the space originally filled by the air. Nitrogen
may be obtained otherwise, but the above is most simple.

Nitrogen is a colorless, odorless and tasteless gas. It
does not support combustion and combines with but few
elements in a direct manner. TIts compounds formed
indirectly, are numerous. Some are the most violent of
explosives, others valuable in both the arts and in medi-
cine. Nitrogen forms four-fifths the bulk of the atmo-
sphere, serving as a diluent of the oxygen, the remaining
fifth. Its specific gravity is 0.9713. Water dissolves
it less readily than it does oxygen, and therefore the pro-
portion of oxygen in water is greater than that of oxygen
in the air. The albuminous bodies of both the animal
and the vegetable kingdoms contain nitrogen as an essen-
tial constituent.

Nitrogen and hydrogen unite to form ammonia (NHy),
but we shall study this body with the potassium group of
elements to which the reader is referred.

Nitrogen and chlorine unite to form a liquid which is a
most dangerous explosive, Dulong, its discoverer, losing
an eye and three fingers while experimenting upon it. A
small glass tube containing a few grains of the liquid also
exploded in Faraday’s hand, and the shock rendered him
unconscious. Sir Humphrey Davy also experienced a
fearful explosion and received some injury. Chloride of
nitrogen consequently has not been analyzed and it is not
used in medicine. Bromide of nitrogen is also an explo-
sive, and but little known. The dodides of nitrogen are
better known, but they explode violently even when
touched.

Nitrogen and Oxygen.
There are five oxides of nitrogen; as follows :—
Nitrogen monoxide (nitrous oxide) ....... .. N,O.

2
Nitrogen dioxide (nitric 0Xide).ceem coveerrenee N,O, or NO.
Nitrogen trioxide ....co.ec cevreer voviieiee unnne N,O,.
Nitrogen tetroxide (nitrogen peroxide)......N,0, or NO,.

Nitrogen pentoxide cooeiveieasieeeees cverennennnnn N, Oy
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None of the above are used in medicine. Three unite,
severally, with a molecule of water to form acids as

follows :— :
N,0 + H,0 = 2HNO.

Nitrous oxide. Water. Hyponitrous acid.
N,0, + H,0 = 2HNO,.
Nitrogen trioxide. Water. Nitrous acid.
N,0, + H,0 = 2HNO,.
Nitrogen pentoxide. Water. Nitric acid.

The foregoing acids are of interest and value as they
enter into combination with, or result from the decompo-
sition of many substances which are used in medicine.
They have been studied under the section of our work
devoted to acids.

The compounds formed by the union of nitrogen with
single elements are_known as nitrides,

PHOSPHORUS.
Symbol, P. Atomic weight, 30.96.

It is accepted that phosphorus was discovered by Brant,
in the year 1669. Phosphorus is very widely distributed,
always in combination. It is found in the ocean, the
waters of springs and rivers, and in all soils. It is an
essential constituent of the entire vegetable kingdom, and
phosphate of calcium is the larger part of the bones of
animals. It is likewise an indispensible component of
muscle and of nerve tissue, and is intimately ¢onnected
with the vital functions. It is unnecessary for us to give
the process employed in making phosphorus, as this ele-
ment is never prepared on a small scale. It is-produced
from burnt bones, but the first phosphorus was derived
by its discoverer from urine.

Phosphorus is a remarkable element. It assumes sev-
eral allotropic forms. The ordinary phosphorus is waxy
at common temperatures and is of a translucent, yellowish
color. It reaches market in cylindrical pieces, half an
inch or so in diameter and of from four to six inches in
length. It melts at 44.3° C. (Schrotter), and will not
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conduct electricity. Phosphorus is insoluble in water,
slightly soluble in ether, turpentine and essential oils.
Carbon disulphide dissolves from seventeen to eighteen
times its weight of phosphorus.

From solution in this substance, by slow evaporation,
phosphorus separates in crystalline form. If the solution
of phosphorus in carbon disulphide be thrown upon a
surglce which is exposed to the air, the carbon disulphide
evaporates, and the phosphorus inflames spontaneously,
therefore, great care must be taken that such a mixture is
well preserved. Phosphorus is very inflammable, igniting
simply upon exposure to the atmosphere. It must always
be preserved beneath water, and when desired in small
pieces it should be invariably cut beneath the surface of
water, and it should never be handled in the air as the
heat of the hand is sufficient to inflame it. Phosphorus
produces an intensely hot flame, and this is very difficult
to extinguish.  'When phosphorus is exposed to the air
in the dark it appears luminous. This is true even if a
very small portion of oxygen is present. In pure oxygen
it remains unchanged for some time, and is said not to
undergo the least oxidation. The foregoing fact has not
been explained. Common phosphorus preserved under
water becomes covered with a white crust ; thisis ordinary
phosphorus corroded by oxidation until it assumes the
opaque white color. Phosphorus is now manufactured in
immense amounts and is consumed in various ways, chiefly
for tipping lucifer matches. It is a violent poison, and
there is no chemical antidote. The treatment consists in
the administration of oils, emulsions and mucilaginous
drinks.

Amorphous'or Red Phosphorus.

This is a form of phosphorus produced by heating the
ordinary article in a close vessel to the temperature of
300° C. The change may also be induced by other methods,

¥ The term amorphous is applied to bodies that are destitute of
regu'ar structure. Several elements, as phosphorus, carbon, and
selenium, assume a crystalline and an amorphous form.
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but the foregoing is the most practical. Amorphous phos-
phorus has a dark reddish-brown color and possesses a
metallic lustre, It is tasteless and odorless when pure,
but as found in market has usually a distinct odor due to
impurities. This form of phosphorus (pure) does not ox-
idize upon exposure to the air, will not, ignite by friction,
and is said to be perfectly harmless eveun if swallowed in
large amount. It is insoluble in liquids which freely
dissolve the ordinary article. The phosphorus of com-
merce is impure from the presence of arsenic. Phospho-
rus also assumes a form called metallic or rhombohedral
})hosphorus. This is made by heating phosphorus and
ead together in sealed tubes, and has a lustrous crystalline
appearance.

Hydrogen and Phosphorus unite in three proportions :
PH,, hydrogen phosphide, phosphoretted hydrogen,
hosphine,
P,H,, liquid hydrogen phosphide.
P H,, solid hydrogen phosphide. .
The preparation of phosphide of hydrogen (PH;) is an
old and common lecture-room experiment. It is of no
particular value to the student of medicine, therefore, we
refer such as are interested in experiments for the sake of
entertainment only, to works devoted to the study of
general chemistry.
Phosphorus forms with chlorine—

PCl,, phosphorus trichloride.
PCl,, phosphorus pentachloride.

With bromine phosphorus forms :—

PBr,, phosphorus tribromide.
PBr,, phosphorus pentabromide.

With iodine phosphorus forms :—

P,1,, phosphorus di-iodide.
PI,, phosphorus tri-iodide.

There is one compound of phosphorus and fluorine :
PF;, phosphorus pentafluoride.
~

¢
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Phosphorus and oxygen unite in two proportions:

Phosphorus trioxide (phosphorus anhydrid), P,O,.
Phosphorus pentoxide (phosphoric anhydnd), P,0,.

These unite with water to form interesting acids.

Phosphorus Trioxide, P,0,. )

This is made by causing phosphorus to undergo slow
combustion, a feat accomplished by placing a piece of
phosphorus in a glass tube, heating it and then passing
over it a slow current of air. The phosphorus burns
slowly and phosphorus triozide results. This is deposited
in the cool part of the tube as a white powder. It has a
garlic-like odor and unites with water to form phosphorous
acid, thus :—

P,0, + 3H,0 = 2H,PO,.
Phosphorus trioxide. Water. Phosphorous acid.

Phosphorous acid is not used in medicine and is con-

sidered poisonous. It gives rise to the phosphites.

Phosphorus Pentoxide, P,0;.

This is the result of burning phosphorus in air or oxygen.
In our ex‘Periment upon nitrogen (page 147) this com-
pound is formed. It may be made by inverting a bell
glass over a piece of phosphorus which is burning on a
plate. White fumes result, and a white flocculent powder
coundenses upon the cool parts of the plate and upon the
bell glass. Occasionally a small portion of trioxide forms
during the latter part of the process, when the air has
become mostly depleted of oxygen. This is distinguished
by the garlic-like odor before mentioned. Phosphorus
pentoxide is a white, odorless powder, and will not affect
litmus. It has an intense affinity for water, abstracting
that substance from most other substances which contain
1t ; even abstracting the elements of water (oxygen and
hydrogen) from bodies that contain them. This combi-
nation with water forms meta-phosphoric acid (see acids),
as follows :—

H,0 = 2HPO,.

2VYs
PrLosphorus pentoxide. Wauter.  Meta-phosphoric acid.
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The medicinal substances which contain phosphorus in
combination are treated of under each element. The
compounds of phosphorus and sulphur,and of phosphorus
and nitrogen are of interest to the student of general
chemistry, but can not be considered in this work.

ARSENIC.
Symbol, As. Atomic weight, 74.9.

Arsenic is generally obtained from arsenical iron py-
rites (mispickel, Fe S As). It exists in many minerals,
and is found native. Orpiment and realgar are sulphides
of arsenic. Arsenic resembles in appearance the metals
antimony or bismuth, but has properties which class it
with the non-metallic elements. It has a steel-gray color
and a metallic lustre. Its specific gravity is 4.710, and
when it is heated in the air, it at once assumes the form
of gas. If it be heated (Landolt) under pressure, how-
ever, it can be melted. Its vapor has the odor of garlic.
Arsenic unites with non-metallic bodies and with most
metals. It oxidizes in moist air, and burns in oxygen
with a white flame, arsenic trioxide resulting.

. Arsenic is very poisonons, and yields compounds, most

of which are fearfully destructive to life.. The most im-
portant and common compound of arsenic is the white
arsenic of commerce (arsenic trioxide).

Arsenic and Hydrogen unite to form two compounds :

AsH;, bydrogen arsenide, arsine, or arseniuretted
hydrogen.
As,H,, solid hydrogen arsenide.

The latter substance is of no use, but arseniuretted hydro-
gen is very important, as it constitutes one of the most
delicate tests for arsenic.

t Arseniuretted Hydrogen, AsH,.

This gas is always formed when hydrogen gas is lib-
erated from any liquid which contains arsenic in solution.
It is made pure by decomposing arsenide of zine, As,Zn,,
with dilute sulphuric acid. If a few grains of arsenious
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anhydrid be mixed with water, to which some picces of
metallic zinc and a little dilute sulphuric acid are added,
a mixture of hydrogen gas and arseniuretted hydrogen
result. Arseniuretted hydrogen is very poisonous, there-
fore care must be taken that the gas be not inhaled.
When it is passed into the solution of a gold- or silver
salt, the metal is precipitated. Arseniuretted hydrogen
has a garlic-like (}isagreeable odor. If it be conducted
through a glass tube heated at a given point with an
alcohol flame, the gas is decomposed and a precipitate of
a tlx)letallic appearance is produced in the cool part of the
tube.

If a stream of arseniuretted hydrogen be ignited as it
issues from a glass tube, and a cold porcelain plate be
held in the flame, a metallic, mirror-like spot will result.

The foregoing is “ Marsh’s Test for Arsenic,” and it is
so delicate that 7555 part of a grain (Otto) of arsenic
can be identified.

Marsh’s Test for Arsenic.t

This is to be conducted as follows: Into the four
ounce flask (fig. 50) A, pour two ounces of water, and
place in it a few scraps of pure metallic zinc. Then add
the substance which is suspected to contain arsenic and

o analyze the
wrsenic. Few
work, care to
vell, however,
of arsenic in
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insert the cork B. Through this cork a funnel tube, c,
extends, the lower end of which enters the water. The
glass tube D, extends through the cork and this is bent as
represented by the figure and drawn at its extremity to a
boint.

: Now pour two fluid drachms of sulphuric acid through
the funnel tube ¢, and when effervescence begins heat the
tube D, by means of a spirit lamp as represented in our cut
(fig 51), and cool the extremity of the tube by means of a

piece of ice. If arsenic or antimony in
soluble form be present, a metallic-like
deposit will form upon the inner surface
of the tube, and between the flame and
the ice. 'When the gas has passed for a
time sufficient to expel all the air from
the bottle (see hydrogen page 76), apply
a flame to the exit of the tube and hold
in the burning gas a cold porcelain plate,
or the top of a white porcelain jar (fig. Fia. 51.

52). The formation of a metallic-like

stain corroborates the foregoing indication of arsenic or
of antimouy. To determine the nature of the metallic
mirror, pass sulphide of hydrogen through the tube b,
gently heating the deposit with a spirit lamp. It
will assume a yellow (arsenic) or an orange (antimony)
color, then will volatilize and recondense as a yellow
(arsenic) or an orange (antimony) colored sublimate.
This is either sulphide of arsenic, or sulphide of antimony.
Now adapt the cork, containing the tube, to a flask in

such medicinal substances as are linble to be contaminated with that
body. Cases of poisoning, however, where the future of a human
being may depend upon the report of the chemist, should be investi-
gnteg by only such as are prepared with reagents of undoubted
purity, and such as have great experience in analytical work.
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which some common salt has been placed, and into which
just previous to the insertion of the cork a little sulphu-
ric acid was poured. Hydrochloric acid gas will be gen-
erated, and if the precipitate within the tube be sulphide
of arsenic no change will result. If upon the other hand
it be sulphide of antimony, solution results and the orange
color disappears. There are other tests for arsenic, but

F1a. 52.

it is unnecessary for us to consume time with them.
Remember, that both metallic zinc and sulphuric acid are
liable to be contaminated with arsenic, su that the detec-
tion of arsenic by Marsh’s test implies simply that arsenic
is present in some of the materials. In investigations
where reputation or even life depends upon the result,
reagents of undoubted purity must be employed.

Arsenic and Chlorine.

These unite to form arsenic trichloride, AsCl;, a very
poisonous liquid. 'With bromine arsenic forms a tribro-
mide, AsBr;. Neither of the above is employed in
medicine.

Arsenic Tri-iodide, or Jodide of Arsenic, Asl,.

This is a red crystalline body when pure, but as made
by the U. 8. P. consists of an orange-red brittle substance
which breaks with a crystalline fracture. It is made (U.
S. P) by mixing in a mortar sixty parts of powdered
arsenic (metallic) with three hundred parts of iodine ; the
mixture is then to be placed in a test-tube or a flask, and
fused. Care must be taken that the heat be not too great,
and that the operator does not inhale the fumes which
escape during the operation.
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Arsenic and Oxygen unite to form—

Arsenic trioxide, As,O,,
Arsenic pentoxide, As,O;.

The first of these bodies is the common arsenic of com-
merce, or arsenious anhydrid. It is often called arseni-
ous acid, but in reality it is an acid-forming oxide. When
the trioxide is dissolved in water, it is accepted that arse-
nious acid results ; thus:—

As,0, + 3H,0 = 2H,AsO,,
Arsenic trioxide.  Water. Arsenious acid.

This acid has never been prepared pure, (see arsenious
acid, page 87.)

Arsenic pentoxide, As,O;, or arsenic anhydrid, is the
acid-forming oxide which gives rise to arsenic acid. Itis
best made by heating arsenicacid to dull redness, whereby
water is driven off as follows :—

2H,As0, = As,0, 4+ 3H,O.
Arsenic acid.  Arsenic pentoxide. Water,

A very high heat decomposes it into arsenic trioxide

and oxygen, thus:—
As,0, = As,0, 4 O,.
Arsenic pentoxide. Argenic trioxide. Oxygen.

For descriptions of the acids of arsenic, see acids.

Arsenic and Sulphur.
There are three sulphides of arsenic, viz:
As,S,, arsenic disulphide, or realgar.

As,S,, arsenic trisulphide, or orpiment.
As,S;, arsenic pentasulphide.

The first and second of these bodies are found native,
and have been used since an early day in many branches
of the arts, orpiment especially having been employed as
a pigment under the name King’s yellow. It is very
poisonous, however, and has been replaced by chrome
colors.

Thetrisulphide (As,S,), and the pentasulphide (As,S;),
of arsenic form au interesting series of acids and salts,
known as thio-arsenites and thio-arsenates. They are of



158 CHEMISTRY OF MEDICINES.

no use in medicine. however. Arsenic forms with phos-
phorus the compound arsenic phosphide, AsP. Arsenic
and its compounds are very poisonous. The antidotes,
and the treatment of such unfortunates as may chance to
require aid, have been discussed under acids, (page 88).
The compound of Arsenic and a metal is an arsenide.

BORON.
Symbol, B. Atomic weight, 11.00.

Boron is found in natural combination, as boric acid or
as a salt of this acid. It is remarkable as being the only
non-metallic element which has refused to combine with
hydrogen. Boron exists in two allotropic modifications,
amorphous boron, and crystallized or adamantine boron.
Neither possesses any particular interest to the student of
medioine,

Boron and Chlorine.

Boron unites with chlorine, bromine and with fluorine
to form boron trichloride, BCl;, boron tribromide, BBry,
and boron trifluoride, BF;. Neither is employed in
medicine.

Boron and Oxygen.

Boron trioxide, B,0;, the only known oxide of this
element, results from the combustion of boron in oxygen
gas, or from heating boric acid to redness. It unites with
water to form borie acid, B(OH),, thus:—

B,0, + 3H,0 = 2H,BO,.
Boron trioxide. Water. Boric acid.

Borio acid or salts of boric acid, are the compounds of
thinoloment mostly used in the arts and in medicine. Borie
noid hiw been deseribed (page 90), and the compounds
of horon with the metals will be considered with each
alement,

Boron unites with nitrogen to form boron nitride BN,
#nd with sulphurto form boron trisnlphide.

Tintn for }hn-n!m.—Add hydrochloric acid to the solu-
(hon of s nlkuline borate until the acid is in slight excess,

N
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then dip a piece of tumeric paper into it and dry at the
temperature of 100° C. (212° F.) The paper will now
have a peculiar reddish tint best shown by placing it beside
a piece of unchanged tumeric paper.

2d. Add asmall portion of a powdered borate to strong
sulphuric acid, and then mix with it a little alecohol. If
the alcohol be now ignited the edges of the flame will
appear greenish. Chlorides interfere with this test and
copper salts impart a like green color.

SILICON (Silicium).
Symbol, Si. Atomic weight, 28.0.

This element is very abundaut in combination, forming
a large part of the earth’s crust, and a large share of por-
tions of certain plants, as the bark of hickory and the
glassy surface of straw. It isalways united with oxygen,
SiO,. Amorphous silicon is a dark brown powder. A
crystalline modification may be prepared. The amorphous
form will dissolve in solution of hydrofluoric acid ; other
acids have no effect upon it. When it is heated in the
air oxygen combines with it, dioxide of silicon resulting.
The crystallized modification is dissolved by a mixtureof
nitric and hydrofluoric acids. It slowly oxidizes if heated
to redness in oxygen.

) ISIilicon and Hydrogen unite to form silicon hydride,

iH,.

Silicon and Chlorine form silicon tetrachloride,
SiCl,, and silicon trichloride, Si,Cl;.  Two compounds
of silicon with bromine, and two with iodine are known,
neither being used in medicine. They correspond with
the chlorine compounds.

Silicon and Oxygen form silicon dioxide (SiO,) or
silica. Thisis an abundant mineral, and immense deposits
almost pure are found in different parts of the world.
Quartz and white sand are familiar examples of native
silica. There are three native forms of silica, and many
minerals contain one or more of these modifications. The
abundance of silica may be understood, when we consider
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insoluble in all the chemical reagents,t can not be vola-
tilized, and has never been fused. Itis a rapid absorber
of gases and vapors, and will abstract many uncrystal-
lizable substances from solution and hold them. This
principle is employed in obtaining certain bitter principles
from plants, and in purifying water. If a piece of cane
sugar, or a bit of wood, be covered with sulphuric acid,
disintegration results, the acid abstracts the elements of
water (oxygen and hydrogen) from the organic body, and
a black mass (impure carbon) remains.

Lampblack is a form of finely divided carbon. It is
made when substances rich in carbon, such as wax, fat,
rosin, etc., are burned in a limited supply of air. The
heat of the flame decomposes the inflammable material,
but the oxygen is not present in sufficient amount to con-
sume the carbon. The consequence is that the carbon of
the smoke condenses and the deposit is finely divided
carbon. Lampblack is also formed by the incomplete
combustion of coal gas, and we have known of its practi-
cal production from natural gas of the oil regions in this
country. Large amounts of lampblack are produced by
burning corn cobs previously saturated with rosin.

Animal Charcoal.—This form of carbon contains
considerable nitrogen and all of the inorganic matter of
bones. It is made by heating bones in iron retorts to
redness. The distillate in this case is known as animal
oil, or oleum animale Dippelii (Dippel’s oil). Animal
charcoal is of great value in sugar refining. It is known
as bone-black.

Purified animal charcoal is made by digesting ordinary
animal charcoal in hydrochloric acid. This removes the
carbonate and phosphate of calcium, and thus fits the
charcoal for decolorizing acid liquids. All forms of carbon
are odorless and tasteless, and none of the modifications
can be dissolved in any known liquid at ordinary tempera-

T Melted iron combines with carbon to form a carbide of iron. It is
probable that melted iron dissolves carbon as it will take up four per
cent. of that element. 'When the iron cools, a portion of the carbon
sepurates as graphite,

~
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tures. Carbon is not affected by air or water. Grains
of corn which were charred in the expedition made upon
the Indians of Western New York remain perfect to the
present day. Organic matter, both animal and vegetable,
contaius a large amount of carbon in combination. Plants
derive this carbon from air, and from the water of the
soil, in which it exists as carbon dioxide or carbonic acid.
The gas is decomposed in the plant tissue, carbon is fixed
and oxygen is liberated as a gas. Animals feed upon
plants and thus transfer the carbon to their systems.
The study of the carbon compounds is intimately con-
nected with organic bodies. In organic chemistry (so-
called) we expect to consider the most important of the
carboun compounds, for all of the alkaloids, the vegetable
acids, the glucosides, etc., etc., contain this element.
Indeed, it is frequently stated that organic chemistry is
“ The study of carbon compounds and of the migration of
the carbon atoms,” and the field is a large one. The study
of carbon in its covnection with organic bodies is the
great work of the foremost chemists of theage. It must
not be expected that a book of this description will more
than touch the subject. We can only notice, here and
there, a compound that chances to be connected with the
study of the pharmacist.

Carbon combines with hydrogen to form a series of
compounds called hydrocarbons. These are all volatile,
and generally result from the decomposition of organic
bodies. Their construction is complex and the number
is undetermined. A few of them might with propriety
be studied here, but we shall defer notice of such for
part second of this work.

Carbon and Chlorine.

Carbon and chlorine will not unite directly. Combina-
tions of carbon and chlorine may be made, however, by
decomposition of certain hydrocarbons whereby chlorine
is substituted for hydrogen.

Carbon and Oxygen.
Carbon combines with oxygen to form two oxides:
Carbon monoxide, CO.  Carbon dioxide, CO,.
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These are both gases. Carbon monoxide or carbonic
oxide results when zinc oxide and charcoal are heated to-
gether. It may be made by other processes, but as this
gas is not used in medicine or the allied sciences it is un-
necessary to consume time with them. Carbon monoxide
is colorless, tasteless, and almost insoluble in water. It
buras with a blune flame, carbon dioxide resulting, thus :—
20 4+ 0, = 2CO,.
Carbon monoxide Oxygen. Carboan dioxide.

Carbon monoxide combines with the heemaglobin of
the blood, and is very destructive to animal life if inhaled.

Carbon dioxide (CO,) is the familiar carbonic acid or
carbonic acid gas of the past. It results from the combus-
tion of carbon in the air and is in reality the acid-forming
oxide which gives rise to carbonic acid (see acids), thus:

CO, + H,0 = H,CO,.
Carbon dioxide. Water. Carbonio acid.

Carbon dioxide exists free in the air to a slight extent.
It is easily prepared by pouring hydrochloric acid upon
pieces of marble. Carbon dioxide is the gas which results
when an acid is added to a carbonate. Carbon dioxide is
formed during fermentation, and often uccumulates in
wine and beer cellars to such an extent as to displace the
air. This is the gas which accumulates, in unused wells,
and is termed in common language choke-damp or damps.

Carbon dioxide is colorless, and produces a feeling of
strangulation if inhaled even in small amounts. It will
neither support combustion nor respiration, flame is at
once extinguished, and animals quickly die in it. Itis
heavier than the air, having the specific gravity 1.5241
(Regnault), and it may be poured from one vessel to
another. This gas may be liquefied by both pressure and
a low temperature, forming a colorless liquid. Carbon
dioxide is very soluble in water and the so-called soda-
water, used as a beverage, is a solution of this gas. The
sharp taste of formenting wine and cider is derived from
the presence of carbon dioxide.
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QOarbon and Sulphur unite to form carbon disul-
phide, CS,, or bisulphide of carbon. Sometimes this
reparation is called by the old name, bisulphuret of car-
on. This is made on a large scale by passing the vapor
of sulphur over red-hot charcoal, the impure product be-
ing condensed and sold for uses in the arts.

Carbon disulphide of commerce has an offensive odor,
owing to the sulphur compounds which are associated
with it. When pure it is a colorless, very refractive
liquid, with a pleasant ethereal, somewhat anise-like odor.
It is inflammable, and its vapor mixed with atmospheric
air explodes with violence if lighted. It is poisonous and
the inhalation of its vapor produces serious effects. Carbon
disulphide is a solvent of oils and gutta percha, and is used
in the arts for this purpose.

Carbon and Nitrogen unite to form cyanogen gas
C,N, or Cy,, in reality dicyanogen, a colorless gas. Tt -
may be made by heating cyanide of mercury to dull red-
ness in a glass tube, metallic mercury and cyanogen being
liberated, the decomposition resulting as follows :—

Mgr?d%;(zgx)u’de. Mezrgxgy. + Cyig}elj us.

Cyanogen gas has an odor which resembles peach
pits. It is very poisonous, has the specific gravity of
0.866, and may be liquefied by both pressure and a low
temperature.

Cyanogen (Monad radical), CN or Cy, is the acidulous
radical of hydrocyanic acid and of all the cyanides. It
is capable of replacing one atom of hydrogen, or of com-
bining with one atom of hydrogen. It may be compared
with chlorine in this respect, as the cyanides very much
resemble the chlorides. The radical of cyanogen thus
plays the part of a single atom; and when eyanogen is in
a free state two of these radicals are united, thus:—

CN 4+ CN = C,N,;. Or Cy 4+ Cy = Cy,.
Consequently, we consider the real molecule of cyano-

gen gas to be C,N,. Hydrocyanic acid has been studied
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under the head of acids, (page 100), and each metallic
cyanide of interest to the physician or the pharmacist will
be noticed in its appropriate place. Cyanogen unites with
non-nietallic elements, chlorine, iodine, etc., to form com-
pounds which are of great interest to chemists, but of no
use in medicine. Part second of this work, “ Organic
Chemistry,” may be considered a continuation of the
compounds of carbon.



METALS.

The metals as a class possess certain properties which
the non-metals do not possess, or at least very slightly.
It must be remembered that the division of the elements
into the sections, metals and non-metals, is purely for con-
venience, and that the differences between certain indi-
viduals of the two classes is sometimes very slight.
Chemists do not even agree as to the positious certain
elements should occupy. For example some class hydro-
gen with the non-metals, others place it among the metals.
Some class arsenic with the metals, others with non-metals.
The generic property of metals seems to reside in metallic
lustre, and in the fact that their oxides are generally basic.
The oxides of the non-metals, upon the contrary, are acid
formers, and as a rule non-metals have no metallic-like
lustre.+

The metals are generally arranged in certain groups
dependent upon a resemblance in chemical properties.
We shall not, therefore, take them alphabetically. In
our work we are expected to notice such compounds as
are of interest, directly or indirectly, from a therapeutical
point, but we shall from necessity, consider many oxides
not used in medicine.

T One of the modifications of phosphorus is called met.ilic phos-
phorus, from its luster and resemblance to metals. Arsenic cortninly
appears like a metal. The higher metals give rise to acid-form ng

oxides.
(167)
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ALKALI METALS.

POTASSIUM, SODIUM.
LITHIUM, RUBIDIUM.
CASIUM.

These are the metals that produce the alkalies, a term
_ that was at first applied indiscriminately to the hydrates
of potassium and of sodium. The alkalies were consid-
ered simple substances until Davy isolated the metals
which form their bases. The compounds of potassium
and sodium are extensively employed in medicine and the
arts. Lithium is sometimes used in medicine, but the
other members of this group of metals are of no practical
importance.

POTASSIUM (Kalium).
Symbol, K. Atomic weight, 39.04.

Davy discovered this metal and named it. He decom-
posed caustic potash by means of the galvanic battery.
Afterward Gay-Lussac and Thénard obtained it by heat-
ing caustic potash and iron turnings to whiteness in a
gun barrel ; the oxygen of the caustic potash uniting
with the iron to form oxide of iron, thus liberating the
hydrogen and the potassium, which escaped in the form
of vapor, and from this the potassium was condensed by
passing the mixture into a cold receiver. This process
was improved upon by Curauda who obtained potassium
by heating caustic potash with charcoal, and by this latter
method it is made at present, or by heating carbonate of
potassium with charcoal, thus :—

X,CO0, + ¢, = K, 4 3CO.
Ca'bonate of potassium Carb-n  Potassium. Carbouic oxide.

Properties—Potassium is a white metal of specific
gravity 0.875 at 13° C. (55.4 T.) ; soft like wax at 15° C.

. (59°F): brittle at 0° C. (32° F.), and melts at 62.5° C.
- *(144.5° F.) Potassinm has a strong affinity for oxvgen
'd a cleanly cut surface immediately tarnishes and turns
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white ; when thrown npon the surface of water it liberates
hydrogen and forms hydrate or hydroxide of potassium,
thus :—
K, + 2(HOH) = 2(KOH) + H,.
Potussi m. Water.  Hydroxide of po.tassium. Hydrogen.

The heat liberated during the reaction inflames the
escaping hydrogen, which burns with a violet color con-
sequent upon the presence of the vapor of potassium,
(pure hydrogen burns blue). In consequence of this
affinity of potassium for oxygen it is necessary to preserve
the metal beneath a liquid free from oxygen, and benzine
is used in commerce for this purpose. Potassium reaches
us from the manufacturer in the form of pellets ranging
in size from a number one shot to that of a small marble.

Potassium Hydroxide,—Formula, KOH. Molecular
weight, 56.00.

Synonyms.—Hydrate of potassium. Caustic potash.
Fixed alkali. Potassa. Potash. Vegetable alkali.

This is derived from water by replacement of one-half
the hydrogen of two molecules of water with one mole-
cule of potassium.

It is obtained in an impure form by lixivating the ashes
of forest trees and evaporating the “lye” to dryness.
This is potash and as thus made is mixed with impurities
such as salts of aluminum, potassium carbonate and chlo-
ride, potassium silicate, etc.,and is unfit for medical use or
chemical experiments. Commercial caunstic potash is in the
form of white sticks, and is made by boiling a solution
of carbonate of potassium, or of bicarbonate of potas-
sinm, with milk of lime. The potassium is displaced
from one molecule of carbonate of potassium (where that
salt is used), by the calcium of one molecule of hydroxide
of caleium, thus:—

K,CO, + Ca0,H, = 2KOH 4 CaCO,
Carhonate of Hydroxide of Hydroxide of Carbonate of
potassium. calcium. potassium calcium.

The carbonate of calcium is permitted to subside, and
the clear solution decanted and quickly evaporated until
it fuses, when it is cast into moulds. This still contains

15
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other salts of potassium, such as sulphates and chlorides,
but is pure enough for all practical purposes. It may be
produced pure for analytical purposes, by decomposing
pure potassium nitrate with metallic copper, at a red
heat, and by other processes unnecessary to name here.

Liquor potasse ot the Pharmacopeeia, is made by boil-
ing solution of bicarbonate of potassium with milk of
lime, and decaunting the clear solution, or by dissolving
one troy ounce of caustic potash in a pint of distilled
water. [t isliable.to contain the impurities of the potash
salt. It should have the specific gravity 1.065, and
contain “ five and eight-tenths per cent. of hydrate of
potassa, ” U. 8. P. ‘

Properties—Hydroxide of potassinm pure is white,
hard, breaks with a fibrous fracture, melts to a clear
liquid at red heat, volatilizes at higher temperatures, and
the vapor decomposes at a white heat into its counstituent
elements. It dissolves in about one-third its weight of
water, and from this crystallizes upon cooling in the form
of a hydrate, KOH+2H,0. It dissvlves perfectly
in aleohol. Commercial caustic potash is white, but does
not dissolve completely in alcohol, owing to the presence
of sulphates and alumina. Caustie potash possesses an
acrid taste, even in dilute solution. It is a strong base,
and from it the salts of potassium are prepared. It ab-
sorbs both moisture and carbonic a(-idp from the atmo-
sphere, and thus either deliquesces (moisture) or becomes
covered with a white incrustation (carbouate of potas-
sium) when exposed. It is a powerful cautery, and
destroys animal and vegetable tissues, and thus is a
destructive poison when swallowed.

Treatment.—Dilute acids neutralize it, and the juice of
lemons, sour oranges, green gooseberries, ripe currents,
and vinegar may be administered freely. In conjunction,
use mucilaginous and demulcent drinks, such as gruel,
milk, ete., or olive oil. If a large dose of the caustic
potash has been swallowed, the tissues of the stomach
will be actually destroyed before the antidote can be
given, and the patient will suffer excruciating agony
until relieved by death. -



POTASSIUM. 171

Potassium Acetate.—Formula, KC,H,0,. Molccular
weight, 97.9.

Synonyms.— Acetate of potassa. Acetate of potash.
Potassii acetas.

Ezxperiment.—Dissolve about sixty grains of carbonate
of potassium in an ounce of distilled water in a porcelain
dish, and gr adlullv stir into the solution acetic acid until
the liquid acquires a distinet acid reaction and ceasesto
effervesce. IEvaporate carefully over a flame until a
white mass remains; this is acetate of potassium. The
reaction is expressed as follows :—

K,CO,+ 2HC,H,0, = 2KC,H,0, + H,0 4 CO,

Carbonate of Acetic Acetat* of Waber Larbon
potassium. acid. potassium. dioxide.

Acetate of potassium is extensively used in medicine.
It is in the form of white glistening masses, of a foliated
texture, and is made by evaporating a solution of acetate
of potassium uutil a skim forms upon the surface, which
is removed constantly until the dish is empty. From
time to time a little acetic acid must be added to replace
that which is lost by evaporation. Sometimes it is made
by decomposition of acetate of lead, by means of carbon-
ate of potassium, and in this case the salt may contain
lead as an impurity. Sometimes the concentration of the
solution is performed partially in copper vessels, and
under such circumstances, especially if the solution is
allowed to cool within the vessel, copper is liable to con-
taminate the result.

Properties and Tests.—Acetate of potassium is very
hygroscopic, and quickly liquefies upon exposure to the
atmosphere. Tt shonld not yield a precipitate when sul-
phide of hydrogen is passed “through a solution of it, and
the solution should remain transparent upen treatment
with solution of chloride of barium.

Potassium Bicarbonate.—Formula, KHCO,. Mole-
cular weight, 99.89.
Synonyms.—Bicarbonate of potash. Acid carbonate
of potassium. Potasse bicarbonas. Hydrogen potas-
sium carbonate. Potassii bicarbonas.
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Ezrperiment.—Make a saturated solution of carbonate
of potassium by agitating one ounce of carbonate of
potassium, with half an ounce of cold water; after the
excess of carbonate has settled, decant the clear solution,
pass into this solution a current of carbon dioxide, and
in a short time small crystals will appear upon the sides
and bottom of the container. This reaction is explained
as follows :—

K,CO, + H,0 4+ CO, = 2KHCO,

Carbonatc of Water. Carbon Bicarbonate of
potassium. dioxide. potassium.

" Bicarbonate of potassium may be made by exposing
wet carbonate of potassium to an atmosphere containing
much carbon dioxide, as the cellar of a brewery where
fermentation is ensuing, or the cellar of a vinegar
factory.

Saleratus is an impure bicarbonate of potassium, at
one time much used for culinary purposes. It is made
by passing the fumes of burning charcoal over shelves
covered with layers of pearlash.

Properties.—Bicarbonate of potassium is met with in
commerce in the form of crystals, which are transparent
and permanent in cool air, but which become moist in
damp, warm weather. It has an alkaline taste, and an
alkaline reaction, notwithstanding it is an acid salt.
It dissolves in about four times its weight of water at
ordinary temperatures, and parts with a cousiderable
roportion of earbonic acid, when its solution in water is
{miled. Bicarbonate of potassium is more apt to be pure
than is carbonate of potassium, owing to the fact that the
impurities do not crystallize.

Potassium Bichromate.—Formula, K,Cr,0,. Mole-
cular weight, 294.6.

Synonyms.—Bichromate of potassium. Bichromate of
potash.  Red chromate of potash. Dichromate of potas-
sium. Potassii bichromas.

The chemistry of this article is noticed under chromium.
To prepare it in practice, chrome iron ore (I°eOCr,0,) is
roasted, and mixed with lime and potassium carbonate,
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and the mixture heated in an oxidizing flame. The
result is then extracted with water, and the neutral
chromate converted into bichromate by means of sulphu-
ric acid, thus :—

2K,Cr0, + H,S80, = K,Cr,0, 4 K,S0, + H,O.

Potassium Sulphurie Potassium Potassium  Water.
chromate. acid. bichromate. sulphate.

The formation of bichromate of potassium may be
illustrated by tie following experiment :—

Dissolve five or ten grains of chromium trioxide CrO,
(officinal chromic acid), in half an ounce of liquor potassz.
A lemon yellow solution will result, dependent upon the
production of neutral potassium chromate, thus:—CrO,
+2KOH=K,CrO;+H,0. Add to this solution a little
sulphuric acid, an orange color results, dependent upon
the formation of bichromate of potassium, as explained
by the equation which precedes the last. If avery great
excess of sulphuric acid is now added, the bichromate of
potassium is decomposed and chromic acid is formed.

Bichromate of potassium is used in medicine mainly for
the preparation of chromic acid (see page 93). It is ex-
tensively used in the arts, especially as a dye-stuff, in the
preparation of chrome yellows and to make ink. Bi-
chromate of potassium forms large garnet-red crystals,
freely soluble in water. The dust is very irritating when
inhaled, and the salt is a corrosive poison.-

Treatment of Poisoning.—Emetics, albuminous and
mucilaginous drinks (Taylor), carbonate of magnesium or
chalk mixed with milk.

Potassium Bitartrate —Formula, KHC,H,0,. Molec-
ular weight, 187,68.

Synonyms.—Bitartrate of potassium. Cream of tartar.
Acid tartrate of potassium. Potassii bitartras.

Bitartrate of potassium exists in the juices of many
fruits (see tartaric acid) and is obtained from the juice of
the grape after fermentation, which canses it to erystallize
upon the sides of the casks. This is impure and known
as crude tartar or argols.

Purification.—Dissolve argols in hot water, and filter
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the solution while hot through clay or animal charcoal.
Repeat the operation if necessary, and lastly crystallize.

Properties.—Bitartrate of potassium, when pure, is in
the form of transparent crystals, soluble in fifteen parts
of boiling water, but requiring 200 parts of cold water.
It does not contain water of crystallization.

Impurities and Tests.—This salt is usually sold upon the
market in a powdered condition, and under the name
ot cream of tartar. It is liable to contain moisture, and
from five to fifteen per cent. of tartrate of calcium, for
tartrate of calcium will dissolve in a solution of cream of
tartar. Too often, however, alum, powdered silica, and
terra alba (a white earth), etc., are mixed with it. Such
substances as are insoluble will remain undissolved upon
boiling the suspected cream of tartar with water. A
current of sulphide of hydrogen will precipitate copper
and lead from a solution of the salt. Starch may be
shown by digesting the sample in ammonia water, boiling
the residue (if any) with water, and then adding a little
tincture of iodine, a blue color denoting starch. If adul-
terated with alum it is more soluble in cold water than if
pure, and upon fusing it the residue will not completely
dissolve if alum is present.

Potassium Bromide. — Formula, KBr. Molecular
weight. 118 79.

Synonyms.—Potassii bromidum. Bromide of potash.
Bromide of potassium.

Ezxperiment —Pour a few ounces of solution of bromide
of iron into an evaporating dish, and gradually add with
constant stirring, dilute solution of carbonate of potas-
sium, until the liquid loses the property of changing blue
litmus paper to red, or until a precipitate ceases to form.
Bring the mixture to a boil, then when cold filter it and
wash the contents of the filtering paper with a little
distilled water. Mix the filtrates, and evaporate until a
pellicle begins to form upon the surface, then cool, when
crystals of bromide of potassinm will form. By the
foregoing operation earbonate of iron and bromide of
potassium are formed, thus :—
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FeBr, + K,CO, = FeCO, + 2KBr

Rromide of Carbonate of Carbonate Bromide of
Iron. potassium, of iron. potassium.

It may be made by other methods, but the above for
experiment is easiest and most simple.

Propertics.—Bromide of potassium crystallizes in cubes,
sometimes transparent, again porecelain like. These forms
may be produced at will from the same solution, and as
the demaud is greatest for the opaque crystals, manufac-
turers are inclined to make it of that style. If there is
an excess of carbonate of potassium in the solution, the
opaque bromide forms most readily. Bromide of potas-
sium is permanent in the air, and if a specimen deliquesce
an excess of carbonate of potassium is present. It is
soluble in its weight of boiling water, and in less than
twice its weight of water at 0°C. (32° F.). If a crystal
be dipped into hydrochloric acid it should not turn yel-
low (absence of bromate of potassium).

Potassgii OCarbonas —Formula, K,CO,;. Molecular
weight, 137.93.

Synonyms.—Carbonate of potash. ~Carbonate of potas-
sium. Salt of tartar.

Carbonate of potassium is made from the potash of
wood ashes, or from beet roots (in Europe), or from the
Stassfurt beds of chloride of potassium. Once it was
made by calcining cream of tartar, whereby it derived
the name salt of tartar. This last process yields a very
pure article. It may be made pure by calcining bicar-
bonate of potassium, thus:—

2KHCO, = H,0 + CO, 4 K,CO,

Bicarbonate of Water. Carbon Carbonate of
potassium., dioxide. potassium.

Ezxperiment.—Dissolve a little hydroxide of potassium
(caustic potash) in four times its weight of water, then
pass carbon dioxide into the solution. Carbonate of
potassium will be formed according to the following
euation :— -

9KOH + €0, = K.,(0, 4+ H,0.

Hvydroxide of Carbon Carhon-ta Water.
potassium. dioxide. of po.agsium.
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It is usually made in this country from potash, and
thus is liable to contain many impuriuies.

Properties.—Carbonate of potassium is in the form of
a white, granular, semi-crystalline coarse powder, deli-
quescent in the atmosphere and soluble in less than its
weight of water at ovdinary temperatures. It crystallizes
from saturated solution, forming 2K ,CO,+3H,0.

Pearlash is an impure carbonate of potassium and is
made by dissolving potash in water, decanting the solu-
tion, and evaporating it to dryness. It contains caustic
potash, and various salts such as sulphate and chloride of
potassium, etc.

Carbonate of potassium is poisonous. The antidotes
and treatment are the same as for hydroxide of potassium
(caustic potash).

Potassium Chlorate.—Formula, KCIO,. Molecular
weight, 122.29,

Synonyms.—Potassii chloras. Chlorate of potash.

Chlorate of potassinm may be made by several pro-
cesses. It is manufactured in quantities from chlorinated
lime and chloride of potassium.  When chlorinated lime
is mixed with water and evaporated the ealeium hypo-
chlorite of the solution is decomposed, caleium chlorate
and calcinum chloride being formed, thus :—

3Ca(0Cl), = Ca(Cl0;), + 2CaCl,.

Hypo-nlorite of Chlorat2 of Chloride of
calcium. culeinm. calcium.

If chloride of potassium (KCI) be added previons to
evaporation, double decomposition ensues between the
chlorate of calcium and the chloride of potassium, the
result being chlorate of potassium- instead of chlorate of
calcium of the previous equation, thus:—

Ca(0,Cl), + 2KCl = CaCl, + 2KCIOs.

Chlorate of Chloride of Chloride of Chlorate of
calcium. potassium. calcium. potassium.

By straining the solution and evaporating it to crystal-
lization the chlorate of potassium is separated from the
very soluble chloride of calcinm, and it may be purified
by solution in and recrystallizing from hot water.
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Chlorate of potassium is only made in large quantities
where chlorine gas is a waste product, and it is not advisa-
ble to experiment with its production. It crystallizes in
transparent tables of the monoclinic system which melt
at 334° C,, and which begin to decompose, evolving
oxygen at 352° C. One hundred parts of water dissolve
3.3 parts of the salt at 0° C. (32° F.) and at 104.8° C.
(about 221° F.) dissolve 60.2 parts.t

Chlorate of potassium must never be triturated in a
mortar with organic bodies which have an affinity for
oxygen, for chlorate of potassium readily gives up its ox-
ygen, and serious explosions have resulted. Mixtures
of sugar, tannin, sulphur, ete., should never be triturated
with potassium chlorate, the safe method being to powder
the salts ‘separately, then mix them upon a paper by
means of a spatula. Chlorate of potassium has a saline,
cooling taste. ‘

Impurities and Tests.—Dissolve a portion of the chlo-
rate of potassium in hot water, and add a few drops of
nitric acid, then divide this solution into two parts, and
to one portion add solution of nitrate of silver; if chlo-
ride of potassium be present, a white precipitate will be
produced, soluble in ammonia water.

To the other portion add solution of nitrate of barium;
a white precipitate will denote sulphate of potassium.
There are a few other likely impurities.

Potassium Oitrate.—Formula, K;C;H,0,. Molecular
weight, 305 66.

Synonyms.—Citrate of potassium. Citrate of potash.

Potassee citras. Potassii citras.
This is a salt formed by double decomposition, between

citric acid and carbonate of potassium, thus:—

T Physicians often overlook the fuct that chlorate of_ potassium is
but slightly soluble in cold water, and prescribe (to be hade into a
solution) a very much larger amount of the salt than can be dis-
solved. Of course if heat be employed to effect the solution the
excess of chlorate will separate when the liquid cools. Water at
ordinary temperature (60° F.) will dissolve about one-sixteenth its
weight of chlorate of potassium.

=
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3K,C0, + 2H,C,H,0, = 2K ,C,H,0, + 3H,0 4 3CO,
€arbonate of Citric acid. Citrate of Water. Carbon
pouassium. potassium. dioxide.

Ezperiment.—Dissolve a few drachms of carbonate of
potassium in an evaporating dish, by means of a couple
of ounces of water, then carefully stir into it a solution
of citric acid until effervescence ceases, then evaporate
with constant stirring to dryness. Citrate of potassium
is a white granular powder. It is very soluble in water,
and has a pleasant saline taste, but is not extensively
used in medicine.

Potassium Cyanide.—Formula, KCNorKCy. Molec-
ular weight, 65.02. .

Synonyms.—Cyanide of potassium. Cyanide of potash.
Potassa cyanide Potassii cyanidum.

F1ag 53. Potassium Cyanide.

This is made pure by passing the vapor of hydrocyanic
acid into an alcoholic solution of hydroxide of potassium
(caustic potash), when cyanide of potassium will separate
as a white powder, the reaction being expressed as follows ;

HCN 4+ KOH = KCN <+ HOH.
Hydrocyanic Hydroxide Cyanide of Water.
acid. of potussium. potassium.

The above yields a chemically pure salt, if pure caustic
potash is employed. In commerce, cyanide of potassium
i1s made by melting ferro-cyanide of potassium (yellow
prussiate of potash) with carbonate of potassium; the
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result being cyanide of potassium (KCN), cyanate of
potassium (KOCN), carbon dioxide (CO;) and iron, thus:
9K, FeCy, +2K,C0, = 10KCN + 2KOCN42C0,4Fe,

Ferrocyanide  Curbonate Cyanide of Cyanate of  Carbon  lron,
of potassium. of potassium. potassium. ~ potassium. dioxide.

Cyanide of potassium, prepared as above, is contami-
nated with cyanate of potassium.

Properties.—This salt, as found in the market, is in
white lumps, resembling in appearance chloride of calci-
um, or the white substance found inside the cocoanut. It
has a strong bitter-almond or peach-pit odor, owing to
the fact that it constantly evolves hydrocyanic acid, espe-
cially when exposed to an atmosphere which contains
carbon dioxide. It is very soluble in water, is a power-
ful reducing agent, and hence is employed in photography
and electro-plating. It is one of the most violent of poi-
sons, and must never be confounded with prussiate of
potassium (ferrocyanide of potassium), which is sometimes
prescribed by physicians. Bear in mind the distinctious.

Prussiate of potash is in form Cyanide of ?olassium is in
of yellow crystals; the crystals form of white lumps; evolves
are odorless; it is not classed the odor of bitter almonds;
with poisons. is a deadly poison.

Treatment.—Solution of sulphate of iron may be given ;
this will (theoretically) form Prussian blue. The treat-
ment for hydrocyanic acid may be followed. If even a
moderate dose is swallowed, however, there is little hope
of recovery, for the soluble salts of hydrocyanic acid are
as poisonous as the acid alone.

Potassium and Sodium Tartrate. — Formula,
KNaC,H,044H,0. Molecular weight, 281.51.

Synonyms.—Sodii et potassii tartras. Potasse et sode
tartras. Tartrate of potash and soda. Rochelle salt.
Potassii et sodii tartras.

This, as its name indicates, is a salt of which one-half
of the basic hydrogen of the tartaric acid molecule is re-
placed by potassium, the other half being replaced by
sodium, thus :—
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Tartrate ot hydrogen (tartaric acid), HHC H,O,.

Acid tartrate of potassium (cream of tartar), KHC ,H,O,.

Tartrate of potassium and sodium (Rochelle salt) KNa-
C,H,0,.

Ezperiment.—Dissolve twelve parts of carbonate of
sodium in eighty-four parts of hot water, and stir into the
solution sixteen parts of bitartrate of potassium. When
effervescence ceases, filter the solution and evaporate it
antil a pellicle begins to form, then place the solution in
a cool place that crystals may form. These are tartrate of
potassium and sodium. The common name Rochelle salt,
was derived from Rochelle, where it was discovered.
This salt is made by manufacturers upon a large scale,
and is usually sold in the form of powder. It has a
saline taste, and dissolves in twice its weight of water at
about 60° F. The reaction of the preceding process is
expressed by the following formula : — '
Na,CO, + 2KHC ,H,0, = 2KNaC,H,O, +H,0 4 CO,.

Carbouate of Bitartrat. of Tartrate of sodium  Water. = Carbon
sodium. potassuim. and potassium. dioxide.

Potassium Ferrocyanide. — Formula, K, Fe(CN),.
Molecular weight, 367.94. Crystallized, K ,Fe(CN),,-
3H,0.

Synonyms.—Ferrocyanide of potassium. Yellow prus-
siate of potash. [Prussiate of potash.] Potassii ferro-
cyanidum,

F1a. 54.

This salt results when a solution of a ferrous salt is
mixed with an excess of cyanide of potassium, but is
made in practice by heating potash, iron-filings and ani-
mal matter, such as horn, dried blood, leather scraps, ete.
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An intricate reaction results, cyanogen (C,N,) being
formed from the decomposing organic substances which
unite with the potassium to form cyanide of potassium,
while the liberated sulphur and the sulphur of the potash -
produces potassium and iron sulphides. The sulphide of
iron and the cyanide of potassium are mutually decom- |
posed to form ferrocyanide of potassium and other products
according (R. and 8.) to the following equation :—
13KCN 4 Fe, S, = 2K ,Fe(CN), 4 2K,S + KSCN.

Cyanide ot Se-qui-sulphide Ferrocyanideol Potassium Potassium sul-
potassium. of iron. polassium. mono-sulphide. pho-cyanute

This mixture is dissolved and purified, and the ferro-
cyanide of potassium crystallized. It is not practical to
make this salt in an experimental way.

Ferrocyanide of potassium is insoluble in alcohol, but
dissolves in four parts of cold water and in two parts of
hot water. It crystallizes in large yellow masses of
quadratic pyramids, has a saline sweetish taste, and com-
pletely gives off its water of crystallization at 100° C.
(212° F.) It is not dangerous, being sometimes pre-
scribed *in large doses. Care must be taken that it be
not confounded with eyanide of potassium (see page 178),
which is very poisonous.

Potassium Hypophosphite,— Formula, KPH,0,.
Molecular weight, 103.92.

Synonyms.— Potasse hypophosphis. Hypophosphite of
potassium. Hypophosphite of potash. Potassii hypo-
phosphis.

Hypophosphite of potassium may be made by decom-
posing hypophosphorous acid and carbonate of potassium,
and afterward evaporating the solution carefully to dry-
ness, thus :—

K,CO, 4+ 2HPH,0, = 2KPH,0, -- H,CO,.

Carbonate of  Hypophospho- Hypopospliite Carbonic
potassium. rous acid. of potassium. acid.

It may also be made by double decomposition between
solutions of carbonate of potassium and hypophosphite of
calcium, the result being hypophosphite of potassium and
precipitated carbonate of calcium.
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Hypophosphite of potassinm is very soluble in water
and diluted alcohol. Tt is not likely to contain impurities
which are soluble in these menstruums unless it be the
carbonate of potassium. If this substance be present the
addition of dilute sulphuric acid to the solution will cause
effervescence.

Potassium Iodide.—Formula, KI. Molecular weight,
165.57.

Synonyms.—Iodide of potassium. Todide of potash.
Potassii iodidum.

This salt muy be made exactly according to the formula
of our experiment for making bromide of potassium,
(page 174), excepting that the solution of bromide of iron
of that experiment is to be replaced by solution of iodide
of iron. The reaction is expressed as follows :—

Fel, + K,CO, = 2KI 4 F¢CO,.

Iodide of Carbmate of Iodide nf Carbonate
Irou. potassium. potassiaum, of iron.

It may also be made by adding iodine to solution of
caustic potash until in slight excess, then evaporating to
dryness and igniting the residue with charcoal, and after-
ward dissolving the iodide of potassium and crystallizing it.

Properties.—Iodide of potassium crystallizes either in
transparent or porcelain cubes, it is odorless, and possessed
of a saline bitter taste. It is not altered by dry air, but
turns yellowish in damp air. If it contain carbonate of
potassium the crystals become moist upon exposure and
will eventually dissolve in the water so attracted. The
crystals dissolve in three-fourths their weight of cold
water and in one-half their weight of boiling water, and
dissolve in fromfive toseven times their weight of alcohol.

Impurities and Tests.—Iodate of potassium is shown by
placing a drop of hydrochloric acid upon the crystal,
when if iodate be present a brown color will immediately
follow ; or boil a few grains of starch with some water in
a test tube and dissolve in the solution a crystal of the
suspected iodide of potassium, then add a few drops of a
strong solution of tartaric acid; if iodate of potassium
be present a violet color will immediately appear. Ad-
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mixtures such as sulphate and nitrate of potassium may
be shown by dissolving iodide of potassium in its weight
of water, then mixing the solution with twelve parts of
absolute alecohol, a white precipitate indicating such im-
purities. Chlorides or bromides may be detected as follows :
Dissolve a small portion of the salt in water and add
nitrate of silver solution in excess ; agitate the precipitate
with ammonia water in excess, filter and then add to the
filtrate an excess of nitric acid ; a white precipitate denotes
chlorine, (of course the uitric acid is to be free from chlo-
rine). Bromine may be distinguished from chlorine (Hoff-
man) by washing the foregoing precipitate upon a filter-
ing paper until the washings cease to redden blue litmus
paper, then placing the precipitate in a test tube and
agitating with chlorine water ; bromine, if present, will be
liberated and will color the solution yellow. Bromide of
potassium is the most likely adulterant of this salt.

Potassium Nitrate., — Formula, KNO,. Molecular
weight, 100.93.

Synonyms.—Nitrate of potassium. Nitrate of potash.
Saltpetre. Nitre.[Sal nitri. Sal petree (Geber).] Potassii
nitras.

Nitrate of potassium is found in the soil of many coun-
tries, in the juices of many plants, in the soil of under-
ground caverns. It is formed by the decomposition of
organic matter when such is in contact with potash salts,
and in this manner the soil replenishes itself when
depleted.

Experiment.—Dissolve an ounce of carbonate of potas-
sium in four fluid ounces of water in a capacious porcelain
dish, then gradually stir into it nitric acid until efferves-
cense ceases. Evaporate the solution to the bulk of two
fluid ounces, and cool slowly to the temperature of ice
water. The nitrate of potassium will form in transparent
crystals, which may be drained, and dried upon filtering
paper. The reaction is expressed as follows :—

K,CO, 4+ 2HNO, = 2KNO, + H,CO,.

Carhonate of Nitrie Nitvate of Carbonic
potassium. acld. potassium. acid.
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The nitrate of potassium of commerce is supplied
largely from the soil of India, and recently by decompo-
sition from the chloride of potassium of the Stassfurt
mines. Theso-called Chili saltpetre is nitrate of sodium.

Properties.—Nitrate of potassium usually crystallizes
in rhombic prisms, but from a few drops of solution by
spontaneous evaporation the form is rhombohedral. The
large crystals of the market are often hollow, and partly
filled with mother liquor, which renders this form more
impure than small erystals. It meltsat 339° C. (642.2° I.)
forming a corlorless liquid, which, if moulded and cooled
into balls, is known upon the market as sal prunella; at
a high temperature the melted salt gives off oxygen
and nitrogen. It is insoluble in alcohol, but very soluble
in water. 100 parts of water at 0°C. (32° F.) dissolves
13.3 parts; 100 parts of water at 100° C. (212°F.) dis-
solves 247 parts.

Impurities and Tests.—The most likely adulterant of
nitrate of potassium is nitrate of sodium. It it be present
in any great proportion, the crystals will become moist
upon exposure to a moderately damp atmosphere. If the
solution of nitrate of potassium acidulated with nitrie
acid, gives a white precipitate with nitrate of barium
solution, sulphates are present. If it gives a white pre-
cipitate with nitrate of silver solution, chlorides are
present. Little of the nitrate of potassium upon the
market is pure, and the presence of a small proportion
of the foregoing substances is not a serious matter.

Potassium Permanganate.—KMnO,, or K,Mn,O,.
Molecular weight (KMnO,), 157.68.

Synonyms.—Permanganate of potassium. Permanga-
nate of potash. Potassii permanganas.

This is made experimentally by dissolving ten parts of
caustic potash in the smallest amount of water practicable,
and adding to it a mixture composed of seven parts of
potassium chlorate, and eight parts of dioxide of manga-
nese, and evaporating to dryness. The mass is digested
with hot water, and the deep green liquid filtered through
asbestos, when upon standing crystals of permanganate of
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potassium will be deposited. Permanganate of potassium
is a salt of the very unstable permanganic acid (HMnO,).
It is in crystals of dark bronze or steel-blue color, of the
specific gravity 2.7 ; soluble in fifteen or sixteen parts of
cold water, the solution being dark purple. The solution
of this salt is decolorized by most organic substances,
and by inorganic reducing agents, such as sulphurous
acid, and metallic subsalts. It ignites some oxydizable
bodies, therefore mixtures of potassium permanganate
and organic substances must be made with caution.

Potassium Sulphate.—Formula, K,S0,. Molecular
weight, 173.90.

Synonyms.—Sulphate of potassium. Sulphate of potash.
Potassii sulphas.

This was obtained at a very early day as a vesidue of
the manufacture of nitric acid. It is found in the lavas
of Vesuvius and in the Stassfurt deposits. It may be
made by neutralizing sulphuric acid, which has previously
been diluted with ten parts of water, with hydroxide of
potassium (caustic potash), and evaporating the solution
to crystallization ; the reaction being expressed as follows :

H,50, + 2KOH = K,S0, + 2H,0
Sulphuric Hydroxide Sulphsate of Water.
acid. of potassium. potassium.

It may be also made by the following—
Ezperiment.—Mix one fluid ounce of sulphuric acid
with nine fluid ounces of distilled water, and into this
mixture gradually stiv carbonate of potassium until the
acid is saturated and effervescence ceases. Evaporate the
solution until a pellicle forms upon the surface, then allow
it to cool, when erystals of sulphate of potassium will
form, which may be dried upon filtering paper. The
reaction is expressed according to the equation :—
H,s80, + K,CO, = K,S0, + H,CO,

Sulphurie Carbonate Sulphate of Carhonic
acid. of potassium. potassitm. ac.d.

Sulphate of potassium ecrystallizes in small rhombic
pyramids, having the specific gravity 2.648. It is soluble
in ten parts of cold water ; a boiling solution of the salt

16 F
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contains about one-fourth its weight of the salt. It is
insoluble in absolute aleohol.

Acid Sulphate of Potassium, KHSO,, is obtained
when nitrate of potassium is decomposed with sulphuric
acid in the manufacture of nitric acid (see page 105).
This is sometimes called bisulphate of potassium, but is
seldom used in medicine.

Potassium Disulphate, K,S,0,, is obtained by
heating sulphuric acid with sulphate of potassium, thus:
H,S0, + K,80, = K,S,0, + H,0.

This is of no practical value.

Potassium Sulphide.

Synonyms —Sulphuret of potassium. Potassii sul-
phidum.  Sulphide of potassium. Liver of sulphur.
}‘Iepzu' sulphnris,  Potassii sulphuretum.

This compound as prepared by the various pharmaco-
eias, is a mixture of different sulphides of potassium,
t is made (U. 8. P.) by fusing one troy ounce of sulphur

with two troy ounces of carbonate of potassium, and
pouring the fused mass upon a cold slab of marble to
cool, and immediately transferring to glass stoppered bot-
tles. The product is influenced by the temperature
employed, so that it is variable in appearance.

Tests for Potassium.—Compounds of potassium, in -the
absence of sodium compounds, impart a violet color to
the non-luminous blow-pipe flame.  If sodium compounds
be present, a blue cobalt glass placed between the eye
and the flame, will absorb the yellow color of sodium,
and transmit the potassium violet. '

2d. Add an excess of solution of the chloride of
platinum (PtCl,), to.the solution of a potassium salt, and
evaporate the mixture to dryness. Digest the residue in
aleohol, filter it and dry, and weigh the precipitate, which
is the double salt K,PtCl,, from which the proportion of
potassium may be determined. Tartarie acid also pre-
cipitates the solution of a potassium salt.
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SODIUM.
Symbol, Na. Atomic weight, 22.99.

Sodium was discovered by Davy in 1807, beirrg pro-
duced by decomposition of hydroxide of sodium (caustie
soda) by means of the galvanic current, after the manner
in which he obtained potassium. Chloride of sodium and
carbonate of sodium have been known from the earliest
periods of history, the term nitrum being undoubtedly ap-
plied to carbonate of sodium at an early day and afterward
affixed to saltpetre. Metallic sodium is now made by
igniting a mixture of carbonate of sodium and charcoal,
upon the principle of the preparation of potassium.
Sodium is much more easily made than potassium. Sodium
is a silver-white metal, but quickly oxidizes upon ex-
posure to the atmosphere. When heated in the atmo-
sphere combustion ensues, the flame being yellow, and
the product of the combustion being the monoxide (Na,O),
and the dioxide (N2,0,) which is sometimes called the
peroxide.” Sodium melts at 95.6° C. (203.9° F.) and vola-
tilizes at a red heat. It is an excellent conductor of heat
and electricity. When thrown into cold water it swims
upon its surface with a hissing noise, decomposing the
water and evolving from it hydrogen gas. If' the water
be hot the hydrogen is ignited, burning with a ycllow
flame, the yellow color being produced by the vapor of
sodium. Sodium reaches market in the form of sticks
that have been cut from sheets half an inch or so in
thickness. It is preserved in benzine. Sometimes these
sticks are several inches in length. It will be remembered
that potassinm occurs in the form of pellets, and that
potassium will ignite the liberated hydrogen when thrown
on cold water, and that the flame of this burning hydrogen
is pink instead of yellow.

V/ Sodium Hydroxide.—Formula, NaOH  Molecular
weight, 39.95
Synonyms.—Sodium hydrate. Caustic soda.

This compound results when sodium is thrown upon
water, and may be produced by adding water to the mon-
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Sodium Acetate. — Formula. NaC,H,0,. Molecular
weizut, 81.33.

Synonyms.—Sodee acetas. Sodii acetas. Acetate of
sodinm.

This zalt is the product of the double decomposition of
hydroxide of sodium and acetic acid, or of carbonate of so-
dium and acetic acid. It may be made by the following

Erperiment.—Add crystallized carbonate of sodium in
form of powder to a few ounces of acetic acid until effer-
vescence ceases. Then evaporate the solution until a
pellicle forms, and cool the solution ; erystals of acetate of
sodium will form.  The reaction is cxpressed as follows:

Na,CO, 4 2HC,H,0, = 2NaC,H,0, 4 H,CO,.
fodium carbonuat>.  Aceic acd. Sodium m.et.ate Carboulo aud.

The erystallized acetate of sodium contains three mole-
cules of water,being represented by NaC,H,0,+3H,0.
It dissolves in less than half its weight of boiling water,
and in about three and one-half parts of cold water.
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Sodium Arseniate.——Formula of fresh ecrystals (not
ofticinal), Nu, HASO ,12H,0. Molecular weight,401.24.
Formula of mposed sult, Na)HAaO JTH, 0. Molccu-
lar weight, 311 44.

Synony Ji)ls.—SO(lll arsenias. Arseuiate of sodiun.

This is a poisonous compound made from sodium and
arsenic, and 1s sometimes used in medicine. It is of great
importance in calico printing, as it is the only reliable
substitute for an offensive substance used in clearing the
cloth after mordanting. It is made by heating a mixture
of arsenic (arsenious acid of commerce, arsenious anhy-
drid, As,O;) and carbonate of sodium and nitrate of
sodium, to redness. The mass when cold is dissolved in
hot water and crystallized by cooling. There are several
sodium arseniates and they bear a close resemblance to
the sodinm phosphates, but are of little importance in
medicine. It might be supposed that the foregoing for-
mula would produce arsenite of sodium. This is not the
case, however, for by the roasting of the mixture nitrous
anhydrid (V,Os) and carbon dioxide (CO,) escape and
pyroarseniate of sodinm (Na,As,O;) remains. When the
pyroarseniate of sodium is dissolved in water it is con-
verted into ortho-arseniate of sodium by combining with
one molecule of water, thus: Na,As, 0,+H,0=2Na,-

HAs0,, and when this crystallizes .md is drled the arseni-

ate of sodium remains, (Na,HAs0,.7TH,0).

Arsenite of Sndium.—This is formed when arsenious
anhydrid is dissolved in solution of caustic soda. It is -
very unstable and is not nsed in medicine. The treatment
for pmsonm(r by arseniate of sodium is the same as that
for arsenious acid.

Sodium Benzoate —Formula, NaC,1;0,. Molecular
weight, 143.70,
Synonyms.—Benzoate of sodium. Benzoate of soda.
Sodii benzoas. Sodse benzoas.
Ezxperiment.—Mix one ounce of benzoic acid} with

t Use benzoie acid which is made from gum benzoin instead of
that from urine.
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eight fluid ounces of water in a capacious porcelain evapo-
rating dish, and warm it to the temperature of 180° I,
and then gradually stir powdered carbonate of sodium
into the mixture until effervescence ceases and the benzoic
acid is dissolved. Now filter the solution and evaporate
the filtrate to dryness. The reaction is expressed as
follows :—
:

Ao in? uun e soatun fonions, Curboie o

Benzoate of sodium is a white salt, odorless or possess-
ing a faint odor of benzoin, (nof of urine unless made
from the acid derived from urine,) and is very soluble in
water.

Sodium Bicarbonate.—Formula, NaHCO,. Molccular
weight, 83.84.
Synonyms.—Sodii  bicarbonas venalis. Soda bicar-
bonas.  Bicarbonate of soda. [Baking soda. Soda.]
Hydrogen sodium carbonate.  Acid carbonate of sodium,

This salt is manufactured on a very large scale and is
never made by the pharmacist. It may be prepared by
the following process as an experiment. Dry three parts
of crystallized carbonate of sodium, by exposure to a
moderate heat in an iron vessel. Then mix this in a
mortar with two parts of crvstallized carbonate of sodium
and place the mixture in a box, in a very thin layer, and
pass carbonic acid through the box until the gas ceases to
be absorbed by the powder. The reaction will be repre-
sented by the formula:—

Na,CO, 4+ H,0 4+ CO, = 2NaHCO,

fodium Water.  Carbon Sodium
carbonate. divxide. bicarbonate.

In the above the water is derived from the crystallized
carbonate of sodium (Na,CO,.10H,0.) If the entire
amount of carbonate of sodium employed were of tle
crystallized salt, the water liberated would make a mush
of the mixture, but by driving off the water of crystal-
lization from a part, by the previous application of heat,
the trouble is avoided. -
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Bicarbonate of sodium is found in market as a white
powder, odorless, of a saline cooling taste, soluble in wa-
ter though less so than the normal carbonate. 1t always
contains carbonate of sodium, but the impurity is not se-
vious. The carbonate may be removed by washing the
bicarbonate with small portions of water until the wash-
ings cease to yield a precipitate with sulphate of magne-
sinm. Afterit is dry, carbonate of sodium will be found to
have formed again.  When bicarbonate of sodium in solu-
tion is boiled carbon dioxide escapes. When this solution is
permitted to cool, erystals separate which have the compo-
sition Na,CO,+2HNaCO,+3H,0, and are thus a combi-
nation of the two carbonates of sodium. A natural salt
of this combination is found in many countries and is
known as Trona or Urao.

Sodium Bisulphite.—Formula, NalISO,. Molecular
weight, 103.85. -

Synonyms.—Hydrogen sodinm sulphite. Acid sulphite
of sodium.  Bisulphite of soda.

Bisulphite of sodium is made by passing sulphur diox-
ide into a concentrated solution of carbonate of sodium
and afterward drying the crystals which separate. Sodi-
um sulphite first forms, then the reaction is expressed :

Na,80, + SO, + H,0 = 2NalISO,,

Sodium Sulphuar Wate.. Sodrm
sulphite. dioxide, bisulphtte.

Sodium bisulphite has the odor and taste of burning sul-
phur and an acid reaction. This salt must not be con-
fused with

Sodium Disulphite Nu,S,0, which results, accord-
ing to Muspratt, from passing sulphur dioxide into a hot
saturated solution of sodium carbonate.

Sodilum Bromide.—Formula, NaBr. Molccular weight,
02.74,

Synonym.—Bromide of sodium.

This is prepared precisely after the directions for mak-
ing bromide of potassium, carbonate of sodium being
substituted for the carbonate of potassium of that preeess.
If the crystals of bromide of sodium be deposited from
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a hot concentrated solution, they are anhydrous and cu-
bical. If crystallized from an ordinary solution, by eva-
poration at ordinary temperatures, monoclinic prisms
form containing two molecules of water, (NaBr2H,O).
Bromide of sodium is soluble in less than its weight of
hot water, and in one and one-fourth parts of cold water.

Sodium Carbonate.—Formula, Na,CO, Molecular
weicht, 105.83. Crystallized—tormulx, Na,CO,+
10H,0. Molccular weight. 285.43.

Synonyms.—Sodii carbonas. Carbonate of sodium. Car-
bonate of soda. Sal-soda. Washing soda. Normal car-

bonate of soda. [Soda-ash (anhydrous carbonate of sodiu m).]

Carbonate of sodium is produced in immense quanti-
ties in the alkali manufacture. It is found in the waters
of many lakes, in the ashes of plauts from the sea shore
and from marine plants, and is found in the soils of some
countries.  When sulphate of sodium is ignited with
chalk and coal dust carbonate of sodium results. Tt is
unnecessary to give an experiment here for making this
salt as it is never made even upon an ordinary scale, and
may be purchased for a few cents per pound.

Properties—Carbonate of sodium crystallizes from a
concentrated solution which is slowly allowed to cool, in
large transparent crystals of the composition Na,CO,4
+10H,0. Sometimes these erystals weigh many pounds.
They have the specific gravity, 1.45, and are soluble in
tyvo parts of water and evolve heat in the act of solu-
tion.  Carbonate of sodium has an alkaline taste and re-
action, and effloresces upon exposure to a dry atmosphere,
falling into a white powder.

The commercial ervstallized carbonate nsually contains
sodium chloride and sulphate, and even other impurities.
These may be separated by recrvstallization,

There are carbonates of sodium containing different
amonnts of water of crystallization, but such are not used
in medicine.
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/ Sodium Chloride.—Formula, NaCl. Molecular weight,
58.36.
Synonyms.—Chloride of sodium. Salt. Common salt.
Chloride of sodium is the most widely and abundantly
distributed of salts. It occurs in the form of beds in
many places, in the waters of many springs, in various
_soils, in the waters of some inland lakes and in the ocean.
It is one of the most important of substances, and yet,
from its very abundance, requires little attention from us,
and is never made from its component elements.
Properties.—Chloride of sodium usually crystallizes in
the form of cubes, yet rock-salt is found as octohedrons
and in forms intermediate between the cube and octohe-
dron. It hasthe specific gravity at 0° C. (32°F.) of 2.16;
it melts at 776° C. and volatilizes, unchanged, at a little
higher degree. It is slightly more soluble in warm than
in cold water. At 0° C. (32° F.) water dissolves355parts
~of chloride of sodium, at 5° C. (41° F') it dissolves 35.63
parts, and at 100° C. (212°F.) dissolves 39.16 parts. Chlo-
ride of sodium sometimes contains, as impurities, sulphate
of sodium and the chlorides of magnesium, iron, and
calcium. These are unimportant as regards its use in
pharmacy unless they exist in larger amount than is pos-
sible with the purified table salt. If chloride of calcium
be present to any appreciable extent, the salt will become
moist upon exposure to the atmosphere.

Liquor Sode Chlorinatse, U. 8. P.

Synonyms.—Solution of chlorinated soda. Labarraque’s
solution,

This is made as follows :—

Dissolve twenty-four troy ounces of carbonate of sodium
in three pints of hot water, and mix it with a solution of
chlorinated lime previously prepared by triturating twelve
troy ounces of chlorinated lime with nine pints of water.
Allow the mixture to settle, decant the clear solution
and wash the residue with water sufficient to make the
lignid measure eight pints.

Solution of chlorinated soda is colorless and evolves the
disagreeable odor of chlorine. It decomposes upon ex-

17
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posure, and owing to this fact and.the variable quality of
the chlorinated lime of the market of which it is pre-
pared, is liable to be of uuncertain strength. It is an
excellent disinfectant.

Sodium Hypophosphite.—Formula,NaPH,0,+H,0.
Molecular weight, 103.83.

Synonyms.—Hy pophosphite of sodium. Hypophosphite
of soda. .

_This salt may be made by the process employed in
making hypophosphite of potassium (see page 181) sub-
stituting in this case carbonate of sodium for the carbo-
nate of potassium of that formula, thus:—

Na,CO,+2HPH,0,=2NaPH,0,+H,C0,.

Hypophosphite of sodium is generally made in practice
by double decomposition between hypophosphite of cal-
cium and carbonate of sodium, the solution of hypo-
phosphite of sodium being afterward filtered from the
precipitated carbonate of calcium, after which it (solution)
is evaporated carefully to dryness.

Properties.—Iy pophosphite of sodium may be obtained
in pearly crystals, but that of commerce is in the form of
a white granular powder, or in warty masses. It will keep
in a dry atmosphere; but deliquesces in moist air. Tt is
very soluble in water, has a salty, alkaline taste, and dis-
solves in alcohol.  When strongly heated it evolves phos-
phoretted hydvogen which inflames, the residuum being a
mixture of the meta and the pyrophosphates of sodium.

Sodium Hyposulphite. — Formula, NaBSO,. Mole-
cular weight, 119.81.

This salt is made by the action of metallic zine upon
aqueous solution of sulphurous acid, or the solution of
acid sulphite of sodium. Tt is not used in medicine and
is not the salt generally known under the name of Hypo-
sulphite of sodium. That which follows is—
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Commercial ngosulphit.e of Sodium.—Formula,
Nu,3,0,45H,0,. Molecular weight; 247.62,

Synonyms —Thiosulphate of sodium (new name). Hy-
posulphite of soda (old name).

This salt is made in immense quantities for use in the
arts by boiling sulphite of sodium with sulphur, or by
boiling sulphur and soda-lye together and then passing
sulphur dioxide into the solution until 1t is colorless. In
either case the solution is evaporated to crystallization.

Hyposulphite of sodium crystallizes as large transparent
crystals resembling Glauber’s salt. They are possessed of
a cooling saline taste, are permanent in the air, have the
specific gravity 1.672, dissolve freely in water, are in-
soluble in alcohol, and are odorless. The aqueous solution
of it decomposes and deposits sulphur. It is employed
in photography, and in dyeing,and in the manufacture of
paper.

Sodium Iodide.—Formula, Nal. Molccular weight,
149 2. .

Synonyms.—Sodii iodidum. Iodide of sodium.

This salt may be made by the process recommended
upon page 174 for the preparation of bromide of potas-
sium. TIn this instance solution of iodide ot iron is to be
first made from iodine and iron, and this by double de-
composition with solution of carbonate of sodium will
yield solution of indide of sodium and precipitated car-
bonate of iron.  The solution of iodide of sodium is to be
obtained by filtration from the carbonate of iron, and
afterward evaporated to dryness, and removed to- well
stoppered bottles. ’

Properties.—Todide of sodium is a white crystalline
powder, and is deliquescent. It erystallizes in anhydrous
cabes from hot concentrated solution, but by spontaneous
evaporation monoclinic prisms which contain two mole-
cules of water are formed. Iodide of sodium dissolves
in less than half its weight of hot waterand in two-thirds
its weight of cold water. It has a saline taste.
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Sodium Nitrate.—Formula, NaNO,. Molecular weight,
84.88.

Synonyms.—Sodii nitras. Nitrate of sodium. Cubic
saltpetre. Chili saltpetre. Cubic nitre.

Nitrate of sodium may be made in an experimeuntal
manner by adding carbonate of sodium to diluted nitric
acid until effervescence ceases. The solution is then to
be evaporated to crystallization, and permitted to cool,
that crystals may form. Nitrate of sodium is found in
large depoelts in the rainless districts of Peru and Bolivia,
associated with sulphate and chloride of sodium and sul-
phate of caleium. It is exported from these countries in
immense quantities in a more or less purified coudition,
and for the purpose of making nitric acid is used instead
of the more expensive nitrate of potassinm. Sodium
nitrate has the specific gravity 2.26, is very soluble in
water and deliquesces in moist air. Tt crystallizes trans-
parent and the crystals are obtuse rhombohedrons.

Sodium Phosphate. — Formula, Na,0PO,12H,0.
Molccular weight, 357.30.

Synonyms.—Sodii phosphas. Phosphate of sodium.
Hydrogen disodium orthophosphate.

lesphon ic acid is tribasic (H;PO,) and is therefore
capable of yielding three different phosphutes —
1. Trisodium orthophosphate, Na,PO,+12H,0.

2. Hydrogen dlsodmm01Lhoph0sphate Na,HPO,+12H,0
3. Dihydrogen sodium orthophosphate, NaH, .PO,+H, 0.

The second of these we find in market under the
name phosphate of sodium, or phosphate of soda, and as
the others are of no use in medicine we will only consider
the :—

Hydrogen Disodium, Orthophosphate, or ordinary
phosphate of sodium. This may be made by neutralizing
orthophosphoric acid with carbonate of sodium, thus—

N.,CO, 4+ H,PO, = Na,HPO, + H,CO,.

Qofhnm Phosphoric Phrwnhnle ot Car Ivonw
carvonate. acid. sodium. acid.
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It is made practically from bone-ash, but the process is
tedious and scarcely necessary to inculcate mto a work of
this description.

Properties.—Phosphate of sodium crystallizes in large
transparent monoclinic prisms which coutain twelve imole-
cules of water of crystallization. They give off a portion
of this water upon exposure to dry air, and effloresce.
They have the specific gravity of 1.525 and dissolve freely
in water, but are insoluble in alecohol. With solution of
nitrate of silver a solution of this salt produces a yellow
precipitate. When calcined they part with their water
of crystallization and form what is known as—

Normal Sodium Pyrophospha.te, or pyrophosphate
of sodium. Na,P,0,.

This is a glassy mass, soluble in water, and the solution
has a strongly alkaline reaction. When the solution is
boiled with an acid the salt changes to the ordinary phos-
phate (Stromeyer). When a solution of pyrophosphate
of sodium is evaporated to crystallization, the crystals
which form contain ten molecules of water (Na,P,0,4
10H,0). Pyrophosphate of sodium is used to make the
so-called pyrophosphate of iron.

Sodium Salicylate. —Formula, Na,C,H,0,, Molscu-
lar weight, 181.65.

Synonyms.—Salicylate of sodium. Salicylate of soda.
This salt is made easily by the following—

Ezxperiment.—Mix one part of pure salicylic acid with
eight parts of water, in a porcelain dish, and heat to the
tempemtme of 80° C. (176° F.), then gradually stir into
this a strong solution of carbonate of sodium until it ceases
to produce eﬂ‘elvesconce, and a clear solution is produced.
Add now a few grains of salicylic acid, and if efferves-
cence follow continue the addition of salicylic acid until
it occasions no farther effervescence. Then filter the so-
lution by means of a funnel the exit of which is plugged
with a wad of cotton. Lastly, evaporate the solution ta
dryness over a water bath. Dunlw the addition of the
sodium carbonate, and afterward while evaporating the
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solution, stir constantlywith a porcelain or wooden spatula.
The reaction is explained as follows :—

m,Cc,H,0, + Na,CO, = Nua,C,H,0, 4 H,CO,.

Salicylic acid. Sodium carbonate. Sodium salicylate. Carbonic acid.
If an iron spatula be employed to stir the solution, or an
ordinary filtering paper to filter it,a red color will result.

Properties.—Salicylate of sodium has sometimes a pink-

ish appearauce. It is very soluble in water, and strikes
a red color with ferric salts. It should be white.

Sodium 8ilicate, — Formula, Na,8i,0,. Molecular -

weight, 301.62,

Synonyms.—Sodii silicas. Silicate of sodium. Silicate
of soda. Soluble glass.

Silicate of sodium is made upon the large scale by dis-
solving flint under pressure in a hot solution of caustic
soda, or by heating white sand, soda-ash and charcoal
together.

Properties—Soluble glass of the market usually con-
tains an excess of caustic soda. It is generally sold in
the form of a thick solution, odorless, and of a yellowish
or amber color. It is but little used in medicine, although
it is a powerful agent in arresting putrefaction. Itis
employed as a mucilage, for making soap, for painting, for
making artificial stone, and in other branches of thearts.
When uearly neutral it is used to adulterate certain kinds
of fancy candies. The silicate of sodium of commerce is
made in salt works where caustic soda is abundant.

Sodium Sulphate.—Formula, Na,S80,. (anhydrous)
Molecular weight, 141 80. Crystallized,—Na,SO0,+
10H,0. Molecular weight, 321.4,

Synonyms.—Sodii sulphas.  Sulphate of sodium. Sul-
phate of soda. [Sodium deca-hydrate.] Glauber’s salt.
(Salt-cake, for the anhydrous).

Sulphate of sodium is found native (anhydrous), in the
waters of certain mineral springs, in the waters of the
ocean and salt lakes, and is an incidental produet of many
chemical operations. This salt was first mentioned by
Glauber, and from this fact derived the common name,
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Glauber’s salt. 1t is very cheap and common.at the
present day. It may easily be made as an experiment by
saturating a selution of carbonate of sodium with dilute
sulphuric acid, thus:— ,

H,%0, 4+ Nu,CO, = Nu,80, + H,(O,.

Sulphurie Sodium Sodium Cat bouse
acid. carbonate. sulphate acid.

The salt may be obtained in the form of crystals from the
foregoing solution by evaporating it to the proper consist-
ence and allowing the seiution to cool.

Properties.—Glauber’s salt crystallizes from cold aque-
ous solution in colorless mono-clinic prisms, which efflo-
resce in dry air.  They melt in their water of erystalliza-
tion at 33° C. (91.4° F.) and become anhydrous upon
exposure to a temperature of less than 100° C. (212° I.)
One hundred parts of water dissolve fifly-five parts of
Glauber’s salt at 34° C. (93.2° F.) and above this tempera-
ture, as the heat is increased, there is a constant decrease
of the amount of salt dissolved until at 103.5° C. (218.3°
F.) only 42.2 parts are held in solution. This is explained
by the fact that above 34° C. the deca hydrate (Na,SO,-
+10H,0) begins to decompose, giving rice to the anhy-
drous salt (Na,80,) of much less solubility.

Sodium Sulphite. — Formula, Na,SO,. Molecular
weight, 125.84. Crystallized, Na,S0,7H,0. Mole-
cular weight, 251.56.

Synonyms.—-Sodii sulphis.  Sulphite of sodium. Sul-
phite of soda. Normal sodium sulphite.

Sulphite of sodium is made by passing sulphur dioxide
into a solution of carbonate of sodium until the solution
will change the color of blue litmus paper to red, then’
evaporating it to erystallization. The reaction is as fol-

lows :—
Na,CO, + SO, = Na,80, 4+ CO,.

fod um Sulphur Sodinm Carbon
carbonate. dioxide. sulphite. dioxide.

Sulphite of sodium may also be made by adding solu-
tion of sulphurous acid to solution of carbonate of sodium
until an acid reaction results, and afterward evaporating
the solution to crystallization, thus:—
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Na,CO, + H,80, = Na,80, + H,CO,.
~odium Sulphurous 8osium Carbonic¢
cuibonate. acil. sulphite. acid.

Still another process is to pass sulphur dioxide into
solution of carbonate of sodium until the gas ceases to be
absorbed. Then dissolve in the solution an amount of
sodium carbonate equal in weight to the sodium earbonate
originally employed. This process is explained by the
fact that when solution of carbonate of sodium is satu-
rated with sulphur dioxide, bisulphite of sodium is formed,
thus:—

Na,CO, + 280, 4 H,0 = 2NaHSO, + CO,.

Sodium Sulphur Water. Sodium Carbon
carbonate. dioxide. Lisulphite. dioxide,

And when an equal amount of carbonate of sodium is
added to this solution of bisulphite of sodium, carbonie
acid is displaced and normal sulphite of sodium results as

follows :—
X
Na,CO, + 2NaHSO, = 2Na,80, + H,CO,.
Sodium Sodinm Sodium Carbonic
cartonate. bisulphite. salphiute. acid.

Properties.—Sulphite of sodium is deposited in trans-
parent crystals of the monoclinic system. They have a
strong sulphurous taste, and in solution react alkaline
towards litmus paper. They are soluble in their weight
of boiling water and in about five parts of cold water.
They absorb oxygen from the air and change to sulphate
of sodium. This property is also possessed by solution
of sulphite of sodium, therefore it is essential that the
bottle containing it should be securely corked. When
heated it loses its water of crystallization. The dried salt
is prepared as a medicine, but is less soluble thanthe crys-
tallized.

Tests for Sodium.—Sodium compounds impart a vellow
color to a-jet of burning hydrogen. The most delicate
test for sodium is spectrum analysis.

If the solution of a sodiam salt be mixed with au ex-
cess of platinum tetrachloride solution, a precipitate is
produced (Na,PtCl;) which dissolves readily in alcohol.
Advantage is taken of this fact in the separation of so.
dium and potassium compounds, for the potassium chlo-
roplatinate thus produced is insoluble in alcohol.
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LITHIUM.
Symbol, Li. Atomic Weight, 7.01.

Lithium (as lithia) was discovered in the year 1817.
It derived its name from litheios, a word which signifies
“stony.” The salts of lithium are widely distributed
throughout the animal and vegetable kingdoms, but in
very small quantities. The waters of certain mineral
springs contain lithium salts, notably the water from a
spring in the Wheal Clifford mine in Cornwall, England.
It is present in most soils, being derived from the disin-
tegrating rocks. From the soils it is taken by vegetables
and from the vegetable kingdom is carried to animals,

Properties—Lithium, the metal, was first prepared in
experimental quantities by Bunsen and Matthiessen in
the-year 1855, although Davy is said to have obtained
traces of the metal by electrolysis. Lithium is a silver-
like metal, and tarnishes by exposure to the atmosphere,
though less readily thian potassium aund sodium. It is re-
markable for being the lightest of the known solid ele-
ments, having the specific gravity of from 0.5891 to
0.5983, (water the standard). Cousequently it will float
upon water and even upon benzine. It is harder than
potassium and sodinm and softer than lead. Melts at
180° C. (356° F.) and when it is heated somewhat above
this point in the air it burns with a white flame.  Nitrie
acid acts upon it with violence. It burnsif heated in
chlorine, bromine vapor or iodine vapor, forming com-
pounds of the respective elements.  When thrown upon
water it floats and rapidly oxidizes, but does not fuse.
Lithium is not used in medicine or the arts, but a few of
the salts of lithium are used in medicine,

Lithium Bromide.—Formula, LiBr. Molecular weight,
86.76.

Synonyms.—Lithii bromidum. Bromide of lithium.
This salt is most easily made by the following process.
Place a few fluid ounces of freshly prepared hydrobromic
acid in a capacious evaporating basin, and gradually stir
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into it carbonate of lithium until effervescence ceases and
the carbonate is no farther dissolved ; then filter the solu-
tion and evaporate it to dryness. Lastly preserve the dry
salt in well closed vials. The foregoing reaction is ex-
plained by the following equation :—

Li,CO, 4+ 2HBr = 2LiBr + H,CO,.

Lithium  Hydrobromic Lithium Carbonic
Carbouate. acid, bromide. acid.

Bromide of lithium is a white powder, but may be ob-
tained in crystals by evaporating a concentrated solution
of it over sulphuric acid. This salt is characterized by
the fact that it contains a larger proportion of bromine
than any other solid salt into which bromine enters.

Lithium Benzoate.—Formula, LiC,H,0,. Molecular
weight, 127.72.

Experiment.—Mix in a capacious porcelain evaporating
dish oue part of benzoic acid made from gum’benzoin
with eight parts of water, and having warmed the mix-
ture, gradually stir into it carbonate of lithium until
effervescence ceases and the benzoic acid is dissolved.
Now filter the solution and evaporate it over a water bath
until a dry salt remains. Benzoate of lithium is white
and odorless, or it may possess a slight agreeable odor
of benzoin. It should never be employed when it ex-
hales the odor of putrid urine, and such may be the case
if the salt is impure from having been made from benzoic
acid which was produced from urine. If solution of
benzoate of lithium be evaporated until a pellicle forms
and is then cooled, it will form colorless satin-like crystals.

Lithium Carbonate.—Formula, Li,CO,. Molecular
weight, 73.87.

Synonyms.—Lithii carbonas. Carbonate of lithium.
Carbonate of lithia. Normal lithium carbonate. »

This salt may be made by pouring a solution of chlo-
ride of lithium into a solution of carbonate of ammonium
in ammonia water, and then heating the mixture as long
as a precipitate forms. This precipitate is to be dried by
exposure to the atmosphere. :
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Carbonate of lithium is a white powder, odorless and,
very slightly soluble in both hot and cold water. It dis-
solves perfectly in most acid solutions forming the respec-
tive salts. Oxide of iron is sometimes present as an
impurity in carbonate of lithium. Carbonate of lithium
is of interest from the fact that it is employed in phar-
macy to prepare all the salts of lithinm that are used in
medicine.

Bicarbonate of Lithium, or hydrogen lithium carbo-
nate, LIHCO,, is the form in which lithinm is found in
some mineral waters. It is soluble to the extent of five
parts in one hundred of water, and it may be made arti-
ficially by spontaneously evaporating a saturated solution
of earbonate of lithinm unutil a erystalline deposit results,
and afterward passing carbon dioxide through the mix-
ture until the crystals dissolve again. This salt is unstable
and upon evaporation of the solution, or exposure of it to
the atmosphere, carbon dioxide escapes and the normal
salt is deposited, thus:—

2LiHCO, = Li,CO, + CO,+1,0.

Hydrogen lithium Lithium Carbonic acid.
carbonute. carbonate.

Lithium OCitrate.—Formula, Li,C,H,0,. Molecular
weight, 209.57.

Synonyms.  Lithii citras. Citrate of lithium. Citrate
of lithia.

Erperiment.—Dissolve one part of citric acid in eight
parts of water in a capacious evaporating dish, and having
warmed the solution, gradually stir into it carbonate of
lithium until effervescence ceases. Then filter the solu-
tion of citrate of lithinm, return it to the dish, and evapo-
rate it to dryness on a sand bath. The reaction by which
citrate of lithium is prepared by the foregoing formula is
expressed as follows :—
3Li,CO,+ 2H,C,H,0, = 2Li,C,H,0,43C0,+43H,0.

Lithium Citric acid. Lithium Carbon  Water.
<carbonute. citrate. dioxide.

Citrate of lithium is a white powder, and must be pre-

served in well closed vials, as it deliquesces in moist air.
It is very soluble in water.
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Lithium Iodide. — Formula, Lil. Molecular weight,
133.64.

Synonyms.—Lithii iodidum. Todide of lithium.

This salt may be produced by the process recommended
for making bromide of lithium, Aydriodic acid being sub-
stituted for hydrobromic acid. The remarks we have
applied to bromide of lithium may be also accepted for
this salt, iodine being substituted for the word bromine.

Tests for Lithium Compounds.—Minute proportions
of this element are detected by the spectroscope. The
hydrogen flame is colored carmine-red by lithium com-

unds, Salts of lithium may be detected by this method.
‘S)(t)rontium is liable to be confused with lithium, but the
flame is colored of a purer scarlet by salts of lithium,
than by salts of strontium. If a lithium flame be examined
through an indigo prism, it appears carmine-red where
the solution is thin and fainter in color, as the thicker
portion of the prism is approached, at last being entirely
overcome. Potassium under like conditions is blue where
the prism is thin, changing to violet as it thickens, at the
center becoming crimson-ved. If an ordinary neutral so-
lIution of a lithium salt be boiled with solution of sodium
phosphate (Na, HPO,), a crystalline precipitate of normal
lithinm phosphate (LizgPO,) results. In this manner
lithium can be separated from potassium and sodium.

RUBIDIUM.
Symbol, Rb. Atomic weight, 85.2.

Bunsen discovered this element in the year 1861, by
the aid of spectrum analysis. It exists in many minerals,
saline springs and earths, and is taken up in minute
amounts by the vegetable kingdom. Neither rubidium
nor any of its salts is used in medicine.

CZESIUM.
Symbol, Cs. Atomic weight, 132.5.

Ceesium is remarkable from the fact that it is the first
clement which was discovered by means of the spec-

/
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troscope. Bunsen discovered it in the year 1860, just
preceding his discovery of rubidium. Up to our day
the pure element has not been obtained, although small
globules of the metal appear at the negative pole when a
current of electricity is passed through melted chloride of
cesium (electrolysis). These rise to the surface and burn
brilliantly. Ceesium salts are found widely disseminated
throughout the mineral kingdom and in many saline
waters, but not in plants. None of the compounds of
ceesium are used in medicine.

AMMONIUM SALTS.

When a small piece of moistened sal-ammoniac is placed
within a platinum dish, and a little mercury is poured upon
it, and the negative pole of a galvanic battery is attached
to the mercury, and the positive pole to the platinum, the
sal-ammoniac is decomposed. The mercury swells and
forms what is known as ammonium amalgam. This may
alco be made by placing a globule of mercury the size of
a pea in a test tube, and adding to it potassitm in small
pieces until a lump of potassium the size of the mercury
]ms been used. Pour upon the amalgam a strong solution
of chloride of ammonium. The globule at the bottom
of the tube expandsto asilvery mass (ammonium amal-
gam), until often the entire tube is filled, then with escape
of ammonia and hydrogen it will suddeuly shrink to its
former size.
~ Upon these facts we find some chemists base their be-
lief in the existence of a radical emmonium, which they
suppose is similar to potassium and sodium in some re-
spects, but so readily decomposed into simple elements as
to debar isolation and thus forbid examination. Be this
as it may, the theory of a radical ammonium (NH,) is the
basis of onr present notation of the salts known as ammo-
nium salts, and these salts are at this day considered to be
derived from acids by replacement of their hydrogen by
the radical NH, (ammonium). Thus as an example we
may say that NH,OH is hydroxide of ammonium, upon
the same principle that we say KOH is hydroxide of

-
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potassium. Hydroxide of ammonium, -however, is not
permanent and separates into a compound of the compo-
sition NH; (ammonia gas) and (H,O) water. All endeav-
ors to obtain the radical NH, have failed, if we may except
the amalgam theory before mentioned. The compound
(NH,) is univalent, and replaces one atom of hydrogen
or of any element that can replace an atom of hydrogen.
Example:—
NH,OH 4+ HNO, = NH,NO, 4 H,0.
Ammonium hydroxide. Nitric acid. Amwmonium nitrate. Water.

We may also argue that hydroxide of ammonium is a
solution of ammonia gas in water, and in this case express
our equation as follows :—

NH, 4+ H,0 4+ HNO, = NH,NO, + H,O.
Ammonia gas. Water,  Nitric acid. Ammoniun nitrate. Water.

In cither instance the result may be accepted as a com-
pound of NH, with the nitric acid radical NO,.}

If we accept the radical ammonium, the salts of it
should be classed with those of potassium and sodium.
Practically they are similar, and the potassium or sodium
of a compound may be replaced by the combination NH,.
For this and other reasons we shall follow the first group
of metals with the ammonium salls.

Ammonium Acetate.—Formula, NH,C,H,0,, Mole-
cular weight, 76.87.

Acetate of ammonium is not permanent. It is made in
solution by neutralizing acetic acid with carbonate of
ammouium, or with aqua ammonis

Acetate of ammonium dissolves in water, and is used
by physicians under the name Liquor Ammonii Acetatis,

+ These salts may also be called combinations of ammonia,
NH,, with an acid, thus:—
NH, 4+ HCI = NH,HCL
Ammonia. Hydrochloric acid. Hydrochlorate of ammonia.
NH, 4+ HNO, = NH,HNO,.
Ammonia. Nitric acid. Nitrate of ammonia. .
According to this view ammonia is similar to organic bases

fl—-.\(nlkaloids), and thus forms salts by uniting bodily with acids.
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U. 8. P., or Spiritus Mindereri. 'The officinal process for
making it is as follows: Take of diluted acetic acid two
piuts, and of carbonate of ammonium a sufficient quan-
tity, add the carbonate gradually to the acid until the
latter is neutralized, and then filter. When this prepara-
tion is dispensed, it should be freshly made.

Properties.—Solution of acctate of ammonium should
be colorless, and should freely evolve gas bubbles when
exposed to the atmosphere and stirred. It should not
have a disagreeable smoky odor, and for this reason the
acetic acid employed must be pure and free from empyreu-
matic products. If fresh it contains an abundance of car-
bonic acid, and has a sharp, pleasant taste. In consequence
of the presence of the carbonic acid, blue litmus paper
can not be used with satisfaction as a test for neutraliza-
tion in its preparation. A better plan is to add a lump
of carbonate of ammonium to the diluted acetic acid, and
remove it immediately when effervescence ceases. Then
add a little acetic acid to give the solution a pleasant
acidity.

Ammonium Benzoate,—Formula, N11,C,H,0,. Mo-
"~ lecular weight, 138.72.

Synonyms.—Ammonii benzoas.. Benzoate of ammo-
nium. Benzoate of ammonia.

Ezxperiment.—Take of benzoic acid, from gum benzoin,
two troy ounces; water of ammonia, three and a half fluid
ounces, or a sufficient quantity ; distilled water, four fluid
ounces. Dissolve the acid in three and a half fluid ounces
of the water of ammonia mixed with the distilled water;
evaporate with a gentle heat, occasionally adding water of’
ammonia, if necessary, to maintain a slight excess of the
alkali; then set aside to crystallize, and dry the crystals
without heat. (U. S. P.)

Properties.—Benzoate of ammonium is in white erys-
tals, which evolve ammonia when heated with solution of
caustic potash or caustic soda. It is quite soluble in
water, possesses a sweetish taste and should be either odor-
less or should simply exhale a slight aroma of gum ben-
zoin.  Under no condition shonld it be offensive to. the
sense of smecll, or evolve the odor of stale urine.
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Ammonium Bromida.—Formula, NH,Br. Molecular
weight, 97.76.

Synonyms— Ammonii bromidum. Bromide of ammo-
niumn.

Bromide of ammonium may be made by decomposing
a solution of bromide of iron with a solution of carbon-
ate of ammonium, filtering the solution of bromide of
ammonium from the precipitated carbonate of iron, and
evaporating the bromride of ammonium solution to dry-
ness. It cannot be practically prepared by the officinal
process of the U. 8. P. where ammonia water is employed
to decompose the bromide of iron solution, as ammonia
will not accomplish the desired end, and the salt will then
be discolored, or even red. Bromide of ammonium is
most easily made for experimental purposes by neutraliz-
ing any given amount of hydrobromic acid with ammo-
nia water, and then evaporating the solution to dryness.
The reaction is as follows :—

HBr + NH,OH = NH,Br + H,O.

Hydrobromic Ammonium Ammonium Wuter.
acid. hydroxide. bro.nide.

Bromide of ammonium is a white salt, very soluble in
‘water and possessed of a sharp, salty taste. It leaves no
residue when strongly heated upon a piece of platinum
foil. Tts solution is not precipitated by solution of ba-
rium chloride.

.

X Commercial Ammonium Carbonate.-—Formula, N,
H#,,0,0,=H(NH,)CO,NH,CO,NH,. Molecular
weight, 1566.77.

When a mixture of two parts of chalk and one part of
chloride of ammonium is heated in a retort a white sub-
stance sublimes, known, after resublimation with alittle
water, as carbonate of ammonium. This is the old sal-
volatile or salt of hartshorn. It is mot properly a true
carbonate of ammonium, but a mixture of two substances,
hydrogen ammoninm carbonate (bicarbonate of ammo-
nium) and ammonium carbamate. :

Commercial ammonium carbonate is sometimes called
sesquicarbonate of ammonia. Tt occurs in market as
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translucent masses of a pungent ammoniacal odor and a
sharp, caustic taste. According to Roscoe and Schorlem-
mer, it is composed of a molecule of bicarbonate of am- -
monium, (NH,)HCO,, and a molecule of carbamate of
ammonium NH,CO,NH,. Consequently its composition
is represented by the empirical formula N;H,,C,0;.
Upon exposure the carbamate volatilizes, the lump turns
white, opaque, loses its pungency, becomes of light weight,
and finally only bicarbonate of ammonium remains. For
this reason carbonate of ammonium should be kept in
salt-mouth bottles, and-should be discarded after it has
undergone decomposition.f  Carbonate of ammonium
sometimes contains traces of iron salts which give it a

ink tinge. It should be completely volatilized when
Eeated to redness upon platinum foil, and if this is not the
case, fixed impurities such as sulphate of calcium are pres-
ent. Sometimes metallic lead is present in the form of
small chips or shavings, such being scraped from the re-
ceiver in which the salt was condensed.

Hydrogen Aramonium Carbonate or Bicarbonate of Am-
monium, (NH )HCO,. This salt is sometimes found in
crystalline form in Patagonian guano and in the purifiers
of gas-works. It is the white substance which remains
when commercial earbonate of ammonium is treated with
aleohol, or is exposed to the atmosphere until it ceases to
evolve the odor of ammonia. It is soluble in about eight
parts of water at ordinary temperatures, is insoluble in
alcohol and is not valued in medicine. '

Normal Ammonium Carbonate, (NH,),C0,+H,O, This
salt is formed (R. and S.) when ammonium carbamate is
dissolved in water as follows :—

NH,CO,NH, 4 2H,0 = (NH,),CO,+H,0.

Ammonium carbamate, Water. Amwonium carbonate.

It may be prepared otherwise, but the processes are of
little general interest. It must be remembered that com-

}The German Pharmacopeeia recognizes ammonium carbonicum
pyro-olcosum which is made by mixing thirty-two parts of finely
powdered commercial carbonate of ammonium with ethereal ani-
mal oil one part.

15
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mercial carbonate of ammonium contains carbamate of
ammonium, and therefore, an aqueous solution of com-
mercial carbonate of ammonium is to an extent a solution
of the normal carbonate. This results from the combi-
nation of the carbamate of ammonium with water which,
as is shown above, forms the normal carbonate of ammo-
nium.

Carbamate of Ammonium, NH,CO,NH,. This,as be-
fore stated, is a component of commercial carbonate of
ammonium. It is formed by bringing dry carbon diox-
ide into contact with dry ammonia gas, or by passing the
two gases into cold, absolute alecohol.  In the reaction
which follows one molecule of carbon dioxide combines
with two molecules of ammonia as follows :—

CO, + 2NH, = NI,CO,NH,.

Carbon Ammouia. Ammonium
divxide. carbawate.

This salt is considered the valuable constituent of carbo-
nate of ammonium; it has a pungent, ammoniacal odor,
is a crystalline powder, and when heated to 140° C. (284°
F.) it decomposes into urea and water, thus :—
NH,CO,NI, =CO(NH,),+H,0.

Ammonium carbamate. Urca. Water.

Ammonium Chloride.—Formula, NH,Cl. Molecular
weight, 53.38.

Synonyms.— Ammonii chloridum. Chloride of ammo-
nium. Muriate of ammonia. Hydrochlorate of ammo-
nia.  Sal-ammoniac.

This salt was introduced into Europe from Egypt,
where it was made by burning camel’s dung. It has been
stated that it derived the original name, sal-ammoniacum,
from the temple Jupiter Ammon, near the Libyan desert,
but as this desert yields common salt, very likely the
name was confused with the two salts,

Chloride of ammonium is found native in the neighbor-
hood of voleanoes and in some specimens of guano. It
may be easily made by neutralizing hydrochlorie acid with
ammonia water and afterward evaporating the solution
to dryness, the reaction being expressed by the equation:
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HCl 4- NH,OH = NH,CI 4 H,0.

Hydrochloric Hydroxide of  Ammouium Water.
acid. amu.onium. chloride.

In the arts chloride of ammonium is made by heating
sulphate of ammonium with lime, as in the preparation of
ammonia water, and passing the ammonia gas which is
evolved into muriatic acid. This solution of chloride of
ammonium is afterward evaporated to dryness and the dry
salt volatilized and condensed. Or a mixture of chloride
of sodium and sulphate of ammonium is heated, when by
double decomposition chloride of ammonium is formed,
and volatilizes while sulphate of sodium remains, thus:—

2NaCl 4+ (NHd,),80, = Na,S0, 4+ 2NH,CI

Sodium Ammonium Sodium Ammonium
chloride. sulphate. sulphate. chloride.

Properties.—Chloride of ammonium is found in market
in fibrous masses, very heavy and of a slight reddish or
yellowish color (iron), particularly upon the surface. It
is translucent and has a sharp saline taste.  When pure it
is colorless and odorless. It dissolves freely in water with
much decrease of temperature, and is soluble to a consid-
erable extent in alcohol. The most common impurity of
the commercial salt is iron, which may be separated by
dissolving the chloride of ammonium in water, adding a
slight excess of ammonia water, filtering the product and
afterward evaporating the filtrate to dryness. Formerly
chloride of ammonium was emploved in making ammonia
water, but it is now replaced for this purpose by the
cheaper sulphate of ammonium.

Ammonium Citrate.—Formula,(NH,),C,H,;0,. Molec-
cular weight, 242.57.

Synonyms.— Ammonii citras. Citrate of ammonia.

Ezxperiment.—Dissolve three parts of citric acid in six-
teen parts of water and add a sufficient amount of strong
ammonia water to completely neutralize the acid. This
is in accordance with the British Pharmacopeeia, not being
officinal in the U. S. P. Citrate of ammonium in the
dry state is never used in medicine. The solution of
citrate of ammonium is one of the ingredients of the
scaled iron salt known as pyrophosphate of iron.
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Ammonia.—Formula, NH;. Molecular weight, 17.01.

Synonym.—Ammonia gas. 7~

When a silent electrical discharge is passed through a
mixture of nitrogen and hydrogen gases it is demonstra-
ted (Donkin) that direct combination may ensue, and that
a body of the above composition will in that case be
formed. Ammonia has been known since a very early
day. It exists in small amount in the atmosphere as a
carbonate, and is found in combination with nitrous and
nitric acids in rain water, and as chloride of ammoniam
it is obtained from several natural sources. In the arts
it is made by heating an alkali with either the sulphate
or the chloride of ammonium. Generally sulphate of
ammonium and lime are employed on account of the
cheapness of these salts. Ammonia gas in an impure
form is derived almost exclusively from the organic king-
dom for the purpose of making the salts of ammonium,
and when these salts are purified, as we have already said,
they are in turn decomposed in the practical production
of ammonia.

At one time ammonia was made from urine. Then, by
the distillation of hoofs, horns, bones, cartilage, etc. ; but
at present it is prepared from the liquor known as ammo-
niacal liquor, which is derived from the gasworks of our
cities. When coal is distilled, the nitrogen present
(about 2 per cent.) unites with hydrogen to form ammo-
nia, which passes over with the conl gas. This gas is
passed into water and the ammonia, together with some
ammonium salts remains in solution. This “ammoniacal
liquor” is distilled with lime and yields very impure
ammonia.t

Properties.—Ammonia gas is an irrespirable, colorless
gas, of alkaline reaction, becoming liquid at —40° C.
(—40° F.)freezing to white crystals at —75° C. (—103° F.)

It is very soluble in water, forming—

T See Ammonium Sulphate.
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7° Ammonium Hydroxide, — Formula,. NII,OH =
NH,H,0. Molceular Weight, 34.97.

Synonyms.—Ammonia. Water of ammonia, Hydrate
of ammonium. [Spirit of hartshorn. Spiritus volatilis
salis ammoniaci.] Liquor ammonie. Solution of am-
monia. Aqua ammonise.

Ammonia gas will dissolve in water to a great extent,
much heat being liberated by the condensation. Inasmuch
as it is far more soluble in cold water than in warm, the
receiver must be cooled by mcans of ice or running water
while the gas is passing into it. The solution of ammo-
nia gas in water decreases the specific gravity of the
liquid. The U. S. P. recognizes two strengths as follows.

Aqua Ammonice, of specific gravity 0.960, one hundred
grains of which neutralize thirty of officinal sulphurie
acid.

Aqua Anmmonice Fortior (strouger water of Ammonia),
of the specific gravity 0.500. This contains twenty-six
per cent. by weight of ammonia gas.

"~ Ammonia water of whatever strength should not effer-
vesce on the addition of dilute acids, and when neutral-
ized with pure nitric acid should not yield precipitates
with solutions of either nitrate of silver, carbonate of am-
monium, or chloride of barium. Tt must be remembered
that ammonia water parts readily with ammonia gas,
most especially during warm weather, and therefore, great
care must be exercised that the container be well stopped.

Spirit of Ammonia.—Under this name a preparation is
sometimes used which consists of solution of ammonia
gas in alecohol. This doubtless is sometimes confused with
smmonia water, but generally in commerce where spirit
of ammonia is mentioned, the solution of the gas in alco-
hol is recognized. Spirit of ammonia is officinal.

Ammonium Iodide.— Formula, NH,I. Moleccular,
weight, 144.54,
Synonyms.— Ammonii iodidum. Todide of ammonium.
Todide of ammonia.
This salt is preparved according to the U. S. P. by the
double decomposition of iodide of potassium and sulphate
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of ammonium. It is liable, as thus prepared, to be con-
taminated with sulphate of potassium. It is best made
by the following experiment :—

Into an evapomtuw dish place any convenient amount
of hydriodic acid, and then stir into it of water of am-
monia a quantity sufficient to render the solution of alka-
line reaction. Evaporate it quickly to dryness, and pre-
serve the salt in well stoppered vials. The reaction is
explained as follows :—

HI + NH,0Il = NI, T 4+ H,O.

Hydriodic Ammoaium Ammonium  Water.
acid. hydroxide. iodide.

Todide of ammonium may also be prepared by dissolv-
ing iodine in hydro-sulphide of ammonium, boiling the
solution and filtering to separate sulphur, and then evap-
orating the filtrate to dryness.

Plopertzes —Todide of ammonium is a white salt, of a
sharp, saline taste, and very soluble in both water and
alcohol. It becomes moist in damp 'ur, an(] turns yellow
from liberation of iodine. This salt should be kept in
small, well stoppered vials.

Ammonium di-iodidum, NH,1,,is made by adding toa
concentrated solution of nitrate of ammonium made
alkaline with caustic potash, a little iodine. The salt
separates as a black liquid. It is not used in medicine.

Y Ammonium Nitrate.—Formula, NH,NO,. Molccular
weight, 79.90.

Synonyms.—Ammonii nitras. Nitrate of ammonium.
Nitrate of ammonia,

This salt is easily made by the following

Ecperiment. — Neutralize any convenient amount of
ammouia water with nitric qoul, and then add to the solu-
tion ammonia water until it is slightly in excess. Filter
the liquid, and evaporate it carefully to dryness.

HNO, 4+ NH,OH = NI ,NO, 4 H,O.

Nitrie Ammoniunm An-momum w ulel’
acid. hydroxide niti ate.

Nitrate of ammoninm is a white salt of specific gravity
1.7. It is salty to the taste, soluble in half its weight of
cold water, and more soluble in hot water ; in either case
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solution is accompanied with considerable decrease of
temperature.  When heated gently it decomposes into
nitrous oxide and water, thus :—

NH,NO, = N,0 4 2H,O0.

Ammonium Nitrous Water.
nitrate. oxide.

If suddenly heated it is resolved into nitrogen, water,
and nitric oxide (NO). Large amounts of nitrate of am-
monium are consumed by dentists for the production of
nitrous oxide, or laughing gas, as it is usually called.

Ammonium Oxalate —Formula, (NI,),C,0,. Mo-
lecular weight, 123.8.

Synonyms.—Oxalate of ammonium. Oxalate of am-
monia.

Ecxperiment.—Add oxalic acid to a convenient quantity
of ammonia water until the ammonia is saturated, then add
ammonia water to the solution until it is in slight cxcess.
Evaporate this liquid uuntil a pellicle forms, then place in
a cool situation to crystallize. Lastly, drain the crystals
in a funnel and dry them on porous puper by exposure to
the atmosphere.

Oxalate of ammonium is of value as a reagent, but is
not used in medicine. It is a very delicate test for cal-
cium salts in solution, forming with such the very insol-
uble oxalate of calcium. '

Ammonjum Phosphate — Formula, (NII,),HPO,.
Molecular weight, 131.82.

Synonyms.— Ammonii phosphas. Phosphate of ammo-
nium. Phosphate of ammonia. Hydrogen di-ammonium
phosphate.

This salt is occasionally found native, especially in
guano. It may easily be made by adding ammonia water
to solution of ortho-phosphoric acid until the ammonia
is in slight excess, then evaporating the solution and crys-
tallizing. This salt is little used in this country. Tt is
colorless, evolves ammonia when heated with eaustic soda
or caustic potash, is insoluble in aleohol, soluble in four
parts of cold water, and is more soluble in hot water.
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Ammonium Succinate.—Formula, (NH,),C,H,0,.
Molecular weight, 151.74. ‘

Synonyms..—Ammonii succinas. Succinate of ammo-
nium. Succinate of ammonia. '

Succinate of ammonium may be made by saturating
ammounia water with succinic acid, thus:—
2NU,0H + H,C,H,0, = (NH,),C,H,0, + 2H,0.

Almonii. Succlnic acid. Awmouium succivate. Water.

Succinate of ammonium is sometimes employed in med-
icine. It should be white, odorless, and eutirely soluble
in water. As found on the market, it is often brown and
possesses strongly the odor of oil of amber. It precipi-
tates the ferric salts of iron as brownish-red succinate of
iron, and is sometimes used to estimate iron in solution.

The German Pharmacopeeia recognizes liguor ammonit
succinici, made as follows :—

Take of succinic acid, powdered, one part, dissolve it
in distilled water eight parts, and add of pyrocarbonate
of ammoninm one part, or sufficient to effect neutraliza-
tion. Set the liquid aside for tweunty-four hours, then filter.

Ammonium Sulphate —Formula, (NH,),S0,. Mo-
lecular weight, 131.84.

Synonyms.—Ammonii sulphas. Sulphate of ammoni-
um. Sulphate of ammonia. Normal ammonium sul-
phate.

This salt is found native in some volcanic districts,
especially in Tuscany.  The market is at present supplied
from the gas works, where it is made by passing ammonia
gas into dilute sulphuric acid, and crystallizing the salt
after evaporation of the solution. Tt is at first very im-
pure, and requires several crystallizations to remove the
odor of the tar and other products of the destructive dis-
tillation of coal. ‘

Sulphate of ammonium forms transparent, odorless
crystals of the rhombic system ; specific gravity,1.77 They
have a saline taste, dissolve in about two parts of cold
water, and in a little more than their weight of boiling
water, and are insoluble in alcohol. Sulphate of ammo-
nium is not used in medicine, but is employed, either di-
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rectly or indirectly, for the production, in this country, of
all other salts of ammonium. It is extensively used as
a fertilizer.

Ammonium Sulphide.—Formula, NH ,HS. Molecular
weight, 50.99

Synonyms. — Sulphide of ammonium. [Sulphide of
ammonia. Sulphuret of ammonia.] Sulph-hydrate of
ammonium. Ammonium hydrosulphide. ,

This is made by saturating ammonia water with sul-
phide of hydrogen. The process is finished when the
solution ceases to cause a white precipitate with solution
of sulphate of magnesium (Epsom salt). The reaction is
represented as follows :—

NH,OH 4+ H,S = NH,HS + H,0.

Ammoninm Hydroren Ammonium Water.
hydroxide Bulphide. Sulphide.

Sulphide of ammonium is at first almost colorless. By
age it becomes yellow from oxidation, water and higher
sulphides resulting. It has a strong sulphuretted odor,
and is an exceedingly valuable reagent, precipitating most
of the metals from solution. It should be preserved in
small, well closed vials, protected from the light.

Other Sulphides.—There ave several other sulphides of
ammonium, of little general interest. They may be
named as follows :—

Ammonium monosulphide, NH S,
Ammonium tetrasulphide, (NH,),S,.
Ammoninm pentasulphide, (NH,),)S;.
Ammonium heptasulphide, (NH,),S,.

Ammonium Tartrate. — Formula, NH HC,H,O,.
Molccular weight, 166.65.

Synonyms.—Ammonii tartras. Tartrate of ammonium.
Tartrate of ammonia. Acid tartrate of ammonium. Hy-
drogen tartrate of ammoninm. )

Tartrate of ammonium is made by adding to ammo-
nia water a solution of tartaric acid until neutralized. Con-
siderable heat will be evolved, and if the solutions are
concentrated, crystals will be deposited when the mixture
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cools. The reaction is explained by the following equa-
tion :—
NH,0H+H,C,H,O,=HNH,C,H,0,4H,O.
Ammoais water. Tartaric acid. Ammoniuwm tartrate. Water,
This salt may be obtained in the form of a white crys-
talline powder by evaporating the solution to dryness
over a water bath. It is seldom employed in medicine.

Ammonium Valerianate. — Formula, NH,C,H,0,.
Molecular weight, 118.78,

. Synonyms.—Ammonii valerianas. Valerianate of am-
monium. Valerianate of ammonia.

~ This salt is made by passing ammonia gas into valeri-
anic acid until neutralization iseffected. The result after
solidification is recrystallized from a concentrated and
hot alcoholic solution.

It is a white salt of a greasy or camphor-like appear-
ance, has the disagreeable odor of valerianic acid and a
sharp taste. It is dissipated by heat, and without residue.
Mineral acids decompose it, valerianic acid separating.
Alkaline solutions also decompose it, ammonia being
evolved. Valerianate of ammonium is very soluble in
water and in alcohol. Its aqueous solution has a strong
disagreeable odor, even if the valerianate of ammonium
is in very small amount. Upon the contrary, the alcoholic
solvent completely masks the odor of the valerianate of
ammoniam, even if the proportion be very great.

Tests for Ammonia.—If the solution of any salt of am-
monium be heated with caustic potash, the odor of ammo-
nia is at once evolved.

Ecperiment. —Mix a little sulphate or chloride of am-
monium in a test-tube with a little water, add a small
piece of caustic potash and boil. Ammonia escapes, and
can be recognized by its odor or by changing tobluea
strip of moistened red litmus paper, which is suspended
in the mouth of the tube.

2d. If a small amount of “ Nessler’s test ” be added to
a solution of ammonia, or a salt of ammonium, a brown-
ish tinge or a brown precipitate results. This test is so
delicate as to detect the most minute trace of ammonia.
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To Prepare Nessler's Test.— Dissolve 775 grains of
iodide of potassium in a small quantity of hot distilled
water ; continue the heat and carefully add to the solu-
tion, with constant stirring, strong hot solution of corro-
sive sublimate (HgCl,) until the precipitate (mercuric
iodide) forming ceases to dissolve. Then filter and mix with
the filtrate a concentrated solution of 3100 grains of
caustic potash. Add to the above mixture distilled water
in sufficient amount to bring it to the bulk of two pints.
Then mix with it 1} fluid drachms of saturated solution
of corrosive sublimate, and after the precipitate subsides,
decant the clear solution. This “ Nessler’s test” is the
most delicate known reagent for ammonia. It should be
kept in a number of small, securely sealed bottles, as it
decomposes by exposure.

METALS OF THE ALKALINE EARTHS.
CALCIUM, BARIUM, STRONTIUM.

In early days the name “earth ” was applied to such
non-metallic substances as refused to dissolve in water,
and remained unchanged upon the application of heat..
Thus the various kinds of clay, which consist of more or
less impure silicates of aluminum, as well as the oxides
of calcium, barium, etc., were originally associated as
earths. It was found subsequently that a few, such as
lime and magnesiat (oxide of caleium and oxide of mag-
nesium), possessed alkaline properties and seemed to be
related to the alkalies proper. They were then called
alkaline earths, and were considered true elements until
Davy demonstrated that they were oxides of various
elements.

T Magnesium is concidered in the group of elements, embracing
beryllium, zinc and cadmium, .
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CALCIUM.
Symbol, Ca. Atomic weight, 39.9.

This is the most important element of the group, and
compounds of calcium are employed very extensively in
both in the arts and in medicine, but the element is of no’
practical value. The ancients made lime, and, as we have
said, it was long called an earth, and associated under
that name with other bodies.

Calcium is never found in a metallic state, but the car-
bonate under various forms, such as limestone, marble,
chalk, coral, etc., occurs naturally in incalculable amounts,
and as magnesian limestone (carbouate of calcium and
magnesium) it forms the bulk of many mountains.

Calcium salts are necessary to animal life, the bones
and teeth of animals consisting mainly of phosphate of
calcium. The salts of calcium are always found in plants,
and the shells of molluscaaud of eggs are very pure speci-
mens of calcium carbonate.

Metallic caleium was obtained in the form of an amal-
gam by the electrolysis of chloride of calcium in presence
of mercury. It was obtained in appreciable amounts by
Matthiessen (1856) by heating a mixture of calcium chlo-
ride, strontium chloride, and ammonium chloride in a
platinum crucible, and decomposing the melted mass with
a galvanic battery.

Calcium is yellow, malleable, of specific gravity 1.5778,
and tenacious and harder than lead, according to both
Bunsen and Matthiessen. But Freyascribes to it the color
of aluminum, and very brittle properties. It remains
unaltered in dry air for a counsiderable period, but in
moist air it quickly oxidizes. Itburnsin the atmosphere
when heated to redness, with a yellow light, and decom-

ses water rapidly if thrown upon it, evolving hydrogen.

t is of mo ilmportance, excepting to the investigating
chemist.

Calcium Monoxide.—Formula, CaO. Molecular weight,
65.86.

Synonyms.—Lime. Caustic lime. Quick lime.
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This is made by burning lime-stone (carbonate of cal-
cium) by which means carbon dioxide is driven off, thus:—
CaCO; = CaO 4+ CO,.

Calcium Calcium Carbon
carbonate. mouoxide. dioxide.

It is essential in making lime that a good draught of
air pass through the heated stones for the purpose of carry-
ing off the carbon dioxide as fast as it is formed, for if
limestone be surrounded by this gas it refuses to part with
the carbon dioxide, even at a very high heat.

Calcium monoxide (lime) is white when perfectly pure,
but as found in commerce it is of an ash color from im-
purities pre-existing in the ordinary stone. Its specific
gravity is 3.08.  'When exposed to the air it absorbs both
water and carbon dioxide, and crumbles to a powder
known as “air-slaked lime.” When heated in the flame
of an oxy-hydrogen blow-pipe it emits an intense light.t
Lime is used to dry gases and to abstract water from al-
cohol when this is being concentrated to a strength above
that yielded by ordinary distillation. It unites with wa-
ter to form

Calcium Hydroxide, Ca(OH),, known as slaked lime,
or hydrate of lime. If lime is covered with water, or
water added to the extent of one-third the weight of the
lime, much heat is evolved, and it has been recorded that
fires have resulted from this reaction. Slaked lime is

ure white; one hundred parts of water at 15.6° C. (60°

.) dissolve 0.1368 parts, and at 100° C. (212° F.) only
dissolve 0.0752 parts. The solution in water is known
as limewater, an(s) is alkaline both in taste and reaction,
it absorbs carbonic acid gas (carbon dioxide) upon ex-
posure to the atmosphere, calcium carbonate precipitating.
For this reason limewater should be kept in close vessels.
When ordinary slaked lime is rubbed into a thin paste

The flame of an oxy-hydrogen blow-pipe cast upon a point of
lime forms the ozy- Aydrogen calcium light. When the stream of oxy-
gen gas is passed through the flame of an alcohol lamp, and then
upon a point of lime an inferior light is produced, known as the ozy-
calcium light.

-
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with water it forms milk of lime, which is used in many
‘chemical operations, and for whitening ceilings, etc., un-
der the name of ““ whitewash.”

Chloride of Lime.

Synonyms.—Chlorinated lime. Calecium hypochlorite.
Bleaching powder. Calx chlorinata.
Chloride of lime has been known for many years, and
several opinions have been advanced concerning its com-
osition. Balard considered it a mixture of calcium
1y pochlorite, Ca(ClO),, and calcium chloride, CaCl,, and
many at the present day accept that view. Odling ad-
vances the idea that it is a double salt or a chlorinated
chloride, CaCIOCI.  Stahlschmidt explains the formation
of chlorinated lime upon the assumption that three mole-
cules of calcium hydroxide are decomposed by chlorine,
resulting in the formation of water, chloride of calcium,
and a compound of the composition CaHCIO,, thus :—

3Ca(OH), + 201, =2CaHCIO, +CaCl, 4211, 0.

Chloride of lime is made by passing chlorine gas over
dry slaked lime, until it ceases to be absorbed. Commenr-
cial chlorinated lime contains from 20 to 35 per cent. of
chlorine, although it may be produced so as to contain 40
per cent. or even, it is said, 43 per cent. of chlorine. It
is white, moistens upon exposure to the air and decom-
}:oses, absorbing, in addition to water, carbon dioxide. It

as a strong chlovine odor under such circumstances.
When freshly prepared it has an odor of hypochlorous
acid. Even if preserved in closed vessels it decomposes,
and it has been recorded that explosions have occurred,
but the reaction is unexplained. According to Kingzett
a strong aqueous solution of chloride of lime deposits
crystals of calcinm hypochlorite, Ca(ClO),+4H,0,
when exposed over sulphuric acid in the exhausted re-
ceiver of an air pump. Chloride of lime is used as a
deodorizer and disinfectant, to bleach cotton and other
r\voods, to make chloroform and the officinal solution of
lorinated soda.
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Calcium Dioxide, Ca0,, is formad by passing carbon
dioxide into limewater. It precipitates in combination
with eight molecules of water (CaO,+8H,0), which
give off water of crystallization at a temperature of 130° C;
(266° F.) This compound is of no practical value.

Calcium Bromide.—Formula, C.Br,. Molecular weight,
199.40 k

Synonyms—Caleii bromidum. Bromide of calcium.

This salt is most easily prepared by saturating hydro-
bromic acid with prepared or precipitated chalk, and after
filtration evaporating the solution to dryness. Bromide
of calcium is a white salt, soluble in alcohol and in water
and of a saline bitterish taste. It is scarcely liable to
adulteration, being so little used as to hardly make it an
object.
Calcium Carbonate. — Formula, CaCO,. Molecular

weight, 99.75.

Synonyms.—Calcii carbonas. Carbonate of calcium.
Carbonate of lime.

This substance is found in unlimited amounts over the
entire globe. It forms vast layers in the ocean, derived
mainly from the shells of mollusca, and beneath the sur-
face soil of inland countries it is not unusual to find the
layers of limestone perfect conglomerates of both broken
and well preserved petrefactions of extinct sea shell-fish.
This is forcibly illustrated by the region of country in
the author’s neighborhood, for each layer of limestone of
the hills and valleys near Cincinnati is a mass of petre-
factions. The immense number of these layers of stone,
one above the other, speaks of the great time that must
have passed before such quantities of carbonate of lime
could have formed from this origin. Coral reefs are car-
bonate of calcium ; many mountain ranges and the chalk
formations, the marble cliffs and other forms of limestone,
are carbonate of calcium. Calcium carbonate is dimor-
Ehous, but it is unnecessary to consume space with a

istory of its crystalline modifications. When a soluble
calcium salt is precipitated by the carbonate of an alkali
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metal, the precipitaic formed is carbonate of calcium and
thus we have the officinai—

Calcii Carbonas Preecipitata, or precipitated carbonate
of calcium, made by adding a hot solution of carbonate
of sodium to a hot soiution of chloride of calcium, wash-
ing the precipitate and drying it. The reaction is expressed
as follows :— '

CaCl, 4+ Na,CO, = CaCO, 4 2NaCl

Caleinm sodium Calcium Sodium
chloride. carbonate. carbonate.  chloride.

Precipitated chalk is a very white semi-crystalline
powder and should not be confused with—-

Creta Preparata, or prepared chalk, which is made by
rubbing chalk into dn impalpable powder, mixing it with
water and then, after allowing the coarse particles to
settle, decanting the liquid, permitting it to settle and
drying this last precipitate. Prepared chalk is usually of
slight ash color. It is customary to dry it in conical
drops. This form of chalk is heavier, bulk for bulk,
than prezipitated chalk.

Properties.—Carbonate of calcium is very slightly solu-
ble in either cold or boiling water, but is less soluble when
ammonia or carbonate of ammonium is present. It is
soluble to a considerable extent in carbonic acid water,
from which solution it is deposited by exposure to the air
or by boiling. This fact accounts for the deposit of car-
bonate of calcium inside of steam boilers where “ hard”
water is used, and for the natural crystals of carbonate of
calcium, although often in the latter case immense periods
of time may have been necessary for their formation. All
of the forms of carbonate of calcium dissolve with effer-

“ vescence in dilute mineral acids, carbon dioxide escaping,
although su'phuric acid speedily forms a layer of insolu-
ble sulphate of calcium over the surface of the lumps
which impedes the reaction.t Aside from its use in

T We can say that the stick chalk, for blackboard use, which we
have examined, instend of being carbonate of calcium, was sulphate
of calcium. This is of no importance for the use intended, but sul-
phate of calcium hasbeen also substituted for precipitated carbonate
of calcium, and for prepured chalk.
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medicine, carbonate of calcium is of incalculable value
in the arts, as for building purposes, iron production, etc.

Calcium Chloride,—FormnIa, CaCl,. Molecular weight,
110.64.

When ammonia water is made by decomposition of
chloride of ammonium and calcium hydroxide, this com-
pound results, thus:—

2NH,Cl 4 Ca(OH), = CaCl, 4+ 2NH,OH.

Ammonium Calcium Calcinm Ammonium
chloride. hydroxide. chloride. hydroxide.

Chloride of calcium is found in the water of some
springs and in sea-water. It is also produced on a large
scale as an incidental product in the manufacture of po-
tassium chlorate. It may be made by dissolving chalk
or fragmeuts of marble in hydrochloric acid, passing
chlorine through the solution in order to peroxidize the
iron and manganese, and then adding milk of lime in
slight excess, filtering and evaporating the filtrate to
dryness over a fire.

Chloride of calcium may be obtained in the form of
crystals, but as usually found on the market, is in amor-
phous lumps. It has a strong affinity for moisture, and
is employed by chemists in drying gases. For this pur-
pose the commercial article is unsuited, owing to the large
amount of water present. This may be properly prepared
by placing it in a porcelain or even an iron evaporating
dish, and heating over a fire until it has melted and is
dry again, and then while hot transferring it to well
closed glass-stoppered vials. Chloride of calcium is used
in the preparation of artificial mineral waters.

Calcium Citrate.—Formula, Ca,2C4H;0,. Molecular
weight, 496.78.

Citrate of calcium is produced in immense quantities,
but is of interest from the fact that it gives rise to cilric
acid, rather than that it is of value as a compound. By
referring to onr article on citric acid the manner of pre-

aring citrate of calcium may be noted, thus rendering
its reproduction unnecessary in this place.
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Citrate of calcium is one of the few salts that dissolves
to a greater extent in cold than in hot water. Advan-
tage is taken of this fact to identify citric acid, for if lime-
water be added in excess to a solution of citric acid, a pre-
cipitate will be produced when the solution is boiled,
which will redissolve upon cooling. Citrate of calcium is
made in countries which produce limes and lemons in
abundance, and from thence is exported for the purpose
of preparing citric acid. Gum Arabic is mostly a com-
pound of calcium, and an acid known as gummic acid.

(See gums.)

Calcium Hypophosphite. — Formula, Ca2H,PO,.

Moleculnry\?cight, 169.66. e

Synonyms— Calcii hypophosphis. Hypophosphite of
calcium. Hypophosphite of lime.

Hypophosphite of calcium may be made by the follow-
ing—

Erperiment.—Add carbonate of calcium to hypophos-
phorous acid until the acid is saturated and effervescence
ceases. Filter the solution and evaporate the filtrate to
dryness over a water bath. The reaction is ‘expressed as
follows :—

9H.H,PO, + CaCO, = Ca2(PO,H,)+C0,+H,O.

Hypophosphorous Culeinm Calcium_ Carbon  Water.
acid. carbonate. hypophosphite.  dioxide.

In the practical preparation of hypophosphite of calcium
a different process is employed. Hypophosphite of calcinm
is the first of a series of salts of hypophosphorous acid,
and by reference to our article on hypophosphorous acid
it will be seen that it is used as a basis for preparing that
acid, and therefore the acid cannot be used with econ-
omy for reproducing the calcium salt. In a practical way
calcium hypophosphite is made by acting upon phospho-
rus with milk of lime. The reaction is complicated, phos-
phide of hydrogen, hydrogen and phosphoric acids also
being formed. In consequence of this the operation must
be performed in the open air or under a good flue, and
even then the experiment is not pleasant.

Hypophosphite of calcium crystallizes in four sided
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prisms. It is soluble in six parts of cold water, and is
less soluble in hot water, therefore it is not found in mar-
ket in definite crystals, but either as a granulac powder,
which is made by evaporating the solution to dryness, or
as pearly scales, which are prepared by evaporating the
solution and skimming the crust as it forms over the sur-
face of the liquid. Hypophosphite of calcium has a saline
bitterish taste. When heated it decomposes, at a certain
temperature evolving phosphide of hydrogen, water, and
phosphorus, sometimes with explosions. Hypophosphite
of calcium is liable to contain caustic lime as an impurity,
and we have found it necessary to remove this article from
the commercial salt. In preparing hypophosphite of cal-
cium, occasionally a little hypophosphorous acid should
be added to the solution while it is evaporating.

Calcium Iodide.—Formula, Cal,. Molecular weight,
292.96.

Synonyms.—Calcii iodidum. Todide of calcium. Iodide
of lime.

This salt is easily made as follows : —

Experiment.—Place a convenient amount of hydriodic
acid in a porcelain capsule, and add an excess of calcium
carbonate and stir until the solution is neutral. Filter
this and evaporate the filtrate to dryness. Todide of cal-
cium is a white, deliquescent powder, which decomposes
. upon exposure to the atmosphere. It is very soluble in
‘water and dissolves in alcohol. Todide of calcium must
not be confused with iodate of calcium (Ca2I0,;6H,0)
which, as yet, has no therapeutical value.

Calcium O=xalate. — Formula, CaC,0,. Molecular
weight, 127.68.
Synonyms.—Calcii oxalas. Oxalate of calcium. Oxa-
late of lime. .
This salt is not used in medicine, but is of interest to
the chemist. When a solution of oxalate of ammonium
is added to any neutral solution of a salt of calcium, an
immediate precipitate of oxalate of calcium is produced.
This precipitate remains upon the addition of an excess
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of acetic acid, but either nitric acid or hydrochloric acid
will readily dissolve it. Oxalate of calcium is white, taste-
less, insoluble in water and "alcohol. It is a by-product
of the manufacture of hypophosphorous acid, and as thus
obtained is in a very finely divided state, and is particu-
larly valued for the purpose of brightening and polishing
silverware,.

Calcium Phos?ha.te.—Formula,Caa(PO,,)s. Molecular
weight, 229.5.

Synonyms. — Calecii phosphas precipitata.  Precipi-
tated phosphate of calcium. Phosphate of calcium. Phos-
phate of lime. Normal calcium ortho-phosphate. Boue-
phosphate.

Calcium ortho-phosphate occurs native in several local-
ities, and some minerals consist of nearly pure calcium
ortho-phosphate, as coprolites (probably of animal origin)
and the mineral osteolite. It constitutes the larger part
of the inorganic portion of hones, fully 80 per cent. of
bones burned in the air to whiteness consisting of calcium
{)hosphate. It is a constituent of vegetable organisms,
peing abundant in fruits and seeds. It is a recognized
fact that the flour from wheat which has been stripped of
- its outer coatings, in order to produce a very white flour,
is of poorer quality than when the grain is ground entire.
This is mainly owing to a deficiency of calcium phosphate
which is most abundantly deposited in the outer layers of
the grain.

Phosphate of calcium may be obtained as a white pow-
der by precipitating a solution of calcium chloride mixed
with ammonia water by means of a solution of sodium
phosphate, and washing the precipitate well and then
drying it. According to the U. 8. P. it is made by dis-
solving burnt bones (bone-ash) in muriatic acid, diluting
and filtering the solution, and then precipitating it by
means of ammonia water. The precipitate is to be washed
with water until the washings cease to effect a solution of
nitrate of silver acidulated with nitric acid, and is then
to be dried.  As made by this process it is contaminated
with calcium fluoride and magnesium phosphate, but the
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amount of these impurities is insufficient to interfere with
its therapeutic action.

Phosphate of calcium is almost insoluble in water, but
it slowly decomposes in cold water, giving rise to an in-
soluble basic salt and a soluble acid salt, and this change
is favored by boiling. Therefore, according to Warring-
ton, the exact solubility of calcium ortho-phosphate can
not be determined. It dissolves to an extent in solutions
of ammonium salts, and the acids, almost, if not all of
them, dissolve it, and usually very freely, even carbonic
acid solution may not be excepted.

There are other calcium phosphates, but none of use in
medicine. The mono-hydrogen calcium ortho-phosphate
(CaHPO,) is obtained when a solution of calcium phos-
phate is mixed with a solution of phosphate of sodium,
and is sometimes deposited from urine as concretions or
in small crystals.

Tetra-hydrogen calcium phosphate, H ,Ca(PO,),, is ob-
tained by acting upon bone-ash with snlphuric acid, and
the mixture of this salt with the calcium sulphate also
formed, is sold under the name super-phosphate of lime,
and is very largely used as a fertilizer.

Calcium Sulphate. — Formula, CaSO,. Molecular
weight, 135.72.

Synonyms.—Calcii sulphas. Sulphate of calcium. Sul-
phate of lime.

This compound occurs native in a number of forms,
such as gypsum (CaSO,+2H,0), of which the large
crystals, selenite, the satin-spar or fibrous gypsum, and
alabaster, are modifications. Gypsum loses its water of
crystallization at the temperature of 110° to 120° C. (230°
to 248° F.) and forms a white substance which, when

" . powdered, is called plaster of Paris well known for its

property of combining again with water and becoming
~hard.  Sulphate of calcium is slightly soluble in cold
water, but dissolves to a greater extent in water at 35° C.
(95° F.) than at higher or lower temperatures. The
modification of this salt made by decomposing solution
of calcium chloride by means of sulphuric acid is known
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as pearl-hardening or analine, and is used to give weight
and gloss to paper. Plaster of Paris should be either
fresh or preserved in glass stoppered bottles, as it loses
its power of hardening after exposure to the air for any
length of time, and as a consequence is then unreliable
for use in surgery where it is frequently employed to
obtain casts of deformities, and occasionally to hold
broken limbs in position.

Calcium Sulphite.—Formula, CaSO,. Moleccular weight,
119.76.

Synonyms.—Calecii sulphis. Sulphite of calcium. Sul-
phite of lime.

Sulphite of calcium precipitates as a white powder
when a solution of sulphite of sodium is mixed with a
solution of chloride of caleium. It is usually made in
commerce by passing suiphur dioxide over layers of
slaked lime made into a paste with water, and although
impure in this instance, answers for the purposes required
of it. Sulphite of calcium is white, has a faint sulphu-
rous taste, and absorbs oxygen and changes by exposure
to the atmosphere into sulphate of calcium. It dissolves
in about 800 parts of cold water, and dissolves very freely
in solution of sulphurous acid forming what is known in
commerce as bisulphite of lime. Sulphite of calcium is
not used in medicine, but is employed to preserve wines
and cider from fermentation, and we have known the
solution of it in sulphurous acid to be used for preserv-
ing fruit.

Calcium Monosulphide.—Formula, CaS. Molecular
weight, 71.88.

Synonyms.—Calcii monosulphidum. Calcium sulphide.
Sulphide of calcium. Sulphuret of lime.

This may be made by heating a mixture of charcoal and
sulphate of calcium, or by calcining calcium hydroxide or
calcium carbonate with sulphur. In this latter case sul-
phate of calcium is also formed. Sulphide of calcium is
a white powder, insoluble in water, odorless when first
prepaved, but after exposure to a moist atmosphere it
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gives off the odor of sulphide of hydrogen. It dissolves
in dilute hydrochloric acid with evolution of sulphide of
hydrogen. 'When exposed to the sunlight it is for some
time afterward luminous in the dark, and the old (1768)
so-called ¢ Canton’s phosphorus” is sulphide of calcium
made by calcining oyster shells with sulphur.

Calcium Disulphide. — Formula, CaS,. Molecular
weight, 103.86.

Synonyms.—Disulphide of calcium. Sulphide of cal-
cium. Sulphuret of lime (or calcium).

This may be made by boiling a mixture composed of
sulphur two parts, lime one part, and water sixteen parts,
until the liquid assumes a reddish yellow color, then fil-
tering. From this by gentle evaporation and subsequent
cooling yellow crystals will separate of the composition
CaS,3H,0. Calcium disulphide is used in medicine in
the form of a solution and is never employed in crystals.
It is commonly known as solution of sulphuret of calcium
and has attained considerable reputation as a remedy for
the itch. Themost serious objection to it is the offensive
odor.

Calcium Tartrate.—Formula, CaC,H,0,. Molecular
weight, 187.54.

Synonyms.—Caleii tartras. Tartrate of calcium. Tar-
trate of lime.

This salt is scarcely of use in medicine, but interests
the chemist from the fact that by its behavior the distine-
tion can be drawn between citric and tartaric acids. If
to a solution of any normal tartrate, chloride of calcium
solution be added in slight excess, a white precipitate of
tartrate of calcium will at once appear, and upon collect-
ing this precipitate and adding it to a cold solution of
caustic potash it dissolves, upon warming the solution it
re-precipitates. Citrate of calecium under like conditions
will not dissolve in the cold potash solution. It is neces-
sary to guard against the presence of ammonium salts in
the foregoing experiment, as citrate of calcium is soluble
in such solutions.
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Tests for Caleium.—Solution of carbonate of ammo-
nium precipitates calcium salts from solution as carbonate
of calcium. Solution of oxalate of ammonium precipi-
tates calcium salts from solution as ozalate of calcium.
This last precipitate when fresh will dissolve readily upon
addition of nitric or hydrochloric acid, but it is insoluble
in acetic acid. These precipitates are not conclusive evi-
dences of caleium, as barium and strontium salts react in
like manner. If barium and calcium salts are mixed,
yellow chromate of potassium will precipitate the barium,
and from the filtered solution the calcium may be obtained
with the foregoing reagents. '

If a calcium salt be moistened with hydrochloric acid,
and then placed in the hottest part of a Bunsen flame, a
red color results. The spectrum of this flame is charac-
teristic and decisive.

/' STRONTIUM.
Symbol, Sr. Atomic weight, 87.2.

The village of Strontian, in Argyllshire, gave to this
element its name, from the fact that it was produced from
a mineral found in that locality. The -chief sources of
strontium are sulphate of strontium, or celestine, SrSO,,
and carbonate of strontium, SrCO,. It occurs in small
quantities in some other minerals, and the sulphate and
chloride of strontium are found in some salt springs and
other mineral waters, and in the ashes of the sea-weed
Fucus vesiculosus. :

The element was first obtained by Davy in 1808, by
electrolysis of one of its salts. It is rare and of interest
at the present day, only to experimental chemists.

Properties.—Strontium is yellow, malleable and harder
than either cadmium or lead. Its specific gravity is 2.5.
It melts at redness, oxidizes quickly upon exposure to the
atmosphere, decomposes water, and burns if heated. None
of the salts of strontium are used in medicine. Strontinm
salts color the flame of an alcohol lamp, or of the blow-
pipe to a magnificent crimson. Nitrate of strontium is
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employed to make red signal lights and the crimson or
red fireworks.

Tests for Strontium.—The spectroscope will detect
minute amounts of this metal. Carbonate of ammonium
precipitates strontium from solution when its salt is mixed
with salts of the alkali metals. If calcium salts be pres-
ent at the same time, a precipitate of calcium carbonate
also forms. To detect strontium in such cases, dissolve
the precipitate, which forms with ammonium carbonate,
in hydrochloric acid, and add to it a solution of sulphate
of calcium. If strontium be present, after some time, a
turbidity will follow. Nitrate of strontiurs refuses to
dissolve in absolute alcohol. Nitrate of calcium is soluble.

BARIUM.
Symbol, Ba. Atomic weight, 136.8.

The natural source of barium is sulphate of barium
(BaSO,) or heavy spar, and carbonate of barium (BaCO,)
or witherite, although many ores of manganese, certain
silicates, felspathic rocks, mineral waters and sea water
contain it in greater or less amounts. Davy first obtained
the element, although its preparation was very difficult.
The metal oxidizes quickly and burns when heated in the
air.  According to Krey it requires a greater heat to melt
barium than is necessary to fuse cast-iron. Very few of
the salts of barium are used in the arts or in medicine.

'Barill;r)!}zg/[onoxide.—Formula, BaO. Molecular weight,

Synonyms.—Monoxide of barium. Baryta.

This is made by heating nitrate of barium in a crucible
until red fumes cease to be evolved. Baryta has an in-
tense affinity for water, exceeding that of lime. If moist-
ened with water it combines with such violence, and
liberates so much heat, as to bring the lump to redness,
forming—

Barium Hydroxide, B:(OH),, or common caustic
baryta. This is prepared, however, in practice by heat-

20
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ing barium sulphide, passing over it a current of moist
carbon dioxideas long as it is absorbed and afterward
subjecting the carbonate formed, while it is hot, to a cur-
rent of superheated steam. The carbon dioxide and
water react upon the barium sulphide to form barium
carbonate and hydrogen sulphide, the latter escaping,

thus:—
BaS 4 CO, + H,O0 = BaCO, 4+ H,S.

Rarium Carbon  Water. Barium Hydrogen
sulphide. dioxide. carbonate, sulphide.

Afterward,the superheated steam decomposes this car-
bonate with evolution of carbon dioxide and formation of
barium hydroxide, thus :—

BaCO, 4+ H,0 = Ba(HO), 4 CO,.
Water.

Barium Barium Carbon
carbonate. hydroxide. dioxide.

Barium hydroxide is a white powder which melts at a
low red heat and has the specific gravity 4.495. It unites
with water to form a crystalline hydrate BaO,H,+4-8H,0,
which is soluble in water,and which gives off seven mole-
cules of water upon exposure to a dry atmosphere, chang-
ing into a white powder. When hydroxide of barium is
dissolved in water it forms the common baryta-water,
used in analytical work to absorb carbon dioxide, for
hydroxide of barium has an intense affinity for that gas.
Its solution in water is strongly alkaline. Barium hy-
droxide is not used in medicine, but is employed in sugar
refining, and is very valuable to the experimental chemist.

Barium Chloride.—Formula, BaCl,. Molecular weight,
207.54.

Synonyms.—Barii chloridum. Chloride of barium.
Muriate of baryta.

This salt is made by dissolving witherite (native car-
bonate of barium) in dilute hydrochloric acid, and after-
ward purifying the chloride of barium from calcium, lead,
iron, and manganese salts which are present in that min-
eral. It is not essential to notice the process farther in
this work, as the salt is never made on a small scale. Tt
is also made from native sulphate of barium. Barium
chloride erystallizes in transparent rhombic plates with
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two molecules of water, BaCl, +2H,0. They are perma-
nent, have the specific gravity 3.05, dissolve in about
four parts of cold water and in less than twice their
weight of boiling water, and are insoluble in alecghol.
Solution of barium chloride is precipitated by a soluble
sulphate or by sulphuric acid, and the precipitate is in-
soluble in strong nitric acid. An officinal solution of
chloride of barium is made by dissolving one troy ounce
of barium chloride in three fluid ounces of water, but it
is seldom used.

Barium Nitrate. — Formula, Ba(NO,),. Molecular
weight, 260 58.

This salt is made in quantities, being consumed for
pyrotechnic purposes, as the flame produced when it is
mixed with combustible bodies is of a beautiful green.
It is made from either the sulphide of barium or the na-
tural carbonate, crystallizes in transparent crystals, has
an acid taste, is soluble in water, insoluble in alcohol and
does not enter into the composition of a single remedial
agent.

Barium Sulphate.—Formula, BaSO,. Molecular weight
232.62.

This is the common source of the barium compounds,
and is known under the name heary-spar. It is used in
immense amounts for the purpose of adulterating white
lead, and is called baryta or barytes in commerce. For
this purpose, however, artificial sulphate of barium is
preferred, as it has more “ body ” than the natural crystals.
That is, it is opaque, whilst the powdered heavy-spar is
partly transparent. It is produced artificially by precip-
itating a solution of chloride of barium with dilute sul-
dhuric acid. Sulphate of barium is, practically, insolu-

le in water. :

All of the soluble salts of barium are powerful poisons.
The proper antidotes are solutions of the sulphates of
sodium (Glauber’s salt), or magnesium (Epsom salt), or
aluminum.

Tests for Barium.—Volatile salts of barium impart a
greenish color to an alcohol flame. If an imsoluble ba-
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rium salt is moistened with sulphuric or hydrochloric acid
and held on a loop of platinvum wire in a Bunsen gas
flame, the part of the flame just over it will become of a
yellowish-green. If this lame be viewed through green
glass, it appears bluish-green. 'When soluble barium salts
are mixed with soluble salts of calcium and strontium ; to
separate the barium, add solution of calcium sulphate
until it ceases to cause a precipitate. The barium is
in’ecipitated while the other elements remain in solution.

f the sulphates of calcium, strontium and barium are
mixed, treat the mixture for twenty-four hours with a
concentrated solution of ammonium carbonate. Then
digest the residue with hydrochloric acid ; strontium and
calcium are removed while sulphate of barium remains.

MAGNESIUM GROUP OF METALS.
BERYLLIUM, CADMIUM, MAGNESIUM, ZINC.

These elements burn when heated in the air, and are
volatile.  Their sulphates are soluble, and each metal
forms one oxide. Excepting beryllium, certain of their
salts are more or less used in medicine.

BERYLLIUM (Glucinum).
Symbol, Be. Atomic weight, 9.0.

Beryllium oxide was discovered in 1798 by Vauquelin,
who demoustrated that it was present in beryl, a mineral,
which before that time was considered a compound of
lime or alumina. The name glucinum was given to it
afterward in consequence of the sweet taste of its salts,
but was not accepted, and the favored name at present is
beryllium. Weehler first obtained the element (1828), as
a dark gray powder. Debray afterward obtained 1t in
mass.

Beryllium is of silver brightness, white, of specific
gravity 2.1, and melts at a less temperature than silver.
None of its salts are used in medicine.
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CADMIUM.
Symbol, Cd. Atomic weight, 111.6.

Stromeyer discovered cadmium in 1817, obtaining it
from carbonate of zinc ore, and almost simultaneously Her-
mann identified it in the same compound of different ori-
gin. It is found in various zine ores, and is separated by
suitable means, It is of interestmainly to mineralogists.

Cadmium is white and presents a fibrous fracture. It
can be rolled into foil, drawn into wire, and is harder
than tin, giving out when bent, a crackling sound, as that
metal does in the act of bending. Its specific gravity is
8.546 when cooled from the molten state, but 8.667 after
hammering.

Cadmium Iodide.—Formula, CdI,. Molecular weight,
364.66.

Synonyms.—Cadmii iodidum. Todide of cadmium.

This compound may be easily made by digesting iodine,
water, and an excess of metallic cadmium filings or shav-
ings in a warm situation until the solution is colorless and
the iodine has disappeared. Then evaporate aud filter it.
If the water be in limited amount, crystals of iodide of
cadmium will appear before the reaction ends, and when
the solution becomes colorless, the sides of the vessel and
the excess of cadmium will be covered with beautiful
satin-like plates, resembling silvery fish-scales.

Iodide of cadmium may also be made by dissolving

- metallic cadmium in hydriodic acid, evaporating the so-

lution and crystallizing it

Todide of cadmium is of a satin-silver color, perma-
ment, soluble in alcohol and in water, and of specific
gravity 4.576. It is extensively used in photography,
and occasionally in medicine, usually in this latter in-
stance, in form of ointment.

Cadmium Suli)ha.te.—Formula, CdSO,. Molecnlar
weight, 207.42.
Synonyms.—Cadmii sulphas. Sulphate of cadmium.

This salt is easily made by acting upon metallic cad-
mium with a somewhat dilute mixture of sulphuric and
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nitric acids, and evaporating to crystallization. Tt is also
made according to the U. S. P. by forming a solution of
nitrate of éadmium and precipitating this with carbonate
of sodium, and dissolving this precipitate with sulphuric
acid and evaporating the solution to crystallization. Sul-
phate of cadmium is seldom employed in medicine, It is
very astringent, and like the other salts of cadmium, acts
as an emetic, even in small doses. Todide and sulphate
of cadmium are the only salts of this metal employed
in medicine.

Tests for Cadmium.—The alcohol flame is not colored
by any salt of cadmium. Pass sulphide of hydrogen into
the solution of a cadmium salt, yellow sulphide of cad-
mium results. If other yellow sulphides are also formed,
such as sulphides of antimony, tin and arsenic, add solu-
tion of caustic alkalies. Cadmium sulphide refuses to
dissolve, the others form solutions. If copper be present,
decant the solutions, and mix the precipitate with solution
of potassium cyanide. Sulphide of copper dissolves, sul-
phide of cadmium remains as a yellow magma. For
thorough instructions for detection of cadmium in mix-
tures, see some work devoted to analysis.

V MAGNESIUM.
Symbol, Mg. Atomic weight, 23.94.

Magnesium was obtained in an impure state by Davy.
Bussy prepared it pure. The compounds of magnesium
are very abundantly distributed, both in mineral forma-
tions and in saline waters. The element is now manufac-
tured ou a large scale in this country and in Europe, and
is consumed in considerable amouunts by analysts, and for
producing the magnesium light.  Magnesium is silver-
white, permanent in dry air, but oxidizes upoun the surface
in moist air. Tt is very light, having a specific gravity
of but 1.75, melts at redness, if excluded from the atmo-
sphere, and burns when heated in the flame of an alcohol
lamp or a candle, the light being intense and hrilliant.
Upon this acconnt it has been recommended for lighting
purposes, but difficulties have been experienced, such as
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in regulating the flow of the wire and in guarding 2gainst
the fine dust formed during the combustion (oxide of
magnesium). It has been estimated that 2} ounces of
magnesium wire will evolve as much light as 20 pounds
of stearin candles. This light is very valuable for photo-
graphing in caverns, etc., as it is rich in the chemically
active rays. The compounds of magnesium are exten-
sively employed in medicine and have been since a very
early day.

Ma%gegsium Oxide.—Formula, MgO. Molecular weight,

Synonyms.—Magnesia calcinata. Calcined magnesia,
Magnesia. { Magnesia usta.

This compound is the result of the combustion of mag-
nesium in the atmosphere. It may be made by calcining
a magnesium salt, the acid of which is volatile. Accord-
ing to the Pharmacopeeia it is made by calcining carbo-
nate of magnesium until effervescence ceases, when a
portion of it is dropped into dilute acids. In this reac-
tion carbon dioxide escapes aud oxide of magnesium re-
mains, thus:—

MgCO, = MgO + CO,.

Magnesium Maguesium  Carbon
carbonate. oxide. dioxide.

Magnesia is a white powder, very fine and light, when
made by the officinal process, almost insoluble in water,
tasteless, and unites with acids to form salts, the most of
which are soluble. If heavy carbonate of magnesium be
employed in its preparation the resulting oxide will be of
identical composition but much heavier, and thus in com-
merce we have the two forms, such being distinguished by
the names, heavy calcined magnesia, and light calcined
maguesia. The tests for purity of inagnesia are the same
as for magnesium carbonate.

Magnesitum Hydroxide, Mg(OH),, is a compound made
by precipitating a solution of a magnesium salt with
caustic potash or caustic soda. It is a white powder, but
is not recognized as a therapeutic agent.
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Magnesium Carbonate.—Formula, MgCO,. Mole-
cular weight, 83.79.

Syngnyms.—Magnesii carbonas. Carbonate of mag-
nesium. Carbonate of magnesia.

If a solution of sulphate or of chloride of magnesium
be precipitated with a solution of sodium carbonate, and
the mixture boiled, and the precipitate afterward washed
with cold water and dried, the article known as light car-

“bonate of magnesium (magnesia alba levis), is obtained.
If the mixed solutions be evaporated to dryness, and -
then the sulphate or chloride of sodium be dissolved from |
the mass by means of hot water, the precipitate when
again dried will be dense, and is known as heavy carbo-
nate of magnesium (magnesia alba ponderosa). Both are
identical in chemical composition, in reality being basic
carbonate of magnesium united with from two to three
molecules of water and represented by the formula—
3M¢CO,Mg(HO),.2H,0; or, 3MgCO,.Mg(10),.3H,0.

According to R. and 8., as found in the shops, it is
usually represented by the first formula. Patterson’s car-
bonate of magnesia is familiar in this country, and is
made by a patented process which consists in igniting
dolomite (a mixture of carbonates of maguesium and
calcium) and extracting the result with water saturated
with carbonic acid gas. This dissolves the carbonate of
magnesium, but scarcely affects the carbonate of calcium,
and from the solution the carbonate of magnesium is
precipitated by a current of steam. Carbon dioxide
passed into water in which carbonate of magnesium is
suspended, effects its solution, and the liquor magnesie
carbonatis of the British Pharm. (finid magnesia) is such
a solution representing about 13 grains of carbonate of
magnesium to each fluid ounce. Carbonate of magnesium
is soluble in solutions of ammonium salts, but is scarcely
affected by pure water. It dissolves in diluted acids with
effervescence, and the solution made with dilute nitric
acid and filtered should not yield a precipitate with barium
chloride (absence of sulphates), or with silver nitrate
(absence of chlorides and bromides), or with ammonium
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oxalate (alsence of caleinm). It is produced in immense
amounts in England directly, and as incidental products.
By either process it is difficult to obtain a chemically pure
carbonate, and therefore, it can not be expected that a
commercial article will answer all the tests mentioned.

Magnesium Chloride,—Formula, MgCl,. Molecular
weight, 94.68.

Synonyms.— Magnesii chloridum. Chloride of magne-
sium.

This salt is obtained in quantities at Stassfurt, where it
is found in the saline beds in combination with calcium,
and is known as tachhydrite, (2MgCl,,CaCl,+12H,0).
Tt is also a compounent of sea-water, many salt springs, and
in salt deposits. It may be made by way of experiment
by dissolving either carbonate or calcined magnesia in
hydrochloric acid previously diluted with its bulk of wa-
ter, filtering the solution and then evaporating it to crys-
tallization.

Chloride of magnesium dissolves in less than its weight
of cold water, and in somewhat more than one-fourth its
weight of water at the boiling point of the saturated so-
Iution. Tt crystallizes in crystals of the formula MgCl,.-
" 6H,0, which are deliquescent. It decomposes upon
heating, hydrochloric acid and water being evolved, and
magnesia remaining. It forms crystallizable double
chlorides with many other chlorides.

Magnesium Citrate.—Formula(neutral). Mg,2C,H,O,.
Molecular weicht. 448.9. Crystallized—Mg,2C.H -
0,.14H,0. Molecular weight. 700.34. Acid «alt. or
hydrogen magnesium citrate, MgHC,H;0,. Molec-
nlar weight, 213. 48,

Synonyms.—Magnesii citras. Citrate of magnesium.
Citrate of magnesia.

The hydrogen magnesium citrate is made by the fol-
lowing experiment :—

Magnesium carbonate is mixed with water in a capa-
cions porcelain capsule, and the mixture is warmed to the
temperature of 82° C. (179.6° F.) and into it is then stir-

' 21
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red solution of citric acid until the carbouate of magne-
gium is dissolved, dud effervescence ceases. Add a little
carbonate of magnesium to the solution, in order that all
free citric acid may be neutralized, after which the solu-
tion is to be filtered and evaporated to drynessin a cur-
rent of air, at the temperature of about 82° C. (179.6° F.)
The normal salt is much less soluble than the hydrogen
magnesium citeate, and is precipitated fmm. solutions of
the foregoing upon standing. Neither salt is used in the
dry form in this country, but a preparation known as—

Solution of Citrate of Magnesia, is a favored pharma-
ceutical, and in much demand. According to the present
officinal process, bicarbonate of potassium is employed to
yield the required carbon dioxide, althongh in making
solution of citrate of magnesium upon a large scale, freshly
precipitated carbonate of magnesium is dissolved in car-
bonic acid water, under pressure of the carbonic acid gas,
and this solution is poured upon the proper amount of
syrup of citric acid, previously placed in the “magnesia
bottles.” These are then corked, tied over with strings,
and agitated, the result being formation of citrate of mag-
nesium with liberation of carbon dioxide.f

Magnsesium Sulphate.—Formula. MgSO,. Molecnlar
weight, 119.76. Crystallized— MgSO,7H,0. Molecu-
lar weight, 245.48,

Synonyms. Magnesii sulphas. Sulphate of magnesium.
Sulphate of magnesia. Epsom salt.

Sulphate of magnesium is the most common, and most
extensively used of the salts of this metal. It occurs
native in many minerals, in the deposits at Stassfurt, in
caves throughout the United States and other countries,
in gypsum quarries, and in most mineral springs. Sul
phate of magnesium is produced upon a large scale in all
civilized countries, and is so cheap in the market, as to

T In practice it is customary to place the solution of carbonate of
magnesium in the bottles, and then throush a funnel with a long
glass exit tube, to pour the syrup of citric acid upon the bottom of
the bottle beneath this solution.
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render its preparation by pharmacists unnecessary, unless
for an experiment. It may be made in an experimental
manner, by dissolving either the carbonate of magnesium
or the calcined maguesia in dilute sulphuric acid, and- af-
terward evaporating the solution to crystallization.

Common Epsom salt is in the form of small, colorless,
needle-like crystals, usually slightly moist, and are rep-
resented by the formula, MgSO,.7TH,0. They are made
by dissolving crude sulphate of magnesium in hot water,
almost to saturation, and then rapidly cooling the solution.
If they absorb moisture, chloride of magnesium is pres-
ent. Owing to the cheapuess of this salt it can not be
adulterated with any object, and impurities of a serious
character are not likely to occur. The salt resembles,
somewhat, oxalic acid, and very closely, in general ap-
pearance, sulphate of zine. Through carelessness they
could be mistaken.t It dissolves in less than its own
weight of boiling water, and in one and one half parts of
cold water, but it is insoluble in alcohol. Upon heating
the crystals, they part with six molecules of water at a
temperature of 150° C. (302° F.) but a temperature of
200° C. (392° F.) is required to drive off the remaining
molecule.

Sulphite of Magnesium, MgSO,,6H,0., may be made
by dissolving either the carbonate of magnesium or cal-
cined magnesia in solution of sulphurous acid, and then
evaporating the solution to crystallization in a current of
cool air by exposure in a shallow evaporating vessel. It
is very seldom employed.

Tests for Magnesium.—Add to the solution of a salt of
magnesinm, a little ammonium chloride and then ammo-
nium carbonate, no precipitate is produced. Add to this
solution a solution of phosphate of sodium (Na,HPO,);
a precipitate (MgNH,PO,) follows, either at once or after
stirring the mixture with a glass rod. If a precipitate

t A blunder of this nature could be detected by testing with solu-
tion of calcium chloride for oxalic acid, a» white precipitate identi-
fving thatcompound. Sulphate of zine will give a precipitate with
sulphide of ammonium or with ferrocyanide of iron and sulphate of
magnesium will not.
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follows the addition of the ammonium carbonate, the pre-
cipitate (likely barium or calcium) is to be separated by
filtration, and the filtrate tested with sodium phosphate.
"This test is characteristic of magnesium.

7L ZINC.

Symbol, Zn. Atomic weight, 64.9.

Zinc has been indirectly known since the earliest days,
as a substance that modified the appearance of copper,
brass being the form produced through its agency. Basil
Valentine first used the term (zinken). Zinc was once
confounded with bismuth. The metal occurs in many
localities in ores of various compositions, and is purified
in large amounts and employed both in the arts and in
medicive. Formerly calamine (an impure form of zine
ore, ZnCO,) was the only ore worked, but at present many
others are employed in this country and in Europe. Zine
is a blueish-white metal, melts at 433° C. and boils at
1040° C. The specific gravity is 6.9. It may be powdered
at a temperature of about 205° C., but is malleable at
between 100° and 150° C. (212° and 302° F.) The pure
metal is scarcely affected by dilute sulphuric acid, but the
addition of a few drops of solution of chloride of pla-
tinum causes immediate action, explained by the fact that
the chlorine of the platinum salt unites with the zinc to
form chloride of zine, and the platinum is thus deposited
upon the surface of the zine, and induces a galvanic cur-
rent. Commercial zine is very impure. It contains in
varying proportions lead, silver, cadmium, iron, arsenic,
and even other metals, and carbon. It dissolves quickly
in diluted sulphuric acid. Ordinary zinc is used in making
brass, in galvanizing iron, in the form of sheets, and in
many branches of the arts, and is a valnable metal. When
it is melted and poured in a small stream into cold water
it assumes a form known as granulated zinc, which is used
to dissolve in acids.
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Zinc Acetate. — Formula, Zu2C,H,0,. Molecular
weight, 182.62. Cl'ys(.allized—-ZuZC.-,h302.2H20. Mo-
lecular weight, 218.54.

Acetate of zinc is made by the following—

Ezxperiment—Place any-given amount of acetic acid
(officinal) in a capacious porcelain capsule, and add to it
dry carbouate of zinc until effervescence ceases, and the
carbonate is in slight excess. Warm the solution and
filter it at once, then place the filtrate in a cool locality
that crystals may form, which must be dried by exposure
to the air upon porous paper. The mother liquor from
the crystals may be evaporated and again crystallized.
About two parts of carbonate of zinc will be required for
five parts of acetic acid.

Acetate of zine crystallizes in pearly white plates, very
small and silky, from a concentrated solutioun, but they
may be made of considerable size. The taste is bitterish
and nauseating, they smell of acetic acid, slightly efflo-
resce in dry air, and when heated fuse, blacken, burst
into a flame, and leave a residue of oxide of zine. They
dissolve in half their weight of boiling water, in about
three parts of cold, and in their weight of boiling alcohol,
specific gravity 0.835. :

Zinc Bromide (Bromide of Zinc), ZuBr,.

This is produced when bromine vapor is passed over red-
hot metallic zinc. It may be readily made by digesting
hydrobromic acid with pure metallic zinc, filtering the
product, and evaporating the filtrate to drvness, occasion-
ally adding a little hydrobromic acid during the evapora-
tion. By this experiment zinc unites with the bromine,
and hydrogen gas escapes, thus :—

Zn+2HBr=ZuBr,+H,.
Bromide of zinc corresponds nearly in properties to the
chloride. Tt has a sweetish, styptic taste, is white, deli-

quesces in theair, and sublimes on heating, condensing in
white needles.
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Zinc Carbonate.—Formula, ZuCO,. Molecular weight,
124.75.

Synonym.—Normal zine carbonate.

This salt in a hydrated form is thrown down when a
solution of bicarbonate of potassium is mixed with a solu-
tion of sulphate of zinc. It is not used in medicine.
Calamine, or zinc spar is a native impure form of this
compound. Ifinstead of hydrogen potassium carbonate,
normal carbonate of sodinm be employed to precipitate
the sulphate of zine, basic zinc carbonates are produced.
The composition of these varies with both the tempera-
ture of the solutions and the proportion of water present.
From this reason the so-called carbonate of zinc of our
pharmacopeeia is a basic carbonate.

Zinci Carbonas Preecipitata, U. S. P.—Formula,
ZnCO0,4,2Zn(OH),. Molecular weight, 322,39. Or,
Zn GO, 3(Zn0), 3if, . 0. ~Molecular weight, 340.35.

Synonyms.—Precipitated carbonate of zine. Carbonate
of zine.

Preparation.—Dissolve twelve troy ounces each of sul-
phate of zinc and of carbonate of sodium, severally, in
four pints of distilled water with the aid of heat; then
mix the solutions, and having stirred the mixture well set
it aside that the precipitate may subside. Pour off the
supernatant liquor, and having washed the precipitate
with hot water until the waslungs are nearly tasteless,
dvy it with a gentle heat. As thus prepared the so-called
carbonate of zinc is a tasteless white powder, insoluble in
water, but soluble in dilute acids with evolution of carbon
dioxide. When it is calcined, water and carbon dioxide
escape and oxide of zinc remains.

Zinc Chloride.—Formula, ZuCl,. Molecular weight,
135.64.

Synonyms.—Zinci chloridum. Chloride of Zinc.

This may be prepared by dissolving ordinarv metallic
zine in hydrochloric acid, (specific g ("l‘d\’ltV 1.130 if conve-
nient), and after the re‘\otmn,'\d«lmv to thesolution a few
pieces of metallic zinc and digesting this mixture at the
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temperature of a water bath for 24 hours, and then filter-
ing the solution through muslin. Freshly precipitated
carbonate of zine, (precipitated in the cold with sodium
carbonate), is then to be mixed with the solution-and
chlorine gas passed through it until in excess. The solu-
tion is now to be again filtered, and evaporated over a
sand bath with constant stirring until a dry salt remains.
The object of digesting the solution with excess of zine
is to precipitate lead, copper, arsenic and tin.  The treat-
ment with carbonate of zine and chlorine separates the
iron.  Chloride of zinc is white, odorless, and possesses
a disagreeable, saline, metallic taste. It is very deliques-
cent, and dissolves in both water and alcohol. It is used
as a caunstic aud is employed in solution as an injection
for preserving anatomical subjects. In this latter instance
an impure solution is made by simply dissolving zine in
hydrochloric acid and straining..

Zinc Cyanide. (Cyanide of Zinc).—Formula, Zn(CN),.
Or, Zn(Cy),.

This is made by adding hydrocyanic acid to a solution
of acetate of zine, cyanide of zinc precipitating and acetic
acid being liberated. The precipitated cyanide of zine
dissolves to an extent in acetic acid, therefore, it is best to
occasionally neutralize the most of the free acid with a
little ammonia water. Cyanide of zinc is a snow-white
powder, insoluble in water and alcohol, but dissolves in
solution of cyanide of ammounium or cyanide of potassi-
um. An excess of ammonia must not be used to neu-
tralize the liberated acetic acid during the previously
named operation. It decomposes by age.

Zinc Ferrocyanide.—Formula, Zn,FeCy,.

This is prepared by adding a solution of ferrocyanide
of potassium to a solution of sulphate of zinc, and washing
the precipitate well with water,and then drying it. Ferro-
evanide of zine is a white powder, and evolves hydro-
evanic acid when added to dilute sulphuric acid. It is
not soluble in water or alcohol,
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Zino Hydroxide, (Hydrate of Zinc). — Formaula,
71“(‘ )”)‘,

Ihis ie produced when caustic potash or caustic soda is
added to the solation of a zine salt. It is very soluble in
an oxoens of the alkali, therefore, caution must be observed,
thit the proportions are nearly exact. According to
Bodeker, t'lm solution of this compound in caustic potash
solution deposits erystals of the composition Zn(OH), H,0.

Zino lodlde. (lodide of Zinc).—Formula, ZnI,.

Mix two troy ounces of iodine with about one troy
otnee of gennulated zine, and eight fluid ounces of water,
nid digost together until the color disappears, towards
the nat, with the nid of o gentle heat.  When the solution
beeotmes tennsparent, filter it, then evaporate it carefully
to devness,  lodide of zine is colorless, but upon expo-
wite I deliquesees, then  decomposes, and tarns red,
fodine being libeeated, It dissolves freely in water. and
# w eup ot indide of sine is oceasionally used in medicine.
Ly e newde as tollows t—

Ny of bodide of Zine.—Filter the solution of tdide
Wl s prdueed by the above formuly, and adid e fil-
feve f o teen ttoy onnces of white sugare, and aad o the
i wiittierent distilled water to bring to the messu
ey d cuneess Dissolve the sagae by st
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ing. Tt dissolves in most dilute acids, and the solution
should not strike a red color with sulphocyanide of po-
tassium (iron), and should remain transparent upon treat-
ment with sulphide of hydrogen (absence of lead, copper,
etc.) Commercial oxide of zinc is usually a heavy, almost
pure white powder, and is produced directly from the
metal according to processes we have given. It is not
desirable as a medicine.

Zinc Lactate. (Lactate of Zinc).—Formula, ZuC H -
0,.3H,0
This salt is easily prepared by dissolving carbonate or
pure oxide of zinc in dilute lactic acid, and evaporating
the solution to crystallization. The crystals are acid in
reaction, impart a metallic taste, and are quite soluble in
hot water, but much less soluble in cold water.

Zinc Prl}osphide. (Phosphide of zinc), Formula—
n,r, .
When finely divided metallic zinc is heated in the va-
por of phosphorus, a gray mass results, having the above
composition. It may be made of a bright metallic ap-
pearance by heating zine to the melting point in an at-
mosphere of hydrogen, and then passing over it a mix-
ture of hydrogen gas and phosphorus vapor until the
phosphorus ceases to be absorbed. This compound can
not be produced with safety in experimental amounts.

Zine Salicylate. (Salicylate of zinc). Crystallized—
Zn2C,H,0,.3H,0.

This salt is made by mixing salicylic acid with distilled
water, heating the solution and adding an excess of oxide
of zinc and digesting the mixture until the acid is satu-
rated ; then filtering the solution and crystallizing. The
crystals are in the form of long needles, of a sweetish
metallic taste, soluble in both water and alcohol.

Zinc Sulphate.—Formula, ZuSO,. Molecular weight,
160 72. Crystallized—ZnS0,7H,0. Molecular weight,
286.44.

Synonyms.—Zinci sulphas. Sulphate of zinc. White
vitriol.
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This salt, under the name of white vitriol, in contradis-
tinction to green vitriol (sulphate of iron), and blue vitriol
(sulphate of copper), has been known since the day of
Busil Valentine. 1t was not, however, until 1735, dem-
onstrated to be a compound of zine. Itis made on a large
scale by roasting the native sulphide of zinc ores, and
- exhausting the calcined mass with water, and evaporating
to crystallization. In commerce it is also made by dis-
solving metallic scrap zinc in dilute sulphuric acid, di-
gesting for several hours at 180° F. the liquid in contact
with excess of zinc, then filtering it and crystallizing.
Sulphate of zinc usually contains traces of iron as made
by this process, but the arsenic mostly escapes with the
generated hydrogen, and what remains in solution pre-
cipitates upon subsequently digesting the solution with
zine, as is also the case with lead, cadmium, copper and
tin. Iron may be separated by the process empl}())yed in
making chloride of zine. Sulphate of zine may also be
made by dissolving officinal carbonate or oxide of zinc in
dilute sulphurio acid, and evaporating the solution to
crystallization.

Sulphate of zinc is the most common salt of zine, and
is so cheap as to forbid its preparation by pharmacists ex-
cepting, simply, by way of an experiment. The crystals
are* isomorphous with Epsom salt (sulphate of magne-
sium), and in general appearance can not be distinguished
from that article. Sulphate of zine, however, will give
a precipitate with ferrocyanide of potassium, aund also
with sulphide of ammonium, which is not the case with
Epsom salt. Heated, it melts, and at 100° C. (212° F.)
gives off six molecules of water, the remaining molecule
being retained until a red heat is reached ; at a white heat
decomposition results and oxide of zinc remains. Sul-
phate of zinc is insoluble in alcohol, but it dissolves in two
and oue-third parts of cold water and in less than its own
weight of boiling water. It has a disagreeable styptic
taste, and in over doses acts as an emetic,
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Zinc Sulphocarbolate. (Sulphocarbolate of zinc. Sul-
phophenate of zinc).—Formula, Zn(C,H;S0,),.8H,0.

This salt is made by mixing together equal weights of
carbolic and sulphuric acids, and heating the mixture at
a temperature of 180° F. for from six to ten hours, then
diluting the mixture with eight parts of water and satu-
rating the mixture with officinal carbonate of zine, filter-
ing the solution and evaporating it to crystallization. The
crystals should be purified from a little adhering sulphate
of zine by recrystallization. This will form the ortho-
salt. Para-sulphocarbolate of zine is made in the same
manner, excepting that the mixed sulphuric and carbolic
acids are heated to 300° F. This latter salt crystallizes
much nicer than the ortho-salt and is tne modification
found in.market. Both forms have the same composition.
Sulpho-carbolate of zine shonld have a white color. It
is inodorous, and dissolves readily in water.

Zinc Sulphide. (Sulphide of zinc).—Formula, ZuS.

This compound is found native, and the ore is known
under-the name, zinc blend. It usually contains iron and
other impurities. It may be made by adding sulphide of
ammonium to a solution of sulphate or chloride of zine,
washing the white precipitate with water and then drying
it. Thus we obtain sulphide of zinc as an amorphous
white powder, odorless and tasteless. When oxide of
zince is ignited in sulphide of hydrogen, crystals of sul-
phide of zinc form.

Zinc Valerianate.—Formula, Zn2C;H,0,.H,0. Mo-
lecular weight, 284.4.
Synonyms.—Zinci valerianas. Valerianate of zine.

This is made by the officinal process by mixing a con-
centrated solution of wvalerianate of sodium with a
strong solution of sulphate of zinc. Double decomposi-
tion follows, sulphate of sodium and valerianate of zine
being formed. The sulphate of sodium remains in solu-
tion while the valerianate of zinc crystallizes and may be
washed with a little water and then dried. The reaction
is expressed as follows :—
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ZnSO, + 2NaC;H,0, = Na,80, + Zn2C,H,0,.
Zino sulphate. Sodium valeriauate. Sodium sulphute. Zinc valerianate.

Valerianate of zinc may be made by dissolving pure
oxide (or better, carbonate freshly precipitated) of zinc in
dilute valerianic acid. When the acid is saturated, filter
and evaporate the solution to crystallization, and then dry
the crystals.. This salt is never made on a small scale,
as the expense of valerianic acid, and loss of zine valeri-
anate forbids economy.

Valerianate of zinc crystallizes in white, light, mother-
of-pearl or_satin-like scaly crystals. The taste is bitter-
ish and disagreeable; the odor is that of valerianic acid.
When heated it decomposes, turns black, then bursts into
flame and burns, leaving a residue of oxide of zinc. The
crystals dissolve in cold water, in alcohol, and in ammo-
nia water.

Tests for Zinc.—Ignite a compound of zinc on char-
coal in the blow-pipe flame, and moisten the mass while
hot with a solution of cobalt nitrate. Ignite again, a
green mass (Rinmann's green) results.

2. Ignite on charcoal, a zinc compound with sodium
carbonate, in the inner flame of a blow-pipe. Zinc oxide
results, which is yellow when heated and white when cold.
Moisten this with solution of cobalt nitrate, heat again, a
green mass results.

3. Add ammonium sulphide to the neutral solution of
a zinc salt; a white precipitate results. Add now solution
of caustic potash until it is in excess ; the precipitate does
not dissolve. This reaction distinguishes zinc from all
other metals.

LEAD GROUP OF METALS.

LEAD, THALLIUM.

These elements are very heavy, and comparatively soft.
Lead in many respects resembles the metals of the alka-
line earths, while thallium approaches the alkali metals.
The basic oxides of each are alkaline. Their sulphides
are black and insoluble.
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LEAD (Plumbum).
Symbol, Pb. Atomic weight, 206.4.

Lead was mentioned in the Old Testament. Tt is one
of the most abundant of metals, and has been found in a
free state, but this is not common. The common ore of
lead is galena, or lead sulphide, PbS, a mineral found in
all parts of the world, and from this is produced the lead
supply of the world. Lead is easily reduced from this ore.
Roasting of galena in a reverberatory furnace at first
changes a part of the sulphide of lead into sulphate of
lead, by absorption of oxygen. An increase of heat now
produces metallic lead and sulphur dioxide, thus:—

PbSO, + PbS = 2Pb. 4 280,.

Lead Lead Lead. Sulphur
sulphate. sulphide. dioxide.

Commercial lead usually contains silver, antimoity, cop-
per and iron, and may contain nickel, zinc and bismuth.
These impurities are of little consequence, however, as
they are seldom in large proportions. Antimony renders
it hard. .

Lead melts at 334° C., is a soft bluish metal, not elas-
tic, and is volatile at a white heat. It may be rolled into
sheets, and becomes covered with a film of oxide upon
exposure to moist atmosphere, and rapidly oxidizes when
heated in a current of air. Dilute nitric acid dissolves it,
but other dilute acids, as a rule, scarcely affect it. Metal-
lic lead is extensively employed in the arts, and on ac-
count of its softness, low melting point, and capacity to
resist the action of ordinary water and most dilute acids,
is a valuable metal. The salts of lead are poisonous, and
workmen eungaged in white lead works, painters, etc., are
subject to its effects.

Lead Acetate.—Formula, Pb2C,H,0,.3H,0. Molecu-
lar weight, 378 0. _
Synonyms.—Plumbi  acetas. Acetate of lead. Sugar
of lead.
LErperiment.—Mix two parts of officinal acetic acid with
one part distilled water in an evaporating dish, and add
to the mixture one and one-half parts of oxide of lead



354 CHEMISTRY OF MEDICINES.

(litharge). Heat the mixture on a water bath, with
occasional stirring, and when the acid is neutralized filter
it. Evaporate the filtrate until a pellicle forms, add a
little ‘acetic acid, place the solution in a cool situation to
crystallize. Drain the erystals and dry them on paper in
a cool situation.

As thus prepared, sugar of lead is obtained in the form
of transparent needle-like crystals, but when made on a
large scale it crystallizes in masses. Upon exposure it
effloresces, and ultimately becomes, in part, converted
into carbonate of lead, from absorption of carbon-dioxide
from the air; therefore, it is often necessary to add a lit-
tle acetic acid in dissolving acetate of lead. It is soluble
in about two parts of cold water, in half its weight of
boiling water, slightly soluble in ordinary alcohol, but is
insoluble in ether. If it dissolves completely in water
slightly acidulated with acetic acid (absence of traces of
sulphate and chloride of lead), and the solution is free
from blue tinge (copper), and has not the odor of coul
gas, it may be considered pure enough for ordinary pur-
poses, Zinc may be present, and even calcium and ba-
vium, but they are not likely to occur in large amount.
Sugar of lead is an active poison.

Treatment.—Give solution of sulphate of maguesium
(Epsom salt), or sulphate of sodium (Glauber’s salt), or
alum, or sulphate of potassium, and if vomiting does not
take place, give an emetic of sulphate of zinc, or use the
stomach pump. Let the patient drink freely of milk, and
unless Epsom salt has been administered, give castor oil
after the stomach has been evacuated by vomiting. For
treatment of chronic cases of lead poisoning see treatises
on poisons.

Solution of Subacetate of Lead is officinal in our phar-
macopeeia under the name liquor plumbi subacetatis. This
was originally made by Goulard, and the common name
for the solution at present is Qoulard’s Extract. 1t forms
the preparation known as Goulard’s Water when it is
mixed with eighty parts of distilled water. This solu-
tion is not a definite compound, but a mixture of basic
acetates. According to the U. S. P. Goulard’s Extract
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is made as follows: “Take of acetate of lead sixteen
troy ounces; oxide of lead, in fine powder, nine troy
ounces and a half; boiling water a sufficient quantity.
Put the acetate and oxide into four pints of boiling water,
in a glass or porcelain vessel, and boil for half an hour,
occasionally adding boiling.water to preserve the measure ;
then filter through paper. Lastly, keep the liquid in a
well-stopped bottle.”

Goulard’s Extract is transparent, sweetish, astringent,
and alkaline to red litmus paper. It precipitates upon
exposure to the air, or upon mixing with ordinary water
(carbonate of lead), but mixes transparent with pure dis-
tilled water. All the lead may be precipitated with sul-
phuric acid. It is poisonous, and the treatment is that
given for poisoning by acetate of lead.

Normal Lead Carbonate.—Formula, PbCO,. Molecu-
lar weight, 266.25.

This is a mineral known as cerusite. It is found native
in the form of transparent crystals. It may be made by
passing carbon dioxide into a weak solution of sugar of
lead, when it will precipitate. This is not used in medi-
cine, and is not the ordinary compound known as car-
bonate of lead. Lead gives rise to several basic carbo-
nates, and the officinal carbonate of lead (white lead) is a
basic carbonate. '

i/ Lead Carbonate.—Formula, 2PbCO,+Pb(OH),. Mole-
cular weight, 772.82. ,

Synonyms.—Plumbi carbonas. White lead.

This is a very old compound, and strange as it may
seem, the original “ Dutch process,” for its manufacture
is preferred at present. This consists in placing rows of
earthen pots under sheds, pouring into each pot a little
acetic acid, placing above this, inside of each pot, a roll of
sheet lead, and covering the entire arrangement with tan-
bark. The heat of the decomposing bark evaporates the
vinegar, this unites with the lead to form basic acetate
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of iead, and the carbon dioxide supplied from the decom-
posing orginic matter of the bark converts this into white
lead. Several improvements have been suggested over
this crude method, and in Europe some patents have even
been taken, but it is doubtful if any process gives a white
lead with the covering (body) power of the original. In
this city we know preference is given to the original article.
Common carbonate of lead is white, heavy, and amor-
phous, even under the microscope showing no crystalline
structure. Tt should dissolve in dilute nitric and acetic
acids without residue. It is turned black by sulphide of
hydrogen, and from this reason is not admired as a paint
for laboratories or the buildings near sulphur springs. It
is adulterated by “baryta” (sulphate of barium) to a
very great exteut, but this adulteration is admitted by
such as purchase cheap brands of white lead. In this
country the manufacturer’s word is now considered a guar-
antee of the quality. Sulphate of barium will not dis-
solve in dilute nitrie acid, therefore the adulteration is
easily detected. White lead is poisonous, and for the treat-
ment we refer the reader to acetale of lead, page 254.

Lead Chloride.—Formula, PbCl,.

Synonym.—Chloride of lead.

Lead will slowly combine with chlorine at ordinary
temperatures. Boiling hydroch'oric acid with lead lib-
erates hydrogen and forms chloride of lead.  Solution of
alkaline chlorides form precipitates of lead chloride with
solutions of lead salts.  Hydrochloric acid acts on carbo-
nate or oxide of lead, chloride of lead resulting. There
are several basic chlorides of lead (oxy-chlorides) some of
which are native, as the minerals mallockite and mendi-
pite. A form of oxy-chloride of lead, Pb(OH)Cl, is used
as a substitute for white lead in some countries, and is
made by a patented process. Turner’s yellow is an oxy-
chloride of lead. None of the compounds of chlorine
with lead are used in medicine. The antidote for lead
chloride is the same as that for acetate of lead.



LEAD. - 257

Lead Iodide.—Formula, PbI,. Molecular weight, 459.46,

Synonyms.—Plumbi iodidum. Iodide of lead.

This may be made by dissolving metallic lead in hot
hydriodic acid, but the easiest process is that adopted by
the pharmacopeeia, essentially as follows :— .

Experiment.—Dissolve one part of iodide of potassium
in two parts of distilled water, and mix this with a solu-
tion of one part of nitrate of lead in six parts of distilled
water. Filter the liquid, and wash the precipitate with
a little cold distilled water, then dry it on bibulous paper
by exposure to the atmosphere. Todide of lead is a beau-
tiful yellow compound, soluble in 1235 parts of cold water
and 194 parts of boiling water (R. and 8.), the solutions
being colorless. The specific gravity is 6.1. Tt dissolves
freely in hot solution of chloride of ammonium, and an
interesting experiment is to dissolve it in this manner in
a beaker glass, and observe the beautiful play of colors as
the light is reflected from the glittering scale-like crystals
during their formation. This is especially beautiful in
sunlight.

Lead Nitrate.—Formula, Pb(NO,),. Molecular weight,
330.18. .

Synonyms.—Plumbi nitras. Nitrate of lead. [Lead
sali})etre.] Normal lead nitrate.

Nitric "acid, warm, acts upon lead, the result being
nitrate of lead. This salt is manufactured upon a large
scale by dissolving litharge in dilute nitric acid by the
aid of heat, and evaporating the solution to crystallization.
Nitrate of lead crystallizes in white porcelain-appearing
crystals of an astringent, metallic taste. It dissolves freely
in water, with decrease of temperature and deflagrates
upon rubbing with sulphur. Thissalt is largely used in the
arts, as in dyeing, and is used in medicine, and in the prepa-
ration of iodide of lead. It forms, when boiled with water
and its weight of litharge, a compound, Ph(NO,)OH,
which is a basic nitrate of lead. The antidote for nitrate
of lead is that suggested for acetate of lead.
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Lead Oleate. — Formula, Pb2C,;H,;,0,. Molecular
weight, 767.16.

Synonyms.—Oleate of lead. Lead plaster.

When litharge is boiled with olive oil, decomposition
ensues and oleate of lead and glycerin results. This com-
pound has long been familiar, under the name lead plaster,
aud in addition numbers of ointments and unofficinal plas-
ters contain oleate of lead as a base, either litharge or red
lead Dbeing boiled with various oils in their preparation.
Awmong such we name Mayer’s ointment, black salve, ete.
Oleate of lead has been employed in medicine and is pre-
pared from oleie acid as follows : Place one hundred parts
of oleic acid in an evaporating vessel, and mix with it
twenty parts of pure litharge. Heat the mixture to a
temperature of 180° F., with stirring, maiutaining the
heat until the litharge is dissolved. Oleate of lead, as
thus prepared, is a tenacious, sticky mass. In former
years the formation of lead plaster was used as a source
of glycerin.

Lead Oxide.—Formula, PbO. Molecular weight, 222.36.

Synonyms.—Plumbi oxidum. Oxide of lead. Lead
monoxide. Litharge.

This compound exists naturally as the mineral Nogge-
rath. It is formed when leud is simply heated in the air.
and has been known singe ancient times. Litharge is made
by heating metallic lead in a draught of air, and scraping
from its surface the layers of oxide as they form. This
contains metallic lead, has a yellowish-gray color, and is
known as massicot. It is now more strongly heated in
the atmosphere whereby the lead is perfectly oxidized and
the mass partly fuses. The color of litharge may incline
from yellow to reddish. Litharge is often impure, contain-
ing iron, copper and carbonate of lead in small propor-
tion. Tt is laveely emploved in the arts.

Red Lead, Ph O, is either made from litharge or earbo-
nate of lead, by careful roasting at dull redness. There
are other oxides of lead, but they are of no particular
importance to physicians or pharmacists.
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Lead Sulphate.—Formula, PLSO,. Molecular weight,
302.22.

Synonyms.—Plumbi sulphas. Sulphate of lead.

Sulphate of lead is found native and known as lead
vitriol. It is easily made by mixing the solution of an
alkaline sulphate with a solution of a soluble lead salt,
the sulphate of lead precipitating as a white powder. It
has the specific gravity of about 6.2, is almost insoluble in
water, but dissolves in solution of many salts, such as
acetate of ammonium and acetate of potassium. It is of
no particular importance.

Lead Sulphide.—Formula, PLS.

This compound occurs native as galena, and is the
natural source of lead and its compounds, therefore it is
very valuable, but is not used in the arts nor in medi-
cine. Sulphide of lead is thrown down as a black pre-
cipitate when sulphide of hydrogen is passed through a
solution of a salt of lead, and as we have said, is formed
when sulphide of hydrogen comes in countact with white
lead paint.

Tannate of Lead is made by pouring a solution of tannic
acid into a solution of nitrate of lead. It precipitates
nearly white, but when the precipitate is washed and
dried it changes to a brown color.

Tests for Lead.—1. Pass sulphide of hydrogen through
a solution of a lead salt, black sulphide of lead is pro-
duced. If some other metals such as mercury and copper
are present, the reaction is identical, as the sulphides are
also insoluble and black. To identify lead, mix the pre-
cipitate with warm nitric acid, filter, add to the filtrate a
little sulphuric acid;a white precipitate will follow if lead
was present in the original solution.

2. If hydrochloric acid be added to a solntion of a lead
salt (not too dilute) a white precipitate results. This dis-
solves in boiling water and separates when the solution
cools, as needle-like crvstals. If the solution of the lead
salt is very dilute, the precipitate fails to form. In such
cases perform the sulphide of hydrogen test.
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THALLIUM. \
8ymbol, TI (T). Atomic weight, 203.6.

Thallium is one of the recent discoveries, having been
identified by spectrum analysis in 1861, by Crookes. He
supposed it to be of the sulphur group, and considered it
a non-metallic element. In 1862, however, Mr. Lamy,
independent of Mr. Crooke'sdiscovery, prepared the ele-
ment in metallic form.

Thallium exists in many varieties of iron and copper
pyrites and in a few other minerals, and it is fouud in
some natural waters. The metal has a bluish tint, is very
soft, malleable, has the specific gravity 11.8, and melts at
the temperature of 290° C. Tt dissolves in dilute acids,
forms two oxides (monoxide T1,0, and trioxide T1,0,)
and a hydroxide, TIOH. It forms salts, and is peculiar
in this respect, that it resembles the alkali metals in some
particulars, as in its alkaline hydroxide. On the other
hand, it resembles lead as an element, and its sulphide is
black. Tt is of no use in the arts, and none of its salts
are employed in medicine.

THE COPPER GROUP OF METALS.
COPPER, MERCURY, SILVER.

COPPER. (Cuprum).
Symbol, Cu. Atomic weight, 63.0

This metal is found native, and has been used by man
from pre-historic times. It occurs in many localities,
sometimes, as near lake Superior, in enormous masses. It
usually containg small amounts of silver, bismuth,_lead,
iron, ete. It is unnecessary for us to go into the history
of copper smelting, and other processes for extraction of
the metal. Copper is sometimes found native in crystal-
line form, as octohedrons. Copper has a reddish color,
known as “copper-red,” and when polished acquires a
bright metallic luster. It is very tough and malleable,
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but the admixture of certain other metals, and of sulphur,
renders it brittle. Excepting silver, it is the best known
conductor of electricity. It melts at a temperature less
than the melting point of gold and greater than that of
silver. 'When molten it has a greenish-blue color and
possesses the power of absorbing many gases.

Copper forms two series of salts, known as cuprous and
cupric salts. These correspond to the oxides, thus:—

Cuprous oxide...... cerreeeeitetrosrresrasrocaes ..Cu,0.
{ Cuprous bromide....ccoeurueennnnnnns ceerees Cu,Br,.
Cupric oxide....,...... R o1 {0 X
{Cupric bromide.....coeeueiiiien ciiiia, CuBr,.

Of these two classes of salts, only the cupric salts are
of use in medicine, therefore we shall not consuime space
by a study of the cuprous salts.

Alloys of Copper.—Brass is an alloy of copper and zine.
Varvious qualities of brass are made, containing different
proportions of the elements, and as the proportion of cop-
per to zinc increases, the color of the alloy reddens. Cop-
per-zinc alloys are harder than copper. Occasionally
small amounts of other metals are added.

Antidotes.—The salts of copper are poisonous. Usually
an overdose excites violent vomiting, and if this is not
the case, either an emetic or the stomach pump must be
employed. Mucilaginous drinks, milk and raw eggs
may be given with advantage, and fine iron filings, (see
sulphate of copper). Copper poisoning, it is said, may
result from the copper in pickles, and even preserved
fruits, and in such cases the copper is derived from the
vessel in which they were prepared.

Copper Acetate.—Formula, Cu2C,H,0,. Molecular
weight, 180.72.

Synonyms.— Acetate of copper. Cupriacetas. Cupric
acetate.

This is made by dissolving verdigris (sub-acetate of
copper) in acetic acid in excess, adding a little water,
filtering and evaporating the filtrate to crystallization.
Crystals of acetate of copper are small, dark green, or in-
clined to bluish, of a metallic taste and soluble in water.
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This salt is not used in medicine, but the solution is
known in commerce as—

Tinctura Cupri Acctici Rademacheri, or Rademacher’s
tincture of acetate of copper. It is made by dissolving one
part of acetate of copper in crystals in ten parts of
warm water, and adding to the solution eight parts of al-
cohol. The original process of Rademacher was by the
double decomposition of crystallized sulphate of copper
and crystallized acetate of lead, and we prefer it at the
present day. Tt is as follows:—

Take of crystallized snlphate of copper, and of crystal-
lized acetate of lead, ecach three (3) troy ounces; water,
seventeen (17) fluid ounces; alcohol, thirteen (13) fluid
ounces. Powder the the salts separately and then rub them
together in a mortar nntil they assume a pasty condition.t
Then gradually add the water, and afterward the alcohol.
Place the mixture in a bottle, and after fourteen days,
carefully decant the clear dark green or blue solution
from the precipitate of lead sulphate, and filter it through
paper.

CopPer Sub-acetate.—Formula, (Cu0)2C,H,0,. Mo-
ecular weight, 196.68.

Synonyms.—Cupri subacetlas. Sub acetate of copper.
Oxy-acetate of copper. Cupric sub-acetate. ~ Verdigris.

This compound is an article of commerce in a more or
less impure state. It is usually employed as a constituent
of horse liniments, and for this reason the article is seldom
required pure. Verdigris is made in countries where wine
is produced, the manner of preparation being as follows:
Grape husks are permitted to ferment, and during the
action placed in layers in contact with partly corroded

T This, and tho process for making tincture of acetate of iron, illus-
trate in a beautiful manner the liberation of water of crystalliza-
tion. Im this instance the reaction is explained as follows ;:—

CuS0, 5H,0-+Pb2C,H,0,.3H,0=
PbSO, +Cn2C,H,0,4-8H0.
Tt will be observed that the combined water of the two original salts
is vqual to cight molecules, all of whichareliberuted, for the result-
ant salte are anhydrous. )
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copper plates. This forms acetate of copper, which is
changed into sub-acetate by subsequent wetting and ex-
posure to the atmosphere. Verdigris is an impure sub-
acetate of copper, containing oxide of copper. It
should mostly dissolve in ammonia, and either diluted
sulphurie, hydrochlorie, or acetic acid. Effervescence
should not take place while making the solutions in the
acids.

Copper Arsenite, CiHAsO;, or Scheele’s green, is
made by precipitating a solution of arsenite of potassium
with a solution of sulphate of copper. This was originally

-prepared by Scheele and from him it derived the well-
known and common name. It is of a beautiful green
color and is extensively employed as a pigment both in
painting and in paper coloring. It is very poisonous,
although it is insoluble in water, for the acids of the
stomach render it soluble. The antidote is ealcined mag-
nesia, freshly precipitated ferric oxide, and albumen. Use
emetics and the stomach pump (see antidotes fhr arseni-
ous acid). Scheele’s green is not used in medicine. There
are several native basic arseniates of copper, and thev can
also be made artificially, but are of no interest as con-
nected with our subjects.

Copper Carbonate. (Carbonate of copper.)

This compound, known also as sub-carbonate of copper
and basic carbonate of copper, is the compound formed
when sulphate of copper solution is precipitated by solu-
tion of sodium carbonate. Tt is of a greenish color, and
when freshly precipitated has the composition CuCO, +
Cu(OH),+H,O. Upon drying the precipitate the water
escapes and a salt of the composition CuCO,.Cu(OH),
remains, The so-called copper rust which forms on me-
tallic copper by exposure to the air (sometimes called ver-
digris) is this compound. Carbonate of copper prepared
as above, dissolves perfectly with a green color in dilute
acids and with a blue color in ammonia water. The most
likely impurity will be sulphate of sodium which can be
detected by boiling the carbonate with water, filtering,
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and adding solution of Larium chloride to the filtrate ; a
white precipitate will show a salt of sulphuric acid. There
are other basic carbonates of copper, but none of use in
pharmacy or in medicine.

Copper Hydroxide, or Cupric hydrate, Ca(OH),,, is
made when a solution of sulphate of copper is precipi-
tated with the solution of an alkali. It has a blue color,
and dissolves in ammonia to form a deep blne liquid, and
to this fact we are indebted for one of the tests for
copper. This solution will also dissolve. cotton, linen,
" and other modifications of cellulose. -

Copper Oxide.

There are four oxides of copper, .one only requiring
notice from us.

Copper Monoxide, Cupric oxide, Oxide of copper, (CuO),
or black oxide of copper. This is found native as the
mineral melaconite, but is usually made by calcining the
carbonate of copper. For this purpose the well washed
and dried carbonate of copper is pressed into a Hessian
crucible, and with a gradually increasing heat raised to
redness, and maintained at that temperature half an hour.
Whan nearly cool the black powder is placed in glass
stoppered vials. ‘

Black oxide of copper is tasteless and odorless. It dis-
solves in dilute acids, and the addition of ammonia to
such solutions produces deep blue liquids, when the
ammonia is in excess, and greenish precipitates when the
ammonia is in small amount.

Copper Sulphate.—Formula. CuSO,. Molecular weight,
158 82. Crystallized—CuSO,5H,0. Molecular weight,
248.62.

Synonyms.—Cupri sulphas. Sulphate of copper. Cupric
sulphate. Blue vitriol.

This salt may be made by mixing water and sulphuric
and nitric acids, then boiling the mixture in contact with
the copper until all action ceases, and then crystallizing
the salt. Or it may be made by dissolving in the same
manner copper  seales  obtained from the copper-
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smith. The sulphate of copper of commerce is obtained
as an incidental product in certain branches of the arts,
such as silver refining, or is produced from copper ores or
as a waste from copper mines, and as a consequence it
can not be made directly with a pecuniary object in a
small way. Sulphate of copper forms transparent, blue
crystals, of the specific gravity 2.28. It has no odor and
the taste is metallic and astringent The crystals effloresce
upon the surface in dry air, and turn white. At a tem-
perature of 240° C. it parts with the water of erystalliza-
tion, and forms a white anhydrid, which absorbs water
from the air and becomes blue. At a red heat decompo-
sition ensues and black oxide of copper remains. Sulphate
of copper dissolves in about its weight of boiling water,
and in about three and one-half parts of cold water. It
is an emetic. The solution of sulphate or other cupric
salt deposits metallic copper upon a bright blade of iron
or steel, and this fact has suggested the use of iron filings
as an antidote for poisoning by copper salts. Sulphate of
copper forms a compound with ammonia known as—

Ammoniated Copper. (Ammoniated sulphate of cop-
per.)—Formula. CuSO,.4NH,.H,0.

This may be made by rubbing powdered sulphate of
copper with ammonia water until the sulphate dissolves,
and then mixing the solution with alcohol, and collecting
the precipitate which forms, and drying it quickly. This
salt decomposes upon long exposure to the air, the result
being a basic sulphate of copper and sulphate of ammo-
nium. Ammoniated copper dissolves in one and one-half
parts of cold water, but decomposes in a large amount
of water (Wittstein). This salt is occasionally used in
medicine, and is made by rubbing together one part of
su'phate of copper and one and one-half parts of officinal
carbonate of ammonium, and drying the pasty mass
quickly. As thus obtained it is a variable compound.

Tests for Copper.—Sulphide of hydrogen throws down
black sulphide of copper from solutions of the copper
salts. This precipitate dissolves in warm nitric acid, the
solution having a green color. The addition of ammonia

23
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in excess changes the color to dark blue. When ammo-
nia water is slowly added to the solution of a copper salt
a green precipitate forms at first, but this redissolves when
the ammonium reackes an excess, a dark blue liquid
resulting. When solution of potassium ferrocyanide is
added to the solution of a cupric salt, a ved brown pre-
cipitate results. This precipitate is insoluble in dilute
acids, but dissolves in ammonia water. If a strip of
bright iron be introduced into the solution of a copper
salt the metal will be deposited upon its surface.

MERCURY. (Hydrargyrum).
Symbol, Hg, Atomic weight, 199.8.

Mercury is also known as quicksilver. It has been
known since the day of the alchemists, and at one period
they believed it to be the fundamental principle of all
metals. Mercury is found in many parts of the world as
an oxide, cinnabar. Most extensive mines are in Spain
and California. '

Mercury is a very interesting substance, standing iso-
lated among metals, for it is fluid at ordinary temperatures.
It resembles silver in appearance, and is so heavy that
iron and stone float upon 1ts surface, as cork npon water.
Commercial mercury is usually impure, and when a glob-
ule of it is permitted to low over a clean surface, a “ tail”’
remains, caused by the presence of dissolved metals.
Mercury may be purified by distillation, the surface of
the metal, during the operation, being covered with iron
filings. Pure mercury is fluid at ordinary temperatures.
It is silver-white, and is said to be transparent when in
thin films, transmitting a blue light. Its specific gravity
at 0° C. (32°F.)is 13.595. Mercury freezes at —39.4° C.
and boils at 357.25° C.

Compounds or mixtures of mercury with other metals
are called amalgams. When the proportion of mercury
is large, the amalgams are liquid. ~ When the other metal
isin large proportion the amalgam is pasty or granular.
In combining with metals, heat may be either liberated,
as with sodium, or absorbed, as with tin. Amalgams
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are very unstable, if they really are true chemical com-
pounds. It is customary to speak of dissolving metals in
mercury. Noune of the amalgams are of interest in a
pharmaceutical sense, but the principle of making them
may be illustrated by rubbing a clean copper coin with a
little metallic mercury, when a silver color will be pro-
duced. Metallic mercury is used extensively in the re-
fining of silver and gold, in thermometers and like instru-
ments, in silvering mirrors (amalgamated with tin), and
in many other branches of the arts. Rubbed with con-
fection of roses it forms—

Pilulee Hydrargyri or Pills of Mercury, commonly
known as blue mass. This is made as follows, according
to the U. 8. P.

Take of mercury, three hundred and eighty-five grains;
confection of rose, five hundred and seventy-six grains;
liquorice root, in fine powder, one hundred and ninety-
two grains. Rub the mercury with the confection until
the globules cease to be visible; then add the liguorice
root, beat the whole into a pilular mass, and divide into
three hundred and eighty-four pills. It is customary to
prepare and sell this article to druggists in mass.

Unguentum Hydrargyri, or Mercurial Ointment, is
made as follows:—

Take of mercury, twenty-four troy ounces ; of lard and
suet, each, twelve troy ounces. Rub the mercury with a
troy ounce of the suet, and a small portion of the lard,
until the globules cease to be visible; then add the re-
mainder of the lard and of the suet, soften with a gentle
heat, and mix them.

It will appear as though the properties of the above
named preparations should resemble those of metallic
mercury, but it has been demonstrated that metallic mer-
cury has no action upon the animal economy when swal-
lowed, even in large amounts. Some have argued that “ex-
tinguished ” mercury (rubbed with other substances until
globules are not visible to the eye) is in reality, partly an
oxide, and thus account for its action. It seems to the
writer, however, that the fine state of comminution, aund
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extent of surface produced, is sufficient to give the juices
of the stomach and intestines an opportunity to act upon
the metal which is impossible with a few large globules.
Mercury in the state of vapor is poisonous, and many of
its saltsare very poisonous. It forms two oxides, Hg,O,
mercurous oxide; and HgO, mercuric oxide. It also
forms two classes of salts, which correspond to the two
oxides and are known as mercurous salts, and mercuric
salts, thus :—Hg, I, is the lowest iodide, while Hgl, is
the highest jodide. Both mercurous and mercuric salts
are used in medicine.

Mercurous Chloride.— Formula, Hg,Cl,. Molecular
weight, 470.34.

Synonyms.—Hydrargyri chloridum mite. Mild chlo-
ride of mercury. Calomel. Subchloride of mercury.

This compound may be made by direct combination of
its elements. By acting upon a solution of mercurous
nitrate with dilute hydrochloric acid, or with a solution
of common salt (chloride of sodium). A very old process
is to distill a mixture of mercury, mercuric sulphate and
common salt. This last is the present officinal process.
It is unnecessary for us to reproduce it in detail, as calo-
mel is never made in a small way, and few desire to pre-
pave it even for the sake of experiment.

Calomel is a white powder; when made by sublimation
it is in larger particles than when made by precipitation,
and many physicians claim that the precipitated article is
preferable. It is tasteless, odorless, and evaporates at a
red heat, but does not fuse. It is inszoluble in water,
alecohol, and ether ; and distilled water boiled with it after
filtration yviclds no precipitate with ammonia or nitrate
of silver, (absence of soluble salts of mereury). With
solution of caustic potash it turns nearly black, suboxide
of mercury being formed. A preparation known ag “black
wash,” is made by mixing calomel with lime water.

Mercurous Iodide.—Formula, Hg,I,. Molecular weight,
652.66.
Synonyms.—Hy drargyri iodidum viride. Green iodide
of mercury. Protiedide of mercury.
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This salt is made by rubbing together mercury and
iodine, or by triturating mercuric iodide (red iodide of
mercury) with metallic mercury, or by the action of solu-
tion of mercurous nitrate upon solution of iodide of
potassium. i

According to the U. S. P., one troy ounce of mercury
is to be rubbed with three hundred grains of iodine, half
an ounce of aleohol being added to the mixture. I prefer
to place the alcohol in the mortar first. The result is to
be washed with stronger alcohol until the washings cease
to produce a cloudiness when dropped into water. The
elements combine directly to form mercurous iodide, yet
at the same time an uncertain amount of mercuric iodide
is always formed, and this is separated by the subsequent
treatment with alcohol, in which it is soluble. It is
doubiful, however, if commercial mercurous iodide is ever
free from mercuric iodide.

Green iodide of mercury is a Lreenish-yellow powder,
insoluble in water and alcohol. When treated with
stronger alcohol, the filtrate should scarcely cloud distilled
water when dropped into it, and should leave but a faint
red stain upon porcelain after evaporation. It sublimes
as yellow crystals (Yvon) when heated to 250° C. Mer-
curous iodide becomes of a red color when heated.

Mercurous Nitrate.—Formula, Hg,(NO,),. Molecular
weight, 523.38.

Syronym.—Nitrate of mercury.

When mercury is dissolved in cold nitric acid, especially
if dilute, this compound is produced according to the fol-
lowing equation :—

2Hg, + 8HNO, = 3Hg,(NO,), 4+ 4H,0 + 2NO.
Mercury Nitric acid Mercurous nitrate. Water. Nitric oxide.

The chemistry of this salt is of little interest, in a phar-
maceutical sense, excepting that its solution is produced
as a preparatory step in making citrine ointment. How-
ever, in this case, the after action of the hot grease leaves
it problematical as to the composition of the salt which
enters into the constitution of the ointment. Often also,
the action of the uitric acid upon the mercury, produces
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heat sufficient to form a portion of mercuric nitrate, and
perhaps where strong nitric acid is used, the mercu:ic
nitrate is in largest proportion.

Mercurous nitrate is soluble in dilute nitric acid and in
a small proportion of water, but an excess of water pro-
duces a basic salt. It crystallizes with two molecules of
water of the monoclinic system of crystallization.

Mercurous Oxide.—Formula, Hg,0. Molccular weight,
415.56.

Synonyms.—Sub-oxide of mercury. Black oxide of
mercury.

This is obtained by acting upon mercurous salts with
the caustic alkalies. It is seldom used in medicine, if we
may except the so-called black-wash prescribed by physi-
cians, and which is made by authority of the British phar-
macopeeia by mixing thirty grains of calomel with ten
fluid ounces of lime-water. Mercurous oxide is of a
blackish-brown color, and is easily decomposed by certain
organic substances, into metallic mercury and mercuric
oxide.

Mercuric Ammonium Chloride.—Formula, NH,HgCl.
Molecular weight, 251.18.

Synonyms.—Mercuric-ammonium chloride. Hydrargy-
rum ammoniatum. Ammoniated mercury. Infusible
white precipitate. White .precipitate.

This salt has the composition of ammonium chloride,
NH,CI, excepting that two atoms of hydrogen are dis-
placed by one atom of mercury. It is made by pouring
a solution of corrosive sublimate into excess of ammonia
water, the reaction being as follows :—

HgCl, + 2NH,0H = NH,HgCl 4 NH,Cl 4+ 2H,0.

Mercuric Ammoania Ammoniated Amnionium Water.
chloride. : mercury. chloride.

Ezxperiment.—(U. S. P. proportions.) Dissolve six
parts of corrosive sublimate in ninety-six parts of distilled
water by aid of heat, cool the solution, and stir into it
eight parts of ammonia water. Wash the precipitate by
decantation with distilled water, then dry the precipitate
in a cool dark place.
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Ammoniated mercury is a white powder, insoluble in
water and alcohol, but soluble in muriatic acid. Lime
water will not blacken it. When heated it decomposes
at less than redness without fusing, and is entively dissi-
pated, the products being calomel, nitrogen, and ammo-
nia gas, thus :—

6NH,HgCl=3Hg,Cl,+N, +4NH,.

Ammoniated mercury should not be mixcd with iodine
and alcohol, as this will produce a dangerous explosion.
There are many other mercuric-ammoninm compounds,
none of interest from a pharmacentical sense, however,
excepting—

Mercuric-diammonium Chloride. (Fusible white
precipitate.)—Formula, (NH,),HgCl,.

This may be made by boiling ammoniated mercury with
solution of chloride of ammonium, or by precipitating
solution of mercuric nitrate with sal-ammoniac and carbo-
nate of potassium. At one time this compound was con-
fused with ammoniated mercury (NH,HgCl). Fusible
white precipitate melts at a temperature less than redness.

Mercuric Chloride. — Formula, HgCl,.  Molecular
weight, 270.54.

Synonyms.—Hydrargyri chloridum corrosivum. Cor-
rosive chloride of mercury. Perchloride of mercury.
Bichloride of mercury. Corrosive sublimate. Mercurius
sublimatus corrosivus.

Bichloride of mercury is produced when mercury is
heated in chlorine gas, but in practice it is made by sub-
liming mixtures of sulphate of mercury (mercuric sul-
phate) and chloride of sodium (common salt), mixed with
a smallamount of manganese dioxide. The reaction may
be expressed as follows:—

HgSO, + 2NaCl = HgCl, + Na,SO,.

Mercuric fodium Mercuric fodium
sulphate chloride. chloride. sulphate,

Sometimes mercuric sulphate is contaminated with
mercurous sulphate. In that case calomel will be formed
and sublime with the corrosive sublimate. The addition
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of a little black oxide of manganese (manganese dioxide)
to the mixture previous to heating it, liberates a small
amount of chlorine gas during the reaction, and this con-
verts the calomel (Hg,Cl,) into corrosive sublimate
HeCl,.

Corrosive sublimate occurs in commerce as white masses,
semi-transparent, presenting a crystalline fracture. Tt
dissolves in twice its weight of boiling water, but is much
less soluble in cold water. It dissolves in three parts of
alcohol, four parts of ether, and crystallizes from solution
in four-sided prisms. It is very heavy, having a specific
gravity of 5.403. Heat melts and then volatilizes it.
With many chlorides corrosive sublimate forms double
chlorides, which are as a rule more soluble in water than
corrosive sublimate. This fact is taken advantage of for
making “bed-bug” poison, equal weights of corrosive
sublimate and sal-ammoniac being dissolved in water for
this purpose. Mercuric chlorides form a number of basic
chlorides, which may be obtained by boiling a solution of
corrosive sublimate with mercuric oxide. Corrosive sub-
limate has a sharp metallic taste and is an active poison.
The best antidote is albumen, with which it forms an in-
soluble compound, and for this reason white of eggs
should be given at once. If cggs can not be obtained
milk may be freely administered, or linseed and warm
water. In all cases vomiting must be provoked as soon
as possible, by the use of emetics, or the stomach emptied
with a stomach pump. All of the soluble, and many of
the insoluble salts of mercury are active poisons. The
general treatment is that which we have mentioned for
corrosive sublimate.

Mercuric Cyanide.—Formula, Hg(CN),. Molecular
weight, 251.76.

Synonyms.—Cyanide of mercury. Hydrargyri cyanidum.
This is made according to the U. S. P. by distilling a
mixture of ferrocyanide of iron, sulphurie acid and water,
and neutrallizing the distillate with red oxide of mercury
and evaporating the product in a dark place to erystalli-
zation, It may be made more simply by dissolving red
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oxide of mercury (red precipitate) in dilute hydrocyanic
acid, filtering, and evaporating the filtrate to crystalliza-
tion, the reaction being as follows : —
HgO 4 2HCN = Hg(CN), 4+ H,O.
Mercuiic  Hydrocyanic  Cyanide ot Wauter,
oxide, acid. mercury.

Scheele discovered this compound, obtaining it by boil-
ing Prussian blue, water and red oxide of mercury to-
gether. Cyanide of mercury is insoluble in pure alcohol,
but dissolves in eight parts of water. It crystallizes in
needles, and when heated , decomposes, giving off cyanogen.
When hydrochloric acid is added to the solution of cya-
nide of mercury, chloride of silver is formed as a white
precipitate, and hydrocyanie acid is set free, thus:—

2HCl+ Hg(CN), =HgCl, +2HCN.

Cyanide of silver is sometimes employed for the pur-
pose of nmkmg h) drocyanic acid.

Mercuric Iodide.—Formula, HgI,. Molecular weight,

452.86. .

_Synonyms.—Hydrargyri iodidum rubrum. Red iodide
of mercury. Biniodide of mercury.

Ezxperiment.— Dissolve one part of corrosive sublimate
in thirty parts of water, and pour into this solution a
solution of one-fourth part of iodide of potassium in.
eight parts of water. Wash the precipitate with dis-
tilled water, and dry it by exposure to the air on bibu-
lous paper. When solution of iodide of potassium is
slowly poured into solution of corrosive sublimate;
mercuric iodide is formed, and chloride of potassium,
thus:—

HgCl, + 2KI = Hel, 4 2KCL

Mel curlc Putassium Mercm ic Potassinm
chloride. iodide. iodide. chloride.

It will be noticed that as the first portions of the
solutions come together, a yellowish cloud forms, which
immediately dissolves ; after a little, it ceases to dissolve,
turns red, and precipitates. This precipitate will dissolve
in an excess of either solution, therefore, it is necessary to
have the components in proper proportion. Red iodide

24
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of mercury is a brilliant, deep-red or scarlet, crystalline
powder, it turns yellow when heated to 150° C. (302° F.)
and regains the red color upon cooling. If red-iodide of
mercury be melted and then cooled, it remains yellow, but
a blow from a hard body at once turns the mass to red.
It dissolves in solution of chloride of sodium, in hot al-
cohol, in solution of corrosive sublimate or in solution of
iodide of potassium; but is insoluble in water. It also
dissolves in solutions of many ammonium salts and soluble
iodides, forming double compounds. If red iodide of
mercury be adulterated, the fact can be discovered by
subliming it, or dissolving it in hot alcohol, when the im-
purities will remain. A specimen that once came under
our notice nicely crystallized, contained a considerable
amount of scaled glass. Red iodide of mercury is very
poisonous, and great care must be taken that it is not
mistaken for the green iodide, and substituted where that
salt is intended. We can not name a reliable chemieal
antidote ; the main dependence must rest with mucila-
ginous and albumiunous drinks, emetics, and the stomach
pump.

Mercuric Oxide.—Formula, HgO. Molecular weight,

215.76.

Synonyms.—Hydrargyri oxidum rubrum. Red oxide
of mercury. Red precipitate. Mercuric monoxide.

This was originally obtained by heating mercury some
length of time in the air. It is made on a large scale by
heating a mixture of nitrate of mercury and metallic
mercury until red fumes cease to be evolved. The U.S.P.
dirvects that nitrate of mercury alone, be heated ‘ until
red vapors cease to be evolved.” Few will care to make
this article for the sake of experiment, and it can not be
made on a small scale to any pecuniary advantage. Red
oxide of mercury is a bright red crystalline powder, which
in a strong heat turns black, then decomposes, evolving
oxygen ; metallic mercury remaining,

When solution of corrosive sublimate is poured into
solution of caustic potash, a yellow precipitate falls which
has the composition of red oxide of mercury, the reaction
being as follows :—
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HgCl, + 2KOH = HgO 4 2KCl 4+ H,O.

Mercuric Caustic Mercuric  Potassium  Waler.
chloride. potash. oxiue. chloride.

This compound is a very finely divided precipitate, but
otherwise is identical with the red oxide. It is distin-
guished. in the pharmacopeeia under the name “hydrar-
gyri ozidum flavum, or yellow oxide of mercury.”

Red (and yellow) oxide of mercury is poisonous, the
antidotes being, albumen, mucilaginous drinks, etc., as
with corrosive sublimate.

Mercuric Nitrate.—Formula, Hg(NO,),. Molecular
weight, 323.58.

Synonym.—Nitrate of mercury.

This salt is made by dissolving mercury in hot nitric
acid. It is of no particular interest to the pharmacist or
physician, as it is not used in medicine, if we may except
its problematical existence in citrine ointment. If it be
desired pure, mercury must be boiled in nitric acid until
a portion of the solution ceases to produce a precipitate
when dropped into solution of sodium chloride.  The
solution stains the skin a dark red. When strong nitric
acid is added to a concentrated solution of mercuric
nitrate, crystals (R. &8.) of the composition Hg,(NO;),-
+ 18,0, separate.

Moercuric Sulphate. — Formula, H3SO,. Molecular
weight, 295.62.
Synonym.—Sulphate of mercury.
This salt is made by heating mercury in sulphuric acid.
Experiment.—Heat one part of mercury in a porcelain
dish on a sand-bath, with one and one-half parts of sul-
phuric acid, stirring constantly with a porcelain spatula,
until the mercury disappears and a white powder remains.
It is necessary that this reaction be performed in the open
air or beneath a good flue, that the sulphur dioxide (sul-
phurous acid gas) evolved may escape, together with ex-
cess of sulphuric acid. The reaction is as follows :——
He, + 4H,S0, = 2HgSO, + 41‘320 -+ 280,.

Mercury. Sulphuric Mercuric ater. Sulphur
acid. sulphate. dioxide.
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Sulphate of mercury is a white powder, soluble in sul-
phuric acid. It turns yellow upon heating.  Sulphate of
mercury is seldom, if ever, used in medicine, but of late
years has come into demand with physicians, as it is em-
ployed with some galvanic batteries. When boiled with
water it decomposes, a yellow basic salt (oxysulphate) re-
maining, Hg,SOq. This is officinal in the pharmaco-
peeia as
Hydrargyri Sulphas Flava.

Synonyms.—Yellow sulphate of mercury. Turpeth
mineral. ,

It is made by boiling four parts of mercury with six
parts of sulphuric acid and then pouring the white pow-
der (sulphate of mercury) into boiling water, washing the
precipitate repeatedly with water, and drying it. Turpeth
mineral is but little used at the present day.

Mercuric Sulphide.—Formula, HgS. Molecular weight,
231.78.

Synonyms.— Hydrargyri sulphuretum rubram. Red
sulphuret of mercury. Red sulphide of mercury. Cinna-
bar. Vermillion.

Sulphide of mercury occurs native, often as distinet
crystals, and is then known under the name cinnabar. It
is made artificially, both by wet processes and by subli-
mation. To make it by sublimation, mercury is triturated
with flowers of sulphur in proper proportion, until a brown
powder results, then the mixture is sublimed. By the wet
process, the brown powder obtained by rubbing mercury
with sulphur is boiled with a solution of caustic potash
until the precipitate reaches the proper color, when it is
at once washed in cold water and dried. Manufacturers
use various proportions of sulphur and mercury. The
British Pharmacopeeia recognizes forty parts of mercury
and eight parts of snlphur, mercury being poured into the
melted sulphur.  Many different shades of vermillion are
made, and they depend in part upon the proportion of
free sulphur present. Sulphide of mereury dissolves in
concentrated hydriodic acid, sulphide of hydrogen being
liberated. It also dissolves in nitro-muriatic acid, with
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liberation of sulphur. If it sublimes perfectly the usual
adulterants are absent, for red lead and oxide of iron
will remain.  Some chemists admit the existence of —

Mercurous Sulphide, Hg,S, but exception istaken to
this by excellent authorities, who protest against the ex-
istence of such a compound, stating that the black sulphide
is simply an amorphous form of the red.t

Black sulphide of mercury is made by triturating to-
gether equal weights of sulphur and mercury, until the
globules of mercury disappear, and a black heavy powder
remains. This is knowu as Aithiops mineral and may
well be accepted as a mixture of sulphur and amorphous
mereuric sulphide.

Tests for mercury.—Place a strip of clean zine partly
covered with gold foil in a solution of any mercury salt.
The gold will become covered with a thiu white metallic
film. Heat the strip to redness, and the mercury is vol-
atilized.

Acidulate the solution of a salt of mercury with a little
hydrochloric acid and immerse in it a strip of bright cop-
per. Mercury will be deposited as a silver-like coating,
and upon heating the copper to redness the film will dis-
appear.

Sulphide of hydrogen forms precipitates with solutions
of any salt of mercury. This is insoluble in excess of the
precipitant and is black. It is insoluble in sulphide of
ammonium. To distinguish this from other black sul-
phides, boil the precipitate with dilute nitric acid and then
wash it well with water and dissolve it in the minimum
amount. of nitro-muriatic acid, and add a slight excess of
ammonia water, and then a slight excess of hydrochloric
acid. Examine this solution with the metallic copper test.

Merenrous salts form white precipitates with soluble
chlorides, and these turn black upon the addition of am-
monia. They precipitate black with caustic potash or
caustic soda.

1 - Mercurous sulphide does not exist, a mixture of metallic mercury
and mercuric sulphide being produced in enges in which its forma-
tion might have been expected.” (Roscoe & Schorlemmer.) /
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Mercuric salts precipitate yellow with caustic potash or
caustic soda. They yield scarlet precipitates if carefully
added to solution of potassium iodide, but this precipi-
tate dissolves in excess of either reagent.

/ SILVER (Argentum).
Symbol, Ag. Atomic weight, 107.66.

Silver occurs native, sometimes in large masses. It is
usually present in lead and copper ore in small propor-
tion. Usually native silver is contaminated with gold
and copper and other metals. The waters of the ocean
also contain silver. It is unnecessary for us to notice the
processes employed for the extraction of silver.

Silver (bullion) of commerce is never pure, always con-
taining traces of other metals. Silver is the best known
conductor of electricity. It is soft, pure white, tough and .
malleable, can be highly polished, and crystallizes in form
of the regular octohedron. When heated to whiteness
in the oxyhydrogen flame, silver volatilizes, boils, and
completely distills. Silver dissolves in uitric acid, but
not in hydrochloric acid. Silver tarnishes upon exposure
to the air, consequent upon the formation of sulphide of
silver. For this reason silver ware turns black in the
neighborhood of sulphur springs, as do the coins upon
the persons of those exposed to sulphide of hydrogen. The
specific gravity of the various forms of silver are given by
investigators as follows :—

Distilled Silver....ccccecevenrneen. eeeterereereeenrnenrenases 10.575
Fused Silver..... ...10.424 to 10.511
Pressed Silver..c.ccoereecrenerireriiinieriereneecesoeenens ...10.57

Silver is employed exteunsively in the arts for electro-
plating ete. Silver coin is an alloy containing various
proportions of copper, according to the country whence
it is issued. Metallic silver is not used in medicine, but
is employed for silvering surgical instruments and as a
fine wire or thread for surgeons use. Few of the salts of
silver are employed in medicine.
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Silver Cyanide.—Formula, AgCN. Molecular weight,
133.64.

Synonyms.— Argenti cyanidum. Cyanide of silver.

This salt is officinal in the U. S. P., but is never ad-
ministered internally as a remedy. It is made according
to the above authority by a circuitous process, hydrocyanic
acid being first prepared and this decomposed with nitrate
of silver. It may be made by dissolving a little nitrate
of silver in distilled water, and then adding dilute hydro-
cyanic acid to the solution until in excess A white curdy
precipitate at once forms which must be washed, collected
on a filter paper, and dried (all in the dark) by exposure
to the atmosphere. The reaction is as follows :—

AgNO, 4+ HCN = A<CN 4 HNO,.

Silver Hydrocyanic Silver Nitric
nitrate. acid. cyanide. acid.

Cyanide of silver is white, but turns brown by expo-
sure to light. It dissolves in ammonia water, but not in
dilute nitric acid. It forms soluble double salts with
cyanides of the alkali metals and with cyanides of the
alkaline earth metals. Hydrochloric acid decomposes it,
chloride of silver being formed and hydrocyanic acid
evolved, thus :—

AgCN 4 HCl = AgCl 4- HCN.

Silver Hydrochloric S8ilver Hy(lrot':ﬂanio
cyanide. acid. chloride. aci

If cyanide of silver be mixed with dilute sulphuric
acid, and strips of metallic zinc be placed in the mixture,
the zinc will dissolve, the cyanide of silver decompose, and
metallic silver will precipitate. This is generally consid-
ered pure silver when washed and dried, but it is almost -
an impossibility to separate the adhering substances by
this method. Stas has suggested the emplovment of
caustic potash and milk-sugar for the purpose of reducing
the silver from a very pure cyanide. Cyanide of silver
is only employed in a pharmaceutical sense for the extem-
poraneous preparation of dilute hydrocyanic acid.
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V/Silver Nitrate.—Formula, AgNO,. Molecular weight,
169.55. .

Synonyms.— Argenti nitras. Nitrate of silver.

This has been known from a very early day, and is used
extensively iu the arts, in photography, and in medicine.
Nitrate of silver may be easily made by dissolving pure
metallic silver in di'ute nitric acid, evaporating the so-
lution to crystallization, and afterward dissolving the
crystals in water and recrystailizing. According to the
U. S. P., two parts of silver are dissolved in two and one-
half parts of nitric acid previously mixed with one part
of water, heat being employed. The solution is then
evaporated to dryness, heat being applied until the mass
melts, when it is stirred until nitric acid vapors cease to
escape. It is then cooled, dissolved in water, the solu-
tion filtered, and the filtrate evaporated to dryness. The
object of the heat in the above case is to rid the salt of
copper.

Nitrate of silver crystallizes in transparent plates of
the rhombic system. The specific gravity is 4.328 and its
melting point 198° C. (388.4° F.) It is permanent in the
air when pure, unless organic matter is present, when it
blackens. The taste is acrid and metallic, and in large
doses itacts as a corrosive poison, destroying the mem-
branes with which it comes in contact. The crystals are
odorless, soluble in their weight of cold water,and are
more soluble in hot water. When ammonia water is added
to a solution of nitrate of silver, a precipitate first forms,
then, as the ammonia is increased, it redissolves. This
solution deposits crystals of the composition, AgNO;+
2NH,, upon evaporation. The foregoing ammoniated
solution of nitrate of silver is often used in connection
with a solution of pyrogallic acid, to color hair black.
Nitrate of silver is a strong poison, and the antidote
should be a soluble chlovide, sal-ammoniac, or common
salt, brine being usually convenient. The stomach pump,
or emetics should be also employed, and followed by
mucilaginous drinks.
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Silver Oxide. — Formula, Ag,0. Molccular weight,
231.28.

Synonyms.—Argenti oxidum. [Silver hemioxide.]

This is easily prepared by the simple process of the
U. S. P., as follows:—

“Take of nitrate of silver, four troy ounces; distilled
water half a pint; solution of potasse, a pint and a half,
or a sufficient quantity. Dissolve the nitrate of silver in
the water, and to the solation add solution of potasse as
long as it produces a precipitate. Wash this with ~water
until the washings are nearly tasteless. Lastly, dry the
precipitate, and keep it in a well stoppered bottle, pro-
tected from the light.” _

The above is explained by the following equation :—

2AgNO, + 2KOH = Ag,0 4+ 2KNO, + H,O.

8ilver Potassium Silver Potassium Water.
nitrate. hydrate. oxide. nitrate.

Oxide of silver is a brown or almost black powder. It
dissolves in 3000 parts of water, rendering the solution al-
kaline, reacts with acids to form salts, decomposes partly at
250° C., completely at 300° C., parting with all its oxygen,
pure silver remaining. It should never be made into
pills with essential oils, tannin, and like organic sub-
stances, nor rubbed with sulphur or the metallic sulphides
or phosphides; as with these or other easily oxidizable
substances combustion may ensue.  The substance
known as—

Fulminating silver, or ammonia-silver oxide, is made by
dissolving silver oxide in ammonia water. The actual
composition of this substance has never been ascertained, .
few caring to experiment even with very small amounts of
it. Fulminating silver is among the most dangerous of
explosive substances, a slight jar sufficing to decompose
it, the detonation being terrible from even a few grains.
It should never be made by the experimenter.

Silver tetrantoxide (argentous oxide),Ag, O,,is made from
silver citrate by heating it in a.current of hydrogen, and,

Silver perozide or dioxide, Ag,0,, produced by the
action of ozone on silver oxide(Ag,0), or when a galvanic
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current is passed through a solution of nitrate of silver.
Neitner is of intervest.

Many other salts of silver are known, few, if any, of
interest to the pharmacist. We may briefly mention the
following :—

Silver Bromide, AgBr, found native in Chili and Mex-
ico. This salt may be made by precipitating a solution
of nitrate of silver with a solution of hydrobromic acid
and drying the precipitate. The precipitate is white, but
darkens upon exposure to light, therefore it should be
prepared in darkness  Bromide of silver dissolves in hot
hydrobromie acid, concentrated ammonia, and solution of
nitrate of mercury. It melts by heat, turning red.

Silver Chloride, ApCl. This is the mmerul known un-
der the name horn-silver, occurring in many parts of the
world. It may be easily made by adding hydrochloric
acid to solution of nitrate of silver, the chlovide of silver
separating as a whitecurd. It must be dried in darkness,
for exposure to light turns it gray.

Chloride of silver is white, insoluble in water, but freely
soluble in ammonia water (forming a double salt, ammo-
mo-chloride of silver, 2AgCI+3NH,), and in solution
of chloride of ammonium, and in solution of chloride of
sodium.  When mixed with dilute hydrochloric or sul-
phuric acid, metals, such as iron or zine, if immersed,
will precipitate metallic silver upon_their surface. The
specific gravity of chloride of silver is 5.5.

Silver Iodide, AgI, occurs as a mineral in many locali-
ties, but may be made by direct combination of silver and
mdmo, or by dissolving metallic silver in hydriodic acid,
thus :—

9HI 4 2Ag = 2Agl + 2M.
Hydriodic acid. Silver.  Silver iodide. Hydrogen.

Todide of silver may best be made by double decompo-
sition between so'ution of iodide of potassinm and solu-
tion of nitrate of silver, the result being iodide of silver
(which precipitates 3ellow) and nitrate of potassium
thus :—

KI 4+ A¢NO, = Agl + KNO,

Pota-sium Silver Silver Potassi nm
iodide. nitrate. iodide. nitrate.
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Todide of silver, when dried, is a bright yellow powder,
of specific gravity 5.687 (precipitated). It contracts by
heating until the temperature of 70° C. (168° F.) is
reached, and expands again on cooling. It is not altered,
if pure, by light.  Ammonia dissolves it sparingly.

Silver Phosphate, Ag;PO,. This is the normal phos-
phate of silver, and is made by pouring a solution of
phosphate of sodium into a solution of nitrate of silver
until precipitation ceases. It is yellow, and insoluble in
water. This salt is of no importance.

Pyrophosphate of Silver, Ag,P,0,, is white, and may be
made by double decomposition between solutious of pyro-
phosphate of sodium and nitrate of silver.

Silver Sulphate, Ag,S0,. This calt may be made by
digesting carbonate of silver with diluté sulphuric acid,
but is most readily made by double decomposition be-
tween concentrated solution of nitrate of silver and of
sulphate of sodium, the precipitate being washed with
water and dried. The reaction is expressed by the fol-
lowing equation :—

Na,SO0, 4 2A¢NO; = Ag,S0, 4 2NaNO,.
Sodium su!phate. Silver unitrate. silversulpbate  Sodium nitrate,
Sulphate of silver is a white, odorless, crystalline pow-

der, soluble in 200 parts of cold water, and about 70 parts
of hot water. It dissolves freely in dilute sulphuric or
nitric acid. Light gradually chauges it to gray with de-
composition.

Silver Sulphide, Ag,S, may be made by passing sul-
phide of hydrogen into a solution of nitrate of silver. It
is black, insoluble in water, but soluble in hot nitrie 2eid.
The brown or yellowish stain on silver ware is usually
caused by the formation of this compound, and coins in
the pockets of workmen exposed to sulphide of hydrogen
often become black. Silver spoons blacken from the
sulphur of egegs. Tea will also blacken silver ware, the
result in this case being tannate of silver. Ammonia will
remove this latter stain.

The soluble salts of silver are poisonous, the antidote
being in all eases that recommended for nitrate of silver,
(see page 280.)
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V' Tests Jor Silver—To the solution of a salt of silver,
add hydrochloric acid until it ceases to produce a precip-
itate. Boil this precipitate with an excess of distilled
water (to dissolve lead chloride), and collect the insoluble
precipitate on a filter. Add this precipitate to ammonia
water. It will dissolve, if it be pure silver chloride. If
a gray mass remain (mercurous chloride) filter from it the
ammoniacal solution, and to the filtrate add, very care-
fully, nitric acid until the excess of ammonia is neutral-
ized ; there will then occur a white precipitate of silver
chloride. If the silver salt be insoluble, mix it with so-
dium carbonate and fuse before the blow-pipe flame, on a
charcoal support. A bead of silver results which can be
dissolved in nitric acid, and this solution examined as
before stated.

CERIUM GROUP OF METALS.

CERIUNM, LANTHANUM,
DIDYMIUM, TERBIUM,
ERBIUM, . YTTRIUM.

The elements of this group are rare, and excepting
cerium, of no value in the arts or medicine. It is very
troublesome to separate them from each other. They are
derived from minerals, mostly rare, obtained from Green-
land, Scandinavia, and Siberia. Brief reference shall be
made of each of the elements, but it is unnessary in this
work to consume space with the processes adapted by ex-
perimenters for their extraction, or to notice their salts.

CERIUM.
, Symbol Ce. Atomic weight, 141.2.

7/

v Cerium was discovered by Klaproth (1803) and simul-
taneously by Berzelius and Hisinger, the source being a
Swedish mineral.  Mosander obtained it by heating
chloride of cerium with sodium, and afterward Hille-
brand and Norton by electrolysis of the chioride. In



CERIUM. 285

color cerium resembles iron, it tarnishes in moist air,
passing thirough various shades of yellow, blue and green.
It is hard, malleable when warm,and may be drawn into
wire. It melts between the melting points of silver and
antimony. It burnsin theair like magnesium, but more
brilliantly, and when the metal is struck by flint the
particles separated scintillate beautifully. The specific
gravity of cerium is 6.628 before fusing, 6.728 after melt-
ing. Cerium forms two oxides :—

Cerium Sesquiozide (cerous oxide), Ce,O,, a bluish
green powder, and—

Cerium Diozide (ceric oxide), CeQ,, white or straw
colored. Neither is of interest. Cerium forms two
series of salts called cerous salts and ceric salls ; they cor-
respond with the oxides. The cerous salts are best under-
stood. Cerous oxalate is the only salt of this element
that is employed as a medicine.

,/ Oerium Oxalate.

Synonyms.—Oxalate of cerium. Cerii oxalas.

Oxalate of cerium is made by a tedious process from
the mineral cerite. For its production the powdered min-
eral is digested with hydrochloric acid. The solution is
evaporated to small bulk, treated with sulphide of hydro-
gen, diluted and filtered. Ammonia water is then added
in slight excess, the precipitate collected, washed with
water, dissolved by means of dilute hydrochloric acid, and
precipitated by solution of oxalic acid. This produces
crude oxalate of cerium, from which the impurities (lan-
thanum and didyminm) are separated by ecalcining it,
whereby sesquioxide of cerium is produced with the ox-
ides of the other metals. The powder is then digested with
solution of sal-ammoniae, which dissolves all but the
cerous oxide. This is then dissolved in dilute hydrochloric
acid, and oxalic acid solution added until in slight excess.
The precipitate of oxalate of cerium is then dried. Tt
will be observed that the object of the foregoing round-
about process is to obtain chloride of cerium, and that
from this the oxalate is in reality prepared by decomposi-
tion with oxalic acid.
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Oxalate of cerium is a white powder, soluble in sul-
phuric and hydrochloric acids. It decomposes when
heated in a current of hydrogen gas, cerous oxide (sesqui-
oxide) remaining. It is tasteless, but grits between the
teeth, seeming to make them adhere together when moved
upon each other. It should not effervesce when dropped
into dilute acids. The other salts of cerium do not re-
quire attention from us.

DIDYMIUM.
Symbol, Di (D). Atomic weight, 147.0.

This metal was prepared by Marignac in the manner in
which cerium was produced by Morlander, and afterward
was obtained by Hillebrand and Norton, from the fused
chlovide by electrolysis. Didymium resembles cerium in
appearance, but is darker, and inclined to a yellowish tint.
It burns in the air; has the specific gravity of 6.544;
forms an oxide of the composition, Di,O,, and gives rise
to a series of sweetish, rose colored salts, of no general
interest or importance.

ERBIUM.
Symbol, Er. Atomic weight, 169.0.

This element has never been isolated, but its oxide
(Er;0y), under the name erbia, is familiar to experimental
chemists. A series of rose colored salts are known ; they
react acid, and are astringent to the taste.

LANTHANUM.
Symbol, La (L). Atomic weight, 139.0.

Lanthanum was prepared by heating the ehloride of this
element with potassium (Mosander), and by clectrolysis
of the fused chloride (Hillebrand and Norton). It is an
iron-gray metal, tarnishes in the air, is malleable, and
burns when heated ina flame. It combines with both
chlorine gas and bromine vapor, evolving heat and light,
oxidizes in water and dissolves quickly in diluted sulphuric
and diluted hydrochloric acids, hydrogen gas being rapidly
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evolved. Tt is not affected by concentrated oil of vitriol.
The salts cf lanthanum are colorless and have never been
applied to any practical use.

YTTRIUM.
Symbol, Y. Atomic weight, 93.0

This metal (mixed with erbium) was obtained by
.3erzelius by fusing potassium with the chloride. It
yields an oxide, Y,0;, and a line of salts which are of
no value.

ALUMINIUM GROUP OF METALS.
ALUMINIUM. GALLIUM. INDIUM.

These elements form sulphates, and these sulphates
unite with sulphates of the alkali metals to produce
double salts, which erystallize in regnlar octohedrons.
Aluminium salts are of value in medicine and the arts,
but the salts of gallinm and indium are of no importance.

V4 ALUMINIUM.
Symbol, Al. Atomic weight, 27.3.

Alum has been known from an early period, but until
1827 the element which entered into its composition was
unknown ; then Weehler prepared it by fusing chloride of
aluminium with potassium. In combination, it is among
the most abundant of elements, being found in almost all
rocks and soils, and composing the bulk of many minerals
or even mountains. Clays are disintegrated felspars, col-
ored with metallic oxides. Strange as it may seem, the
higher orders of plants do not contain even traces of any
compounds of aluminium, but certain cryptogamic plants
yield it in abundance. Aluminium is now made in con-
siderable amounts by mixing together alumina, chloride
of sodium, and coal dust; heating the mixture in up-
right furnaces and passing into it chlorine gas.  Double
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chloride of aluminium and sodium distil, and after con-
densation is mixed with ervolite (aluminium and sodium
fluoride) and sodium, and the mixture is fused, when
aluminium more or less impure separates in the molten
state. Aluminium is white and may be polished. When
pure it does not oxidize in the air, it conducts electricity
better than iron, fuses at about 700° C. and dissolves in
solutions of the caustic alkalies, hydrogen escaping. It
dissolves freely in hydrochloric acid, slightly in dilute sul-
phuric, and readily in solutions of the cyanic acids mixed
with solution of salt. Aluminium forms an alloy with
copper which can scarcely be distinguished from gold,
and which is used in making philosophical apparatus and
jewelry. Aluminium is very light, having the specific
gravity of but 2.67, and for this reason is used for making
small weights. The common salt of aluminium is—.

\/ Alum. (Ammonium alum).—Formula. (NH,),Al,450,.-
24H,0. Molecular weight, 904 94.

Synonyms. — Aluminium and ammonium sulphate.
Aluminii et ammonii sulphas. Sulphate of aluminium
and ammonium. Ammonia-alum. Alam. Alumen.

Ammonia alum is now officinal in the U. S. Pharm.
and is made in practice by digesting clay with sulphuric
acid, lixivating the mass with water, filtering, and adding
sulphate of ammoniumt to the filtrate when crystals of
ammonia-alam form. The properties of this are almost
identical with those of potash-alum, but when it is tritu-
rated with a caustic alkali the odor of ammonia is evolved,
and when it is heated to redness alumina remains, with
escape of ammonia. Both this, and potash alum, are
usually contaminated with iron, which strikes a blue color
with ferrocyanide of potassium, but the impurity is gen-
erally unimportant. Ammonia-alum dissolves in about
eight parts of water at 20° C (68° F.) and rather less
than one-fourth part of water, at the boiling point of water.

t Sulphate of ammonium is now abundantly produced as a side
product of gas manufacture, which accounts for the cheapness of the
ammonia-alam.
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.

Aluminium and Potassium Sulphate. (Potash alum.)
Formula, K,Al1,480,.24H,0. “Molecular weight, 947.

Synonyms.—Aluminii et potassii sulphas. Potassa
alum. Sulphate of aluminium and potassium. Alum.
Alumen.

Potash alum was officinal in the Pharmacopeia of the
United States, 1860, but the alum employed in medicine
and the alum of commerce at this day, is the ammonium
alum, now officinal. The composition of potash alum is
represented at the beginning of this article, but some
chemists prefer to express it, Al,(80,) ;-4 K,80,+ 24H,0.
Potash alum is made from alum-stone (the mineral alu-
nite), and others of like nature, and from clay, by the
action of sulphuric acid, which forms sulphate of alumi-
nium. This is dissolved in water, and subsequently
mixed with sulphate of potassium, which produces the
double salt. For many years ammonia-alum was also
principally used in Europe, but the potash beds of Stassfurt
supply chloride of potassium so abundantly that potash-
alum has superseded ammonia-alum, even in England.
Potash-alum crystallizes in transparent regular octohe-
drons. It is astringent to the taste, insoluble in alcohol,
but is very soluble in boiling water (one part of water
dissolving about three and one-half parts of alum). One
part of cold water dissolves rather more than one-fourth
partof alum. Theecrystals absorh ammonia and turn white
on the surfaice when exposed to the air, melt at 92° C.
(197.6° F.), and at above 100° C (212° F.) part with all
their water of crystallization, “burnt alum ” remaining.
When it is heated to redness the odor of ammonia is not
apparent, and the residuum consists of a mixture of sul-
phates of aluminium and potassium. Potash-alum does
not evolve the odor of ammonia when it is triturated with
caustic potash. When an alkali is slowly added to solu-
tion of alum the precipitate thrown down redissolves to a
certain point ; when the precipitate ceases to redissolve, if
the addition of alkali be suspended it will be found that
the solution is neutral. This is used in the arts for dye-
ing, under the name neutral alum.

25
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Dried Alum.

Synonyms.—Alumen exsiccatum. Burnt alum.

“ Take of alum, in coarse powder, four troy ounces,
place it in a suitable vessel, and subject it to a tempera-
ture not exceeding 400°, until the residue weighs two troy
- ounces and one hundred and twenty grains; then, when
cold, reduce it to a fine powder.”—U. 8. P.

By this process the largest part of the water of erystal-
lization is expelled. Burnt alum is a white, porous, light
substance, very astringent, and is considerably employed
in medicine. When burnt alum is mixed with bicarbo-
nate of sodium, and the mixture is moistened, carbon
dioxide escapes and sulphates of both sodium and alumi-
nium are formed. Advantage is taken by some of this fact
to prepare cheap baking-powder. The use of this, how-
ever, should be discountenanced, inasmuch as so much
aluminium sulphate is objectionable in food.

Aluminium Sulphate.—Formula, A1,(S0,), Molecular
weight, 342.06.  Crystallized — Al,(S0,),.18H,0.
Molecular weight, 665.34.

Synonyms.— Aluminii sulphas. Sulphate of aluminium.
Concentrated alum.

This preparation is officinal in the pharmacopeeia and
is prepared by mixing solutions of equal weights of alum
and carbonate of sodium, washing the precipitate well
with water and then dissolving it by means of sulphuric
acid and evaporating this solution to crystallization. The
process is explained as follows; alum, and sodium carbo-
nate when mixed yield hydroxide of aluminium, thus:—

AIZ(NE,)Z(SO,)4 + 3Na,CO, + 3H,0 =
um.

Sodium carbonate.  Water.

Al,(OH), 4 3Na,80, + (NH,),80, 4 3CO,.
Alumininm Sodium Ammonium Carbon
hydroxide. sulphate. sulphate. dioxide.

The sulphatesof sodium and ammonium are washed
from the precipitated aluminium hydroxide, which is then
dissolved by means of sulphuric acid, forming sulphate
of aluminium in the following manner :—
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AlL,(OH), + 3H,80, = Al,(S0,), - 6H,0.

Aluminium Sulpburic Aluminiumn Water.
hydroxide. acid. sulphate.

Sulphate of aluminium is a white powder, soluble in its
weight of water and of a peculiar acidulous, astringent,
not unpleasant taste. The solution precipitates with a
small amount of caustic potash, but this precipitate re-
dissolves in an excess of that article. It melts when
heated in its water of crystallization.

Aluminium Hydroxide, or hydrate of aluminium,
Al;(OH), is of interest, since it may be employed to
prepare other salts of aluminium in the manner given for
making sulphate of aluminium. Thus, if the gelatinous
precipitate, Al,(OH),+2H,O0, be dissolved in cold acetic
acid,

Acetate of Aluminium results, as explained by the
following equation :— .
Al,(OH), 4 6HC,H,0, = Al,6C,H,0, + 6H,0.
Aluminiwin hydroxide. Acetic acid. Aluminium acetate. Water.
Acetate of aluminium is also made (impure) by double de-
composition of acetate of lead and alum. It’is used as a
mordant in dyeing cloth.

Chloride of Aluminium, Al,Cl, results when hy-
droxide of aluminium is dissolved in dilute hydrochlorio
- acid, the reaction being explained as follows :—
Al(OH), + 6HCI = Al,0l, 4+ 6H,O0.

Aluminium  Hydrochloric Aluminium Water.
hydroxide. acid. chloride.

This salt is hygroscopic and has the composition, when
crystallized, of Al,Cl;.12H,0. In an impure form it is
used in solution as a disinfectant and deodorizer. There
are many other compounds of aluminium which are em-
ployed in the arts, chiefly as mordants, but none are of
interest to the physician,

GALLIUM.
Symbol, Ga. Atomic weight, 69.8.

This metal is a late discovery, having been noticed for
the first time by L. de Boisbaudran, in the year 1875.
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He detected it by means of spectrum analysis, and its
separation was effected by means of electrolysis of the
alkaline solution.

Metallic gallium has a bluish-white color, is tough, ox-
idizes upon exposure to the air, and has the specific grav-
ity of 5.9. It does not volatilize at redness. Gallium
melts at 30.1° C. (about 86° F.), and the molten metal
refuses to harden even when reduced to 0° C. (32° F.)
unless it be touched with a piece of solid gallium, when it
immediately solidifies. Gallium forms an oxide, Ga,O,.

A few of its salts have been studied, but as yet the com-
pounds of the element are little known, and of no use.

INDIUM.
Symbol, In. Atomic weight, 113.4.

This metal was discovered in 1863 by Reich and Richter.
It was detected by spectrum analysis, the origin being
certain zinc-blendes. The method of production is tedious
and unnecessary for us to notice. Indinm is white, mal-
leable, softer than lead, and of the specific gravity 7.42.
It melts at 176° C. (348.8° F.), does not oxidize in the
air, and forms an oxide, In,O,, and a hydroxide, In,-
(OH)4. There is a series of indium salts, but they are
of interest neither in the arts nor medicine.

THE METALS OF THE IRON GROUP.

COBALT. MANGANESE.
IRON. NICKEL.

Three of the group are employed in medicine, cobalt

being the exception.
COBALT.
Symbol, Co. Atomic weight, 58.6.

Cobalt is not found pure. The ores of cobalt have been
employed for a considerable period to color glass blue. In
1735 Brandt identified the element, and Bergman and
others afterward supported his discovery.
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The ores of cobalt are found in a limited number of
places and are very impure, containing large quantities of
arsenic, iron, nickel, and other elements. The chief ore,
an impure arsenide of cobalt, is sold in commerce under
the name, cobalt or fly-stone, for:the purpose of poisoning
flies. Metallic cobalt is of no importance. It resembles
polished iron ; has a specific gravity of from 8.5 to 8.7; is
tough and malleable, and harder than iron.

Cobalt forms two oxides—

Cobalt monoxide.......... cerreteeeee senneraeienens CoO.
Cobalt scsquioxide.......... RN «..C0,0,.

Neither is employed in medicine. The former (cobalt
monoxide) gives rise to a series of salts known as cobalt-
ous salts. The latter (cobalt sesquioxide) forms cobaltic
salts. 'The ordinary salts of cobalt are of the first series,
and as such we may name chloride of cobalt, CoCl,, nitrate
of cobalt, Co(NO;),.6H,O, ete. Cobalt salts are employed
in preparing the so-called sympathetic inks, for when free
from moisture they are usunally of a blue color, but turn
pink when moist. When chloride of cobalt is made into
dilute solution the writing is invisible until warmed, when
it becomes blue, the color disappearing when the paper is
cooled.

Cobalt forms a number of ammoniacal compounds
known as cobaltamine salts, which are all characterized by
peculiar colors, red, blue, green, pink, and intermediate
shades. Cobalt unites with sulphur, with phosphorus and
with arsenic to form their respective compounds.

IRON. (Ferrum.)
Symbol, Fe. Atomic weight, 55.9.

This element is seldom found in the metallic form, but
its ores are very extensively distributed and in great
abundunce. It is almost always present in meteoric
stones.  Plants contain, and seem to demand it, and ani-
mals find a small portion of iron necessary to existence ;
the red coloring matter of blood contains one-fourth of
one per cent.
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Iron of commerce is usually very impure, and contains,
notably, carbon in greater or less proportion. Pure iron
is produced by electrolysis; by reduction of ferrous chlo-
ride in hydrogen gas, and by other processes which are
tedious and unnecessary to name.

Pure iron is almost silver-white, and is easily polished.
It has the specific gravity 7.84, and is very tenacious. It
softens at redness, and at a white heat can be melted. Tt
volatilizes in a vacuum under the influence of a strong
electrical discharge, and this is, to an extent, the case
when it is burned in oxygen gas. Iron isattracted by
the magnet,and in turn may be made magnetic. Neither
dry oxygen, air, nor pure water free from air, affects it ;
but moist air, or water containing air, soon covers it with
a coating of rust (ferric hydroxide). Iron burns in oxy-
gen gas when heated, also in vapor of sulphur, and com-
bines at high temperatures with carbon. All commercial
iron contains carbon. Cast-iron contains the largest
amount, wrought-iron the smallest, and steel proportions
between these extremes. Iron precipitates copper from
golution, dissolves in many dilute acids, and forms two
basic oxides which in turn unite to produce the well
known magnetic oxide of iron (ferroso-ferric oxide). The
salts of iron are very numerous, and in medicine are, un-
doubtedly, employed in larger amount than the salts of
any other metal, and in addition are invaluable in the arts
and manufactories. A form of metallic iron in very finely
divided state is used in medicine and known as—

Reduced Iron.

Synonyms.—Ferrum redactum. Iron reduced by hy-
drogen. Iron by hydrogen. Quevenne’s iron.

This is made according to the U. S. P. essentially as
follows :—

Officinal sub-carbonate of iron is thoroughly washed
with water and then heated until it is free from moisture.
This is then placed in thin layer on a tray and.the tray
is placed in an iron cylinder. Hydrogen gas is then
made, purified, and passed into the cylinder, and this is
then heated, by means of a charcoal furnace, to dull red-
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ness, and the flow of hydrogen gas continued until the
iron is completely rednced.

The foregoing is explained from the fact that the heated
hydrogen deprives the ferric oxide (such in reality being
the contents of the tube) of its oxygen, forming water
which escapes, the iron being left as a fine powder,thus :—

Fe, 0, + H; = Fe, + 3H,0.
Ferric oxide. Hydrogen. Iron. Water,

Tron by hydrogen is “a very fine gray powder without
gloss; when heated in the air it burns to ferric oxide. It
is completely soluble in warm, diluted hydrochloric acid,
with the evolution of hydrogen, which is indifferent to
lead paper. When treated for half an hour, at the ordi-
nary temperature and with occasional agitation, with
twenty-five times its weiglit of solution of ferric chloride,
specitic gravity 1.30, it is completely dissolved.” (Schacht.)

According to the U. S. P., it should be readily ignited
with a lighted taper. Iron by hydrogen usually contains
magnetic oxide of iron (Fe;O,), which imparts a black
color to the powder, and both the German and the British
Pharmacopeeias permit the presence of fifty per cent. of
this article.

Iron forms two classes of salts which are known re-
spectively as ferric salts and ferrous salts. The ferric
salts contain the least proportion of iron, thus:—Fe,Cl,
is ferric chloride, while FeCl, is ferrous chloride. By
comparing the foregoing it will be seen that ferric chlo-
ride contains two atoms of iron united with six atoms of
chlorine, while the ferrous chloride contains one atom of
iron in combination with two atoms of chlorine. When
iron is simply acted upon by dilute acids ferrous salts are
usually produced. From this reason we shall first con-
gider these lower salts of iron, as the ferrous class is often
designated.

Iron wire is generally directed as the form to be used
in pharmaceutical and chemical operations.; but iron
turnings from the iron foundry may be used instead.
In such cases care must be taken that brass or copper is
not present, and it is always necessary to wash the turn-
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ings well in alkali water, to purify them from the grease
which is employed in drilling. Wrought-iron is prefer-
able to either cast-iron or steel.

FERROUS SALTS.

Ferrous Arseniate.—Foruula, F¢;2As0,. Molccular
weight, 445.18.

Synonyms.—Ferri arsenias.  Arseniate of iron.

This compound is but little employed in this country,
however, it is officinal in the British Pharmacopceia.

It is made by dissolving three parts of acetate of sodium
and four parts of dried arseniate of sodium in thirty-two
parts of boiling distilled water, and mixing this solution
with a hot solution of nine parts of ferrous sulphate in
forty-eight parts of distilled water, and drying the precip-
itate after having washed it well.

When the solutions are mixed a white precipitate is
%roduced of the composition expressed by our formula,

e32As0,. This is not permanent, however, and as it
dries, absorbs oxygen from the air, passes through various .
shades of green and blue, finally becoming of a blue-green,
very nearly resembling the dry precipitated phosphate of
iron. It now has the composition according to Maisch,
2Fe, A8208.4F6ASO4 Fe,0,.32H,0., and is a ferroso-ferric
arseniate. Arseniate of iron dissolves in many dilute
acids. It is tasteless and odorless, and the solution in
acids yields blue precipitates with both the red and the
{ellow prussiate of potash. It may be mistaken for the

lue phosphate of iron, which it nearly resembles. In
case it is necessary to apply a test, boil a small portion
of the powder with an excess of caustic soda solution,
filter, neutralize the filtrate exactly with nitric acid, and
then add solution of nitrate of silver. If arsenic is pres-
ent a brick-red precipitate will be produced. This salt is
poisonous and cases of poisoning should be treated accord-
ing to the directions we have given under arsenious acid.
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Ferrous Bromide.—Formula, FeBr,. Molecular weight,
215.4.

Synonyms.—Bromide of iron. Ferri bromidum.

This may be made by direct combination between bro-
mine and iron, or by dissolving metallic iron or red oxide
of iron in hydrobromic acid. The following from the
supplement to the American Dispensatory is practical.

“Into a chemical flask introduce two fluid ounces of
distilled water and one troy ounce of clean coarse iron
turnings, or iron wire, and surround the flask with ice and
water ; now add half an ounce (troy) of bromine, and
agitate occasionally, until the solution has almost lost its
red color; to the solution, when cold, again add a like
amount of bromine, and, when the reaction is finished,
add another half ounce (troy) of bromine, and so continue
successively until a total of two troy ounces of bromine
has been used ; after each addition, permit the reaction to
cease, and the liquid to cool. Now warm the flask, and
when the solution has acquired a greenish color, filter;
wash the excess of iron and the liberated carbon [the car-
bon is from the iron] with a little distilled water, and
filter into the former solution. Transfer this solution at
once into a clean iron dish, placed upon a sand bath, and
quickly evaporate, until a portion, removed upon a glass
rod, will solidify upon cooling; then remove the dry salt,
immediately, into well-stoppered bottles.”—K. & L.

Ferrous bromide is occasionally used in medicine. It
is made in large quantities for preparing bromide of po-
tassium.

Ferrous Carbonate. — Formula, FeCO,. Molecular
weight, 115.75.

This salt mixed with isomorphous carbonates of mag-
nesium, calcinm and manganese, occurs native as the
spathose iron ore. It may be made by pouring a boiling
solution of ferrous sulphate into a boiling solution of
sodium carbonate, a white precipitate of FeCOj; resulting.
This rapidly absorbs oxygen, passes throngh shades of
green and blue, and finally upon drying by exposure to
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the atmosphere it changes to brick red or a yellowish-red
and is then ferric ozy-hydrate. 'This change may be partly
prevented by washing the precipitate quickly with hot
distilled water, squeezing and enclosing it at once in a
bladder and then drying it by exposure to the atmosphere.
The green powder will etfervesce with acids, carbon dioxide
being liberated. It must be immediately enclosed in glass
stoppered vials. This change of the carbonate into ferric
oxy-hydrate is prevented, according to the pharmacopeeia,
by means of sugar and honey. When this mixture is re-
duced to pill mass consistence it is recognized by the

U.S. P. as—

Pilu'a Ferri Carbonatis, or pill of carbonate of iron.
This is the well-known Vallet’s pill mass. Vallet’s mass
should be of a greenish-gray color and of a stiff pillular
consistence. It should not be black throughout, but the
surface is of this color. It dissolves with effervescence
in dilute acids, carbon dioxide being evolved. If this
mass be quickly dried in a warm-air closet it produces the
Ferri Carbonas Sacharata B. P. similar to the foregoing.
Usually, however, it is of a yellowish color. The so-
called sub-carbonate of iron of the U. S. P., made by
drying ferrous carbonate, is a ferric oxy-hydrate, Fe,O,-
Fe,(OH);. It is of a yellowish-red color and is em-
ployed extensively in medicine under the aforesaid name
isub-carbonate of iron), or is known as precipitated car-

onale of iron. Both terms, however, are misnomers.
Immense quantities of this article are now produced in
the arts as incidental products. Often it is dried at high
temperatures, is of a brick-red color, and has the compo-
sition Fe,0;.H,0. This dissolves with more difficulty
and should not be used in medicine.t

Ferrous Chloride.—Formula, FeCl,. Molecular weight,
126.64.
This is easily prepared by the following—
Ezperiment.—Digest in a porcelain dish one part of iron
turnings with four parts of hydrochlorie acid, previously

T See ferric hydroxide.
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diluted with two parts of distilled water; warm the
mixture, then filter it and evaporate carefully until the
bulk is reduced to the measure of that of three parts of
the acid employed ; then add a little hydrochloric acid
and place the vessel in a cool situation to crystallize.
These crystals are of a bluish color, resemble ferrous
sulphate in appearance, and deliquesce in moist air, be-
coming first green and then yellow. They have the com-
position FeCl,4H,0, are not used in medicine, but the
solution of ferrous chloride is made in quantities as the
first step in preparing ferric chloride.

Ferrous Iodide.—Formula, Fel,. Molecular weight,
308.96.

Synonyms.—Ferri iodidum. Todide of iron.

Iodide of iron is made by mixing, in a porcelain dish,
‘two parts of iron turnings, sixteen parts of water, and
one part of iodine, and allowing the mixture to remain
in a cool place until the iodine dissolves. The dish is now
to be gently warmed, and when the solution is colorless
it is to be quickly filtered, then evaporated rapidly in a
clean iron vessel until a small portion removed upon an
iron wire will solidify. Now cool the dish and contents,
heat the dish quickly, and when the iodide of iron next
to the dish melts, slide the entire mass from the dish.
Break it into pieces and preserve it in glass stoppered
vials. Todide of iron is a steel-gray, semi-crystalline mass
and a fresh fracture presents a metallic lustre. It melts
at 177° C. (350° F.) and oxidizes upon exposure to the
air, iodine being liberated. Todide of iron is occasionally
employed in medicine for making pills, but the favorite
mode of administration is in connection with solution of
sugar which acts as a preservative, and is the pharmaceu-
tical known as-—

Syrupus FerriIodidi, (Syrup of iodide of iron),
This is made (U. S. P.) by forming a solution of iodide
of iron from two troy ounces of iodine according to the

preceding process, excepting that a smaller proportion
of water is used. The solution is filtered into a sufficient
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amount of simple syrup to produce twenty fluid ounces.
Syrup of iodide of iron is of a pale green color. It
changes to yellow, red, or brown by age. Exposure
to sunlight will decolorize it if not too red. The change
may be to some extent prevented by adding to it a small
amount of hypophosphorous acid.

Ferrous Lactate.—Formula, Fe2C,H;0,.3H,0. Mole-
cular weight, 287.36.

Synonyms.—Ferri lactas. Lactate of iron.

Lactate of iron is made by direct combination between
dilute lactic acid and iron. For this purpose the acid is
diluted with sixteen times its weight of water, and then
digested with iron turnings or iron wire in a warm situa-
tion until the reaction ceases, when the solution is filtered.
The filtrate is evaporated until a pellicle forms, and then
is placed in a cool situation to crystallize. The reaction
is explained as follows :—

4HC,H,0,. + Fe, = 2Fe2C,H,0, +2H,.
Lactic acid. Iron. Ferrous lactate.  Hydrogen.

Lactate of iron is a granular crystalline mass or crust.
The taste is sweetish and ferruginous. It dissolves in
twelve parts of water at 212° F. If moist it decomposes
upon exposure to the air, absorbs oxygen and turns red,
passing into ferric lactate.

Ferrous Oxalate.—Formula, FeC,0,H,0. Molecular
weigit, 16] 64.

Synonyms.—Ferri oxalas. Oxalate of iron.

This is made by simply displacing the sulphuric acid
radical of ferrous sulphate with the radical of oxalic acid.
Essentially the process of the U. S. P. is as follows :—

Dissolve two troy ounces of ferrous sulphate in thirty
fluid ounces of water, and mix this with a solution of
four hundred and thirty-six grains (436) of oxalic acid
in fifteen fluid ounces of water. Wash the precipitate
well with distilled water, and dry it in the air. This is
a beautiful and simple experiment. Oxalate of iron is
almost insoluble in water, therefore, this acid readily dis-
places the sulphuric acid from ferrous sulphate, the reac-
tion being expressed as follows :—

o
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FeSO,.7H,0 4+ H,C,0,2H,0 =

Ferrous sulphate (crystallized) Oxalic acid.
Fomts Osatte Toumbumdond Weber

‘When the solutions are mixed a dense, lemon-yellow
precipitate results. This must be washed until the free
sulphuric acid is removed. When dry, oxalate of iron is
a light, lemon-yellow crystalline powder, feeling like
lycopodium when rubbed between the fingers. It is taste-
less, and when calcined yields ferric oxide. With boiling
solution of caustic potash, monoxide of iron (ferrous
oxide) results.

Ferrous Phosphate —Formula, Fe,(PO,),. Molecu-
lar weight, 357.3.

Synonyms.—Ferri Phosphas. Phosphate of iron. Blue
phosphate of iron.

Phosphate of iron is made according to the U. S. P. by
mixing a. solution of six troy ounces of phosphate of
sodium in four pints of water, with a solution of five troy
ounces of sulphate of iron in four pints of water; the
precipitate is to be well washed with hot water and after-
ward dried. When the solutions are mixed, phosphate
of iron forms as a white precipitate, of the composition
Fe,(PO,);. The exposure during the drying process is
accompanied by absorption of oxygen and the precipitate
changes to blue. The composition may then be expressed
(Stiile & Maisch), Fe;2P0,.FePO,.12H,0. Vivianite is
a mineral which contains phosphate of iron, Fe;(PO,),4
8H,0. Phosphate of iron has a greenish blue color, is
tasteless and without odor. Tt should not dissolve in
water, nor should water yield an insoluble residue after
digestion with it and subsequent evaporation. Phosphate
of iron dissolves readily in dilute hydrochloric acid, the
solution is yellow, and with both the red and the yecllow
prussiate of potash will yield blue precipitates.

/ Ferrous Sulphate.—Formula, F¢SO,.7H,0, Molecular
y) L"_N_weight, 277 44.
A Synonyms.—Ferri sulphas. Sulphate of iron. Sul-
}) ' ¢ phate of protoxide of iron. Green vitriol. Protosulphate
of iron. Copperas.
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Experiment.—Digest iron turnings in dilute sulphuric
acid, until the acid is saturated. Filter this solution, add
a little sulphuric acid to the filtrate and then evaporate
it to crystallization, and place it in a cool situation that
crystals may form.

When iron is digested with dilute sulphuric acid, the
hydrogen of the acid is displaced and ferrous sulphate
produced, thus :—

ot ek Terons sutpiuid msasdien,

Some contend that the reaction is not nearly so simple.
Sulphate of iron is produced impure in large amounts,
and sold as green vitriol. In this case it is derived from
iron pyrites, or made by dissolving scrap iron in commer-
cial dilute sulphuric acid. In either instance it contains
sulphates of zine, copper, or other metals. Sulphate of
iron forms monoclinic crystals, of a bluish-green color.
When made in neutral solutions these quickly oxidize
and turn yellow, but the addition of an excess of sulphu-
ric acid to the solution before crystallization renders them
more stable. They effloresce in dry air, and when heated
in a vacuum produce a white powder, water escaping, the
residue being monohydrated ferrous sulphate,FeSO,.H, 0.
If the heat be continued, anhydrous ferrous sulphate
FeSO,, remains. Ferrous sulphate is insoluble in anhy-
drous alcohol and in ether, but dissolves in twice its
weight of cold water, and in less than half its weight of
water at 212° F. When ferrous sulphate is heated to
300° F. it fuses in its water of crystallization, and gives
off six molecules of water, a white powder remaining.
This is the—

Ferri Sulphas Exsiccata, or dried sulphate of iron
of the pharmacopeeia, usually contaminated with a little
ferric oxysulphate, but this is of minor importance.

Ferrous sulphate forms with sulphates of the alkali
metals double salts or alums. One of these—

Ammonium Ferrous Sulphate, FeSO,(NH,) .80, .-
6H,0, is used in photography and in certain analytical
operations. Sometimes it is improperly called ammonio-
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Jerric alum. To prepare it dissolve a mixture of two
parts of ferrous sulphate and one part of ammonium sul-
phate in its weight of hot water, and permit the solution
to crystallize, evaporating it if necessary. Ammonium
ferrous sulphate is in the form of clear green or bluish-
green crystals. They change slightly in the air and have
a s(s)eciﬁc gravity of 1.813. This salt is not employed in
n;e icine and should not be confused with ammonio-ferric
alum,

Ferrous Sulphide. —Formula, FeS. Molecular weight,
87.88.

Synonyms.—Sulphide of iron. Sulphuret of iron. Ferri
sulphuretum.

This compound is made by rubbing a roll of brimstone
against a bar of iron at a white heat, or by heating in
a crucible alternate layers of iron turnings and flowers
of sulphur. It usually contains an excess of iron, but as
the compound is simply employed for making hydrogen
sulphide the frec iron is of no disadvantage.

Pure sulphide of iron is a yellowish, crystalline mass,
but that of commerce has usually a steel color. When it
is placed in dilute sulphuric or hydrochloric acid, ferrous
sulphate or ferrous chloride is respectively formed and
hx((lil'ogen sulphide is liberated. Thus with sulphuric
acid :—

FeS + H,80, = FeSO, 4 H,S.

Ferrous Sulphuric Ferrous  Hydrogen
sulphide. acid. sulphate. sulphide.

Ferrous sulphide should be kept in a close vessel as it
oxidizes upon exposure to the air.

FERRIC SALTS.

These salts differ from the ferrous salts, inasmuch as
they contain a less proportion of iron. Ferric salts pre-
cipitate blue with ferrocyanide of potassium, but not with
ferridevanide of potassium, although in the latter case
the solution changes in color to olive green.
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Ferric Acetate.—Formula, Fe,6C,H,0,. Molecular
weight, 464.96.

Synonym.— Acetate of iron.

This preparation can not be prepared dry, and is liable
to decomposition in the form of solution. Itisa favorite
ferruginous preparation with many physicians, and a so-
lution of it is officinal in the British Pharmacopeeia as
tinctura ferri acetatis. 'This is made by mixing two and
one-half fluid ounces of solution of persulphate of iron
(B. P.) with eight fluid ounces of alcohol, and adding this
to a solution of two troy ounces of acetate of potassium
in ten fluid ounces of alcohol, and after an hour filtering.
Double decomposition ensues, sulphate of potassium is
formed and solution of acetate of iron. The sulphate of
potassium separates, as it is insoluble in alcohol.

According to the original process tincture of acetate of
iron was made from ferrous sulphate and crystallized ace-
tate of lead, double decomposition resulted, the product
being sulphate of lead and ferrous acetate. Tincture
of either ferric or ferrous acetate is of a red color, and has
an inky taste.

V) Fergi%%%ﬂoride. Formula, Fe,Cl;, Molecular weight,

«  Synonyms.—Ferri chloridum. Sesquichloride of iron.
\ Chloride of iron. Perchloride of iron.

Y Ferric chloride is made according to the pharmacopeia

.\ as follows:—dissolve two troy ounces of iron wire in

: eight troy ounces of hydrochloric acid, then filter. To

N the filtrate add four troy ounces of hydrochloric acid, and

¥\ having heated it to near the boiling point in a porcelain

' capsule, gradually add nitric acid until red fumes cease to

;—' 2\ follow, and the solation diluted with water will not give

v )\, @ blue precipitate with ferridcyanide of potassium. The

\ A\ solution is now to be evaporated upon a sand-bath until

. it weighs eight troy ounces and three hundred and sixty

» grains, when it is to be placed aside until it forms a crys-

N

7
N talline mass.
~ When ferrous chloride in solution is mixed with nitric

and hydrochloric acids and the mixture is heated, chlo-

73N> Htuéw p(,u,é- V/’/
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rine is evolved from the mixed acids and combines with
the ferrous chloride. Nitric oxide is also liberated and
escapes, thus:— .

6FcCl, + 6HCI + 2HNO, = 3Fe,Cl, 4+ 2NO 4 411,0,

Ferrous  Hydrochloric  Nitric Ferric chloride. Nitric oxide. Water.
chloride. acid. acid.

Ferric chloride may be made by heating iron wire in
chlorine gas, or by passing chlorine gas in excess, into a
solution of ferrous chloride, and subsequently evaporating
the solution and crystallizing. Ferric chloride is an
orange-yellow, or red mass, presenting a crystalline frac-
ture.. It dissolves freely in alcohol, water, and ether. It
absorbs moisture from the air and deliquesces. Ferric

chloride in solution should not yield a blue precipitate
with ferrideyanide of potassium. The officinal—

Liquor Ferri Chloridi, or solution of chloride of iron,
is a solution of ferric chloride of specific gravity 1.355.
Three troy ounces of iron are employed in preparing six-
teen fluid ounces of this solution and the precipitate ob-
tained from two fluid drachms of the solution, with ex-
cess of ammonia, when washed, dried, and ignited, will
weigh 28.25 grains. This preparation is often sold on
the market under the name, “ concentrated tincture of
iron,” a term derived from the fact that it is mixed with
three parts of alcohol to make the officinal tincture of
chloride of iron, or muriated tincture of iron.

Ferric Citrate. — Formula, Fe,2C;H,0,. Molecular
weight, 488.88. ~

Synonyms. —[Insoluble citrate of iron.] Ferri citras,
Citrate of iron.

This is made according to the Pharmacopeia by evap-
oration of the officinal solution of citrate of iron, there-
fore, in making citrate of iron we must refer to solution of
citrate of iron. The scaled compound sold on the market
as citrate of iron, is usually of a composition more or less
approaching the formula Fe,2C, H;0,, but the uncertain
formula of our Pharmacopeeia is such as to permit an
excess of either ferric oxide or citric acid. Solution of

26
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ferric citrate is acid in reaction, and possesses the power
to freely dissolve ferric oxide. The following process is
after the plan of that of the Pharmacopeeia, but more
definite as to the point of saturation of the acid.

Take of solution of persulphate of iron (tersulphate of
the U. S. P.) one pint, mix it with four pints of cold dis-
tilled water, and stir into the mixture dilute ammonia
water until it is in slight excess. Then transfer the pre-
cipitate to a muslin strainer, and having permitted it to
drain, wash it well with cold distilled water, and until the
washings are nearly tasteless. Then transfer three-fourths
of the precipitate toa porcelain evaporating dish and mix
with it six troy ounces of citric acid. Place the dish on
a steam or water-bath, and having applied heat, stir the
mixture until the ferric oxide and the citric acid are both
dissolved. Then place a thin layer of the solution on a
plate of glass, and dry it by a gentle heat ; if it separates in
scales, evaporate the solution to a syrupy consistence and
spread it upon glass, by means of a brush, and dry it. If
it adheres to the glass, add ferric oxide gradually, testing
it from time to time, that the scaling point may be deter-
mined. In case an excess of ferric oxide is present, the
dried salt will separate from the glass as dust. In this
case citric acid must be added to the solution.

Citrate of iron is found in market as yellowish-red
scales. It is perfectly, but very slowly dissolved by cold
water, readily by hot water, and very freely by dilute
ammonia water. It is used in medicine for making pills,
but for most purposes has been supplanted by citrate of
iron and ammonium.

Ferric Citrate and Ammonium.

Synonyms.—Ferri et ammonii citras. Citrate of iron
and ammonium. Soluble citrate of iron.

This is made by the pharmacopeeial process, by mixing
ammonia water with solution of ferric citrate, evaporat-
ing the solution, and scaling the salt from the glass. We
find that, as made in this manner, the proportions vary to
such an extent, owing to the uncertainty of the compo-
sition of officinal citrate of iron, that the product is often
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troublesome to scale, and of varying solubilities. The
following process is recommended as an improvement.
Dissolve the ferric oxide from one pint of solution of per-
sulphate of iron (tersulphate U. 8. P.) by digesting it in
a poreelain dish, at the temperature of 180° F., with four
avoirdupois ounces of citric acid, and five fluid ounces of
solution of citrate of ammonium. (Solution of citrate of
ammonium for this purpose is made by dissolving eight
avoirdupois ounces of citric acid in an excess of ammonia
water, and evaporating the product until it is reduced to
the measure of sixteen fluid ounces.) When solution is
complete, evaporate the product to the consistence of
syrup, and dry by spreading it on plates of glass and ex-
posing it to the temperature of from 100° to 120° F.

Citrate of iron and ammonium is in garnet or dark red
scales, soluble in water, and gives off ammonia when
calcined. It should not deliquesce in the air, and if this
is the case an excess of ammonia has been used in its
preparation. In case the salt is finely divided and dusty,
the oxide of iron is in excess. If it has a sour taste, and
an acid reaction, citric acid is in excess. Citrate of iron
and ammonium is usually prescribed under the name
citrate of iron, or, soluble citrate of iron. It should be
sweetish to the taste, and its solution is neutral to litmus
paper. This compound, in common with the other scale
preparations of iron, is of uncertain composition. It is
generally considered as a mixture, or a combination, of
ferric oxy-citrate with ammonio-ferric citrate.

Ferric Citrate and Quinine.

Synonyms.—Ferri et quinie citras. Citrate of iron
and quinine.

This preparation is made according to the pharmaco-
peeia by dissolving quinine in solution of citrate of iron,
and evaporating the solution to the consistence of syrup,
after which it is spread upon glass and scaled. It dis-
solves very slowly in water, and therefore, is replaced in
commerce by a soluble salt containing ammonia. The
proportion of the U. 8. P. is such that fifty grains of the
salt contain eight grains of quinine. The color of citrate
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.of iron and quinine varies according to mode of prepara-
tion, ranging from yellowish-green to reddish-brown.

Ferric Citrate and Strychnine.

Synonyms.—Ferri et strychniee citras. Citrate of iron
and strychnine.

This as made by the pharmacopceial process is simply a
mixture of strychnine citrate with ammonio citrate of iron,
in the proportion of about the one-hundredth part of
strychnine (one per cent.) It has a bitter taste, but other-
wise resembles ordinary soluble citrate of iron.

Ferric Ferrocyanide.—Formula,Fe ,FCy,, or Fe,Cy 4,
or Fo,(CN),,.

Synonyms.— Ferri ferrocyanidum. Ferrocyanide of
iron. Prussian blue. Insoluble Prussian blue. Wil-
liamson’s blue.

This salt is made by pouring a solution of ferrocyanide
of potassium into a solution of ferric sulphate (tersul-
phate U.S. P.) or ferric chloride, the ferric solution being
in excess. The reaction is often expressed by the follow-
ing simple equation :—

3K,Fcy + 2F¢,(80,), = 6K,80, + Fe,Fcy,,

Potassinm Ferric Potassium Ferric
ferrocyanide. sulphate. sulphate. ferrocyanide.

Ferrocyanide of iron is a beautiful blue bulky precipi-
tate, insoluble in water. It is tasteless, and when dried
forms masses that are permeated with crevices which cause
it to readily break into small pieces upon handling. The
appearance of the broken lump is that of a beautiful
bronze, and which yields by trituration a deep blue
powder. It isinsoluble in dilute mineral acids, but with
solution of oxalic acid dissolves readily, and in this case is
known as soluble Prussian blue, and is sold for making
ink, or for washing purposes. This is not true “ soluble
Prussian blue,” which was discovered by Berzelius and is

Ferric Potassium Ferrocyanide.—This is made by
pouring a solution of ferric sulphate or ferric chloride into
an cxcess of a solution of potassium ferrocyanide, and
afterward washing the precipitate until the chloride or

™
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sulphate of potassium is removed, and the washings turn
blue. This compound has the composition

Vi 1v
K, Fe,(C,N,),Fe,.
It will dissolve in pure water, and the solution is precipi-
tated by various salts. It is not used in medicine.t

Ferric Hypophosphite.—Formula, F¢,6PH,0,. Mo-
lecular weight, 501.08.

Synonyms.—Ferri hypophosphis. Hypophosphite of
iron.

This preparation may be made by double decomposition
between solution of ferric chloride or ferric sulphate, and
solution of hypophosphite of sodium. If the ferric salt
is free from excess of acid, and the sodium hypophosphite
is previously rendered slightly acid with hypophosphorous
acid, the hypophosphite of iron will precipitate when the
solutions are mixed, after which it may be washed with
distilled water and then dried. This is an unsatisfactory
preparation, and it is customary in practice to use ferrous
hypophosphite as a component of the popular pharmaceu-
tical preparation, syrup of the hypophosphites. In this
case the solution of ferrous hypophosphite is made by double
decomposition between solution of hypophosphite of cal-
cium and solution of ferrous sulphate. It is not dried,
but mixed with the syrup in form of solution.

Ferrig Nitrate.—Formula, Fe,6NO,. Molecular weight,
483.14.

Synonyms.—Nitrate of iron. Ferri nitras. Pernitrate
of iron.

T Turnbulls Blue, or Ferrous Ferricyanide, is the blue precipitate
formed when ferridcyanide of potassium (red prussiate of potash) is
added to the solution of a ferrous salt. Upon this fuct we depend for
the test adopted for distinguishing the ferrous salts from ferric salts.
Thus in making perchloride of iron, (ferric chloride,) we continue
the application of heat to the solution of ferrous chloride, and add
nitric acid aslong as the solution is precipitated blue by red prussiate
of potassium. It is well to bear in mind that ferrideyanide (re:l

russiate) of potassium gives a blue precipitate with ferrous salts,

ut not with ferric salts; and that ferrocyanida (yellow prussiate)
of potassium gives a blue precipitate with ferric salts, but not an
jmmediate blue precipitate with ferrous salts.
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This preparation is made by dissolving iron turnings in
nitric acid, filtering the solution, and then adding to the
filtrate an additional amount of concentrated nitric acid.
Crystals will be deposited after a little time of either the
composition :

Fe,6NO,.12H,0, or, F¢,6N0,.18H,0,

the water of hydration depending upon the proportion
of free acid. Ferric nitrate is only used in medicine in
the form of a solution, prepared according to the U.S P.
in substance, as follows :—

Mix twelve fluid ounces of water with two and one-
half troy ounces of iron wire, and gradually add a mix-
ture of three troy ounces of nitric acid and six fluid
ounces of water, keeping the vessel cool by means of ice
water, while the reaction progresses. When effervescence

ceases, filter the greenish solution, heat it in a porcelain
evaporating vessel to the temperature of 130° F., and
then add two additional troy ounces of nitric acid and
heat it gently until effervescence ceases. Lastly, mix the
product with distilled water in sufficient amount to pro-
duce thirty-six fluid ounces. When the iron is dissolved
with cold dilute nitric acid, ferrous nitrate is produced
(Fe2NO,). When this is heated with the remainder of
the nitric acid, ferric nitrate is formed at the expense of
the nitric acid, nitric oxide and water being evolved.
Solution of nitrate of iron is of a reddish-brown color
when fresh. Tt isan unsatisfactory preparation , decom-
posing by age with deposition of insoluble oxy-nitrates.

Ferric Oxide. — Formula, Fe,0,. Molecular weight,
159.68.

Synonyms.—Sesquioxide of iron. Peroxide of iron.

This occurs naturally as the red hematite or specular
iron ore, a steel-gray mineral. It is also found in other
minerals in a greater or less degree of purity. It may
be made artificially by igniting the ferric salt of a volatile
acid. It may also be made by heating hydroxide of iron
to redness. It is not employed in medicine.

-

~
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Ferric Hydroxide.—Formula, Fe,(OH);. Molecular
weight, 213.56.

Synonyms.—Ferri oxidum hydratum. Hydrated oxide
of iron. Hydrate of iron. Hydrated sesquioxide of iron.
Hydrated peroxide of iron. (Antidote to arsenic.)

Mix either solution of ferric chloride or solution of
ferric sulphate, with four times its bulk of cold distilled
water, and add to this, with constant stirring, ammonia
water until the latter is in slight excess. Drain the
precipitate on a muslin strainer and wash it well with
cold distilled water. This forms the well known—

Antidote to Arsenic.t—Freshly prepared ferric hydrox-
ide is very soluble in acids. When it is kept for any
length of time, half its water of hydration separates, and
a crystalline formation results ; this is indifferent to the
action of acids, and is not the antidote to arsenic. When
ferric hydroxide is mixed with solution of arsenious acid,
insoluble arsenite of iron results. Undoubtedly only the
outside of the particles of undissolved arsenious acid
(arsenic) is coated with this insoluble compound, there-
fore, it must be remembered that it is necessary to evacu-
ate the stomach as soon as possible by means of an emetic
or a stomach pump. Freshly precipitated ferric hydroxide
is a gelatinons substance and has a dark brownish color,
appearing red and transparent in thin layer, as between
two plates of glass. It is tasteless and odorless and by

T The U. 8. P. directs that solution of tersulphate of iron be used
in making this preparation. Solution of tersulphate of iron, U. S P.
is in reality solution of ferric sulphate, but this is very seldom em-
ployed in medicine, being used exclusively in making other salts
of iron. Itis well to remember that in case of an emergency, either
solution of tersulphate of iron or subsulphate of iron, (Monsel's so-
]utiqn), or perchloride of iron (ferric chloride), or the tincture of
muriate of iron, will answer for this purpose. If ammonia water can
not be obtained, use either bicarbonate of sodium or solution of pot-
ash, or caustic soda (concentrated lye) to precipitate the hydroxide.
Do not wait for the precipitate to drain, squeeze it in a muslin strainer,
miz the magma with water and squeeze again, then administer i¢. Or,mix
solution of tersulphate of iron (persulphate) with twice its bulk of
water, and triturate the mixture with excess of a paste made of cal-
cined magnesia and water. This may be administered at once and
in substance.
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age turns briek-red, assumes the aforementioned crystal-
line form, and shrinks to oue-third the original bulk,
water overlying. Ferric hydroxide dissolves freely in
solution of ferric chloride, forming a dark red liquid of a
styptic taste. If this liquid be submitted to dialysis, the
crystalloids pass through the membrane and basic oxy-
chlorides of iron remain within it. At last, only a small
proportion of hydrochloric acid (or chlorides) is present
within the dialyzer, and the solution is almost tasteless.
This is the so-called solution of oxide of iron, in reality a
solution of oxychloride of iron.t Hydroxide of iron may
be dried, and when the residue is powdered it presents a
dark brown appearance, and has the composition— ’

Fe,0,.Fe,(OH),.

This substance is also formed when hydroxide of iron is
allowed to freeze, and it is found native.

Ferroso-Ferric Oxide. — Formula, Fe,0,, or FeO.-
Fe,0,. Molecular weight, 231 54.

Synonyms. — Ferri oxidum magneticum. Magnétic
oxide of iron. Black oxide of iron. Black hydrate of iron.
Ferroso-ferric hydrate.

This article is found native, and is known as magnetic
iron ore. It is made artificially, the process of the British
Pharmacopceia being essentially as follows :—

Dissolve two troy ounces of ferrous sulphate in two
pints of water, and mix the solution with five and one-
half fluid ounces of solution of persulphate of iron, B. P..
(tersulphate U. 8. P. will answer). Mix this with four
pints of solution of caustic soda, specific gravity 1.071,
and bring the mixture to a boil. Then permit it to cool,
stirring occasionally for two hours, drain the precipitate
on a muslin strainer, and wash it until the washings pass

T This preparation is known on the market as dialyzed iron. and is
often made by adding ammonin water to solution of ferric chloride
until a little of the ferric hydroxide produced refuses to dissolve.
This solution is then dialyzed,chloride of ammonium passing through
the membrane and oxy-chloride of iron remaining within. 1f the
process be conducted beyond a certain point the contents of the
dialyzer will gelatinize.

N
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tasteless. Then dry the magma. Ferroso*ferric oxide is
a black-brown powder, tasteless, and soluble in hydro-
chloric acid without effervescence. It is capable of being
attracted by the magnet. This preparation, more or less
impure, has been long employed in medicine, under the
name Zthiops Martialis. The chemistry of ferroso-ferric -
oxide may be clearly brought to mind by considering the
fact that metallic iron forms two basic oxides. Iron mon-
oxidet or ferrousoxide, FeO, and iron sesquioxide or ferric
oxide, Fe,O,, which unite to form ferroso ferric ozxide,
thus :—F¢0.+Fe,0,=Fe,0,.

Ferric Pyrophosphate.—Formula, Fe, 3P,0,.9H,0.
Molecular weight, 906.16.
Synonyms.—Ferri pyrophosphas.  Pyrophosphate of
iron.
This substance results as a white precipitate, when cold
solution of pyrophosphate of sodium is mixed with solu-
tion of persulphate of iron (tersulphate U. S.P.), thus:

3Na,P,0, + 2Fe,380, = Fe,3P,0, + GN;:FSOP
Sodium Ferric Ferric Sodium
pyrophosphate. sulphate. pyrophosphate. sulphate.

Pyrophosphate of iron is insoluble in water, but readily
dissolves in solution of citrate of ammonium, forming a
greenish-yellow solution. This evaporated to a syrupy
consistence and spread upon glass, separates when dried
in the form of apple-green scales. These scales are recog-
nized by the Pharmacopeeia as Ferri Pyrophosphas.
Scaled, so-called pyrophosphate of iron, is thus a combi-
nation of ammonia, citric acid, and pyrophosphate of iron.
The actual chemical constitution of the preparation is
undecided. Pyrophosphate of iron is quite soluble when
fresh ; but becomes less soluble by age. Snnlight decom-
poses it. This is the form of iron employed so exten-
sively in the class of pharmaceutical preparations known
as elizirs.

T Ferrous oxide is not used in medicine. It may be made by
adding oxalata of iron to a boiling solution of caustic potash. It is
a black powder and absorbs oxygen from the air.

v



314 CHEMISTRY OF MEDICINES.

Ferric Sulphate. — Formula, Fe,(S80,),. Molecular
weight, 399.26.
Synonyms.—Persulphate of iron. Tersulphate of iron.
This salt is formed when ferrous sulphate is dissolved
in water, with excess of sulphuric acid, nitric acid being
then added to the heated mixture as long as red fumes
escape. The reaction is expressed as follows :—
6FeSO,+3H,80,42HNO, =3Fe,(80,),4-4H,042NO.
w

Ferrous  Sulphuric Nitric Ferric ater. Nitric
sulphate. acid. acid. sulphate. oxide.

Persulphate of iron is the form of ferric salt directed
by the U. S. P. as the basis for ferric hydroxide and the
scaled salts of iron. It is known in solution as—

Liquor Ferri Tersulphatis, or solution of tersul-
phate of iron, and as such is recognized by our Pharma-
copeia. The mode of preparing the solution is essen-
tially as follows :—

Mix one troy ounce and three hundred and sixty grains
of nitric acid with two troy ounces and sixty grains of sul-
phuric acid, and half a pint of water, in a capacious por-
celain capsule, and heat the mixture to the boiling point.
Add gradually twelve troy ounces of ferrous sulphate,
heat until excess of nitric acid is expelled, cool and then
add water uuntil the contents of the dish will measure
twenty-four fluid ounces. Solution of tersulphate of iron,
U. S. P,, is identical in chemical composition with solu-
tion of persulphate of iron, B. P. The strength of the
British solution (specific gravity 1.441) is a little greater
than that of our own (specific gravity 1.320). The color
of this preparation is brown. It has no odor and is very
acid and astringent to the taste. If it be diluted with
water, it changes to a reddish color. The foregoing prep-

“aration must not be confused with the well known styptic,

Monsel’'s 8olution (Liqunor Ferri Sub-sulphatis, U.S. P.
often called solution of persulphate of iron.)

This preparation is made in the same manner as solu-
tion of tersulphate of iron, but the sulphurie acid is not
in sufficient amount for the production of a true ferric
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sulphate, therefore, an oxy-sulphate results. Mousel’s
solution, or solution of sub-sulphate of iront should
always be designated by one of the terms just named, and
not as persulphate of iron. It is of a dark brown-red
color, and of specific gravity 1.552. 1t is very astringent,
and is not acid to the taste like tersulphate of iron. The
use is as a styptic, and as such it is among the most valu-
able. There are many basic ferric sulphates known, but
the above only is of use in medicine. If Monsel’s solu-
tion be placed in an open dish, and exposed to the atmo-
sphere, especially near escaping steam, a light-yellow mass
will result, which when powdered "is known as Monsel’s
salt. It is employed as a styptic, and is a basic ferric
oxy-sulphate.

Ferric Sulphate and Ammonium—Formula (NH,),-
Fe,(80,),.24H,0. Moleculur weight, 962.14.
Synonyms. — Ferri et ammonii sulphas.  Sulphate
of iron and ammonium. Ammonio-ferric alum.
Dissolve four and one-half (43) troy ounces of sulphate
of ammonium in two pints of solution of persulphate of
iron (tersulphate U. S. P.) by the aid of heat. Place the
solution in a cool place to crystallize. This is a double
alt of ammonium and fervic sulphates, aud as such may
be represented by (NH,),80,.Fe,(80,),.24H,0. Itecrys-
tallizes in regular octohedrons, is astringent, and from
analogy is called alum. According to the writer’s expe-
rience it is unnecessarv to heat the solution of the two
sulphates above 150° F. A temperature of 212° I, de-
composes the salt into the two sulphates, but they rveunite
as the solution cools. Sulphate of iron and ammonium
is of a pink color when warm, of a beautiful bluish pur-
ple when cold and first erystallized. It will keep if closely
corked, or if preserved in an atmosphere which is satu-
rated with moisture. If a large crystal be suspended in

T The meaning of the prefix sub (under) here is only with refer-
ence to the highest sulphnte, the ferric sulphate. Sub-sulphate of
iron is intermedinte between ferrous sulphate, FeSO, and ferric sul-
phate Fe,(SO,),.
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a close glass over water, it will part with its water of
crystallization when the weather is warm, and this satu-
rated with the salt, will fall in drops from the lower sur-
face. The crystal absorbs moisture again when cool and
thussolution will alternately follow crystallization, and
the crystal will gradually be transferred to the vessel
below. Sulphate of iron and ammonium should not be
exposed to the atmosphere, as it gradually decomposes
under such conditions, absorbs oxygen, parts with its
water of crystallization, and a mixture of ammonium sul-
phate and ferric oxy-sulphates remains.

Ferric and Ammonium Tartrate.

Synonyms.—Ferri et ammonii tartras. Tartrate of
iron and ammonium.

This is one of the scaled salts of iron and is officinal
in the U. S. P., but may well be discontinued as it is sel-
dom prescribed. It is prepared by neutralizing a given
amount of tartaric acid in solution with ammonium car-
bonate (ammonia water is better) and afterward dissolving
in this solution as much tartaric acid as was originally
used. This is then saturated with ferric hydroxide, and
the solution is evaporated to a syrupy consistence and
scaled from plates of glass. Tt is in garnet red scales, of
a sweetish taste, and when heated decomposes, evolving
ammonia.

Ferric and Potassium Tartrate.

Synonyms.—Ferri et potassii tartras. Tartrate of iron
and potassium. Ferri tartarisatum. Ferro-tartrate of
potassium. Ferri potassio-tartras.

This is one of the scale salts of iron, of somewhat
doubtful composition. It is made by digesting ferric
hydroxide with potassium bitartrate (cream of tartar),
filtering the solution, evaporating the filtrate to the con-
sistence of a syrup and then scaling it from glass in the
manuner explained under citrate of iron. Tartrate of iron
and potassium is usually in brown scales, of a sweetish
taste. It slowly dissolves in cold water ~ An improved
salt is made by the addition ot a little ammonia water,

Tl N

™~
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which renders the salt soluble in less than its weight of
cold water.

Tests for Iron.—Ferrous salts in slightly acid solution
produce white precipitates with ferrocyanide of potassium.
The precipitate rapidly absorbs oxygen from the air and
turns blue. Ferrous salts are prone to absorb oxygen
from the air and pass into ferric salts, therefore, the pre-
cipitate is usually of a bluish white from the presence of .
fervic salts. If the solution of a ferrous salt be mixed
with a solution of ferricyanide of potassium (red prussiate
of potash) a deep blue precipitate at once follows, insolu-
ble in hydrochloric acid.

Ferric salts form blue precipitates with ferrocyanide of
potassium (yellow prussiate of potash). If the solution
of ferric salt is alkaline it must be made acid with acetic
acid. If it contain free mineral acid, add an excess of an
alkaline acetate before applying the test. Ferric salts in
neutral or moderately acid solution strike a blood-ved
color with potassium sulphocyanide. This test is extremely
delicate.  An alkaline acetate in excess prevents the
reaction.

MANGANESE.
Symbol, Mn. Atomic weight, 54.8.

Scheele, in 1774, investigated the compounds of man-
ganese. Gahn afterward isolated the metal. Manganese
occurs native as the dioxide MnQO,, or black oxide of
manganese, as it is. usually termed. It is present jn many
other minerals. Manganese may be made by several
similar processes, including electrolysis of the chloride.
Manganese is gray and appears like cast-iron. Tt is hard,
brittle and of the specific gravity 8.0. Tt unites rapidly
with oxygen, decomposes water, liberating hydrogen, and
like potassium and sodium must be kept under naptha or
benzine. It melts at a white heat, and when mixed with
iron and melted and cast, it does not oxidize, or at least
very slowly. A few salts of manganese are used in
medicine to a slight extent. Chemists recognize two
classes of salts of manganese, viz., manganous compounds
and manganic campounds.
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Manganous OChloride.—Formula, MnCl,. Molecular
weight, 126.54.

Synonyms.—Manganesii chloridum. Chloride of man-
ganese. Dichloride of manganese.

This salt is obtained in large amouunts where chlorine
gas is made by means of black oxide of manganese. 1In
this case the impure chloride of manganese which results
~ from the action of hydrochloric acid upon the black oxide,
is purified as follows:—

Evaporate the solution, until it is free from excess of
hydrochloric acid. Remove one-fourth of it and add to
it an excess of solution of carbonate of sodium. Wash
the precipitate well with water, and mix it with the re-
maining three fourths of original solution. Boil the
mixture until solution of ferrocyanide of potassium fails
to strike a blue color with a filtered portion of it, (the
iron is now precipitated). Filter, and evaporate the
filtrate to crystallization, and crystallize in a cold situa-
tion. The crystals should be purified by recrystallization
from distilled water. Chloride of manganese crystallizes
in rose-colored crystals of the monoclinic system, which
have four molecules of water of erystallization, MnCl,.-
4H,0. They fuse in their water of crystallization at less
thau the boiling point of water, and lose two molecules
of water when placed over sulphuric acid. The salt is
soluble in one-sixth its weight of water at 60° C. (140° F.)
and unites with chlovides of the alkali metals to form
double salts. Chloride of manganese is the preparation
from which the other salts of this element are geunerally
derived, carbonate being first prepared as follows :—

Manganous Carbonate.—Formula, MnCO,. Molecu-
lar weight, 114.65.

This is obtained as a white precipitate by mixing solu-

tion of carbonate of sodium with solution of either chlo-

+ Manganic chloride may be obtained in solution by dissolving
manganic hydroxide, MngOo(OH),. in cold hydrochloric acid. It
has the composition MnsCls, and when the solution is heated
decomposes, chlorine being evolved and manganous chloride re”
maining, thus:—Mn,Cl;=2MnCl+4Cl,.
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ride of mangancse or solution of sulphate of manganese.
It must be washed with hot distilled water and quickly
dried. When dryit has a buff color, is tasteless, and dis-
solves in 8000 parts of water (R. & S.). It readily unites
with acids to form salts, and is dissolved freely by carbonic
acid water.

'Ma.nga,nous Acetate —Formula, Mn2C,H,0,+2H,0.

This is made by adding manganous carbonate to acetic
acid as long as effervescence continues, filtering the solu-
tion, evaporating it to the consistence of a syrupy liquid,
adding a little acetic acid auiid crystallizing in a cold situ-
ation. The reaction is expressed as follows : —

MnCO, + 2HC,H,0, = Mn2C,H,0, + H,CO,.

Mapganous Acetic acid. Manguumm m,et'm. Carbonic udd
carbonate.

Acetate of manganese is in the form of deep rose-colored
crystals, very soluble in water.

Manganous Iodide, MnI,+44H,O, or iodide of man-
ganese, is made by saturating solution of hydriodic acid
with manganous carbonate, thus :—

MnCO,; 4+ 2HI = MuI, + H,CO,.

Mangnnom Hydriodic llun,,anous Lmhnmc
carborate. acid. iodide. acid

The salt may be obtained in the form of erystals, but
it is very deliquescent and is unstable. A syrup of iodide
of manganese isused in medicine.

Manganous Phosphate, or monohydrogen manganous
phosphate, HMnPO,.3H,0,, is produced when a solution
of ordinary plnmphdte of sodium is precipitated by means
of a solution of sulphate, or of chloride of manganese,
thus:—

HNa,PO, + MuSO, = HMnPO, + Na,SO,.

bo-lmln mtho— Mangnnese Manganous Sodium
phosphate. sulphate. phosphate. sulphate.

In addition to the above we have normal manganous
orthophosphate, Mn,(PO,) +7H,0, and dihydrogen
manganous phosphate, H . Mu(PO,), QH 0. Phocphate
of manganese is very seldom employed in ' medicine.
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Manganous Sulphate, MnSO,, or sulphate of manga-
nese, is most readily prepared from the carbonate of man-
ganese by a process similar to that we have given for
making acetate of manganese, although it can be made
directly from black oxide of manganese and sulphuric acid.
To prepare it from carbonate of manganese, add carbo-
nate of manganese to dilute sulphuric acid as long as effer-
vescence continues. Filter the solution, evaporate it to
the consistence of a syrup, and -place the solution in a
shallow vessel, in a cool place to crystallize. It will re-

uire several days before the crystallization is complete.

he reaction is explained by the equation—
MnCO, + H,80, = MnSO, + H,CO,.

Manganous Sulphuric Mangunous Carbonic
carbonate. acid. sulphate. acid.

Manganous sulphate varies in properties according to
the water of crystallization present. If the sall is crys-
tallized at a less temperature than 6° C. (42.8° F.) it will
have the composition MnSO,.7TH,0; between 7° and 10°
C. (44.6° and 50° F.) it is represented by MnSO,.5H,0,
and at from 20° to 30° C. (68° to 86° F.) by MuSO,.3H, 0.

Manganous sulphate is rose colored, and dissolves freely
in water (we refer to the common salt of commerce,
MnSO,.3H,0). It is the salt of manganese most used in
medicine (none are in general use.) It will be necessary to
study the oxides of manganese and the oxy-acids, to
clearly understand the nature of the permanganates, the
manganates, the manganous, and the manganic salts.

V Oxides of Manganese.
These may be named as follows:

Manganous oxide. or manganese monoxide, ...... -....MnO,
Mangano-manganic oxide, or red manganese oxide Mn,0,.

Manganic oxide, or manganese scsquioxide.......... Mn,O
VMunganese dioxide, manganese peroxide, or black
oxide of manganese....ccoee veveeren uneernen ueeenn MnO,.
Manganese heptoxide.......ceverruienieercennnnes - . Mn,0,.

The first of these oxides is a powerful base (MnO) ;

. the last (Mn,0,) an acid producer which will form per-

manganic acid (HMnO,) when brought into contact with
water.
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The fourth (MnO,) also acts occasionally as a weak acid,
but generally the three intermediate oxides are feebly basic.
There are several poorly defined oxides beside those we
have named, but it is unnecessary for us to consider them.
Indeed, many believe such to be mere combinations of
the foregoing, and in like manner define red manganese
oxide, Mn,O,. as a compound of manganese monoxide
(MnO) and manganic oxide (Mn,0,), thus:—

MnO-+Mn,0,=Mn,0,.
Manganous oxide, (Mangancse mouoxide,) MnO.

This is produced when a higher oxide of manganese is
heated to redness in an atmosphere of hydrogen. Itisa
grayish-green powder of specific gravity 5.09. This oxide
is of interest as it gives rise to the series of compounds
known as manganous compounds (previously considered). '
It is a powerful base. When solutions of the manganous
salts are precipitated with an alkali, a white hydrate falls.
This is known as manganous hydrate Mn(OH),, and has
the composition of a molecule of manganous oxide united
with a molecule of water, thus:—

MnO+4H,0=Mn(OH),.

The reaction which results in the decomposition of
manganous chloride by means of potassium hydroxide is -
represented as follows:—

MnCl, 4 2KOH = Mn(OH), 4+ 2KCL

Manganous Potassinm Manganous Potassinm
chloride. hydroxide. hydrate. chloride.

Manganous hydrate oxidizes rapidly upon exposure to
the air and turns brown, manganic hydroxide, Mn,O,-

(OH),, being first formed. '
Manganic Oxide, (Sesqui-oxide of manganese,) Mn,0,.

This oxide is typical of a series of manganese salts
known as manganic compounds, none of use in medicine.
It is found native as the mineral braunite. Sesquioxide
of manganese is produced when the other oxides of man-
ganese are ignited in oxygen gas. The contents of the
retorts which are employed in preparing oxygen by heat-
ing manganese dioxide to redness, consists mainly of this
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Manganous Acid — Manganate of potassium is believed
to be a salt of manganous acid, H,MnO,, which has never
been obtained in a free state. Although hypothetical, it
is accepted that it.gives rise to a'series of well known oxy-
salts, the manganates, thus :—

Manganous acid... cecoceevrenciivanieinenee.. H,M0O,.
Potussium manganate.............ceeuveen. . K, MnO,.
Sodium manganate............ ....Na,MnO,.
Barium manganate.. «eeee. BaMnO,.

Manganese Heptoxide, or permanganic anhydrid,
Mn,0,, is a very unstable compound. It is made by
dissolving perfectly pure permanganateof potassium in very
strong sulphuric acid, wheu it separates and settles as an
oily liguid. It readily evolves oxygen, and decomposes
with explosive violence when heated, or when it isbrought
into contact with many organic substances. This should
not be made for experiment, on account of the danger of
explosions. '

Permanganic Acid, HMnO,.—When a solution of
manganate of potassium is boiled, decomposition ensues
and a red solution is produced dependent upon the for-
mation of potassium permanganate. At the same time
caustic potash and hydrated dioxide of mangancse are
formed, thus:—

3K,Mn0,+43H,0 = 2KMnO,+4KOH-4{Mn0,,H,0.
Potassinm Water, Potaseium  Caustic .IIydrated man-
manganate. permanganate. potash. gunese dioxide.

Potassium permanganatet may be considered a com-
pound which is derived from displacement of the hydrogen
in permanganic acid. A series of permanganates are
known ; thus, as examples:—

Permanganic acid. .o..oovvvenneiiieeeeeveneee. .. HM0O,.

Potassium permanganate...oeeeieenes cuenes KMu0,,
Sodium permanganate..........ceeeeennen... NaMnO,.

Barium permanganate........ e Ba(MnO,),.

Permanganic acid, in aqueous solution, may be ob-
tained from burium permanganate by decomposition with

1 See potassium permanganate, under salts of potassium, for prac-
ticul prepuration.
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sulphuric acid. It isa dark-red liquid, a powerful oxi-
dizer, and decomposes even by the action of light, oxy-
gen being evolved.

Tests for Manganese.—Mix compounds of manganese
-with sodium carbonate and a small amount of potassium
nitrate. Fuse the mixture upon platinum foil in the
outer blowpipe flame. Sodium manganate results, of a
green color. Dissolve the same in a small amount of
distilled water, a green solution results, Add excess of
acetic acid, the solution changes to red. If there be
organic matter present brown flocculi separate upon
standing and the solution becomes colorless. If limestone
be examined in this manner a little borax must be added
previous to fusing the mixture. Salts of manganese in
solution are characterized by giving flesh-colored precipi-
tates with sulphide of ammonium. Hydroxides of potas-
sium and of sodium give white precipitates with solu-
tions of manganese salts which change to brown upon
exposure.

NICKEL.
Symbol, Ni. Atomic weight, 58.6.

The ores of this metal have been distinguished from
copper since 1694. Bergman, in 1774, identified the
metal, and supported the results of Cronstedt’s investiga-
tions made some thirteen years previously. Thus Cron-
stedt is the discoverer of the element. Nickel is extracted
from the ore by calcination, and also by a wet method. It
is always impure as found in commerce, being contami-
nated with iron, copper, carbon, and, excepting that
from New Caledonia, cobalt. The pure metal may be
made by reducing the chloride in an atmosphere of
hydrogen gas, or by igniting oxalate of nickel out of
contact with the air. Nickel is silver or grayish-white
and very hard. It has the specific gravity 8.9 (R. & 8.),
is malleable, magnetic and permanent in theair. It unites
with oxygen at redness and dissolves in dilute nitric,
sulphuric and hydrochloric acids. It is useful as an alloy
in making certain cheap coin, and in preparing German
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silver. Nickel forms two oxides, a monoxide, NiO, and a
sesquioxide or peroxide, Ni,O;. Neither is of use. There
are many salts of nickel, one only of general use in the arts,
and this (sulphate) has been recommended in medicine, but
it is very seldom employed as a therapeutical agent.

Nickel Sulphate.—Formula, NiSO,.

This salt is made by dissolving carbonate of nickel in
dilute sulphuric acid, evaporating the solution and crys-
tallizing. Sulphate of nickel is a beautiful emerald-green
salt, crystallizing with either six or seven molecules of
water according as the solution is acid or neutral. Sul-
phate of nickel is used mainly in electro-plating, for
which purpose it is dissolved in water acidulited with
sulphuric acid, and then made into a double salt with am-
monium sulphate. This, ammonium nickel sulphate has
the composition (NH,),S0,.NiSO,+6H,0.

CHROMIUM GROUP OF METALS.

* CHROMIUM. TUNGSTEN.
MOLYBDENUM. URANIUM.

This group of metals forms a series of trioxides which
give rise to oxy-acids, and these in turn produce an inter-
esting line of salts. Chromium alone is of value in a
medicinal sense, but molybdenum yields compounds which
are very useful as tests for alkaloids.

CHROMIUM.
Symbol, Cr. Atomic weight, 52.4.

‘This metal was discovered in 1797 by Vanquelin. He
gave it the name chromium with reference to the yellow
color of its salts. Chromium does not' occur native, but
may be obtained from the oxide or chloride by reduction
at a high temperature with sugar. Chromium has a gray-
ish-white color, the specific gravity 6.8 (Weehler), or 7.3
(Bunsen). It does not oxidize in the air, but forms
chromic oxide (Cr;0,) at redness. Nitric acid does not
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affect it ; warm dilute sulphuric acid dissolves it, hydrogen
escaping ; dilute hydrochloric acid dissolves it quickly.
The oxides and the salts of chromium are of exceeding
interest to chemists, many are of great value in the arts.
Very few are used in medicine.

Chromium and Oxygen.

Chromium forms two oxides of a basic nature, and one
which is an acid former. Chromium monoxide or chro-
mous oxide (hypothetical) CrO. Chromium sesquioxide
or chromic oxide (green oxide of chromium) Cr,O,.
Chromium trioxide, or chromium anhydrid (usually called
chromic acid), CrOj,. :

Chromium Trioxide. — Formula, CrO,. Molecular
weight, 100.28.

Synonyms.—Chromium anhydrid. Acidum chromicum.
Chromic acid.

This is the only oxide of interest to the physician. It
is made by decomposing solution of bichromate of potas-
sium with sulphuric acid, the chromium anhydrid separat-
ing as brilliant scarlet or red needles (see chromic acid).
Chromium trioxide is an energetic oxidizing agent, many
organic aud inorganic bodies reducing it quickly, cliromic
oxide, Cr,0,. being formed. When chromium trioxide is
dissolved in water a yellow solution results. This is in
reality a solution of chromic acid, H,CrO,, and is pro-
duced by the combination of a molecule of water with a
molecule of chromium trioxide, thus :(—

Cr0,4+H,0=H,CrO,.
This is typical of a series of salts known as—

Chromates, of which we may mention as examples,
}* Normal potassium chromate.... .... .....K,CrO,.
Normal ammonium chromate.........(NH,),CrO,.

Barium chromate. ... .cooceeee vee eeeerwne. BaCrOy,.
Liead chromate. cooveeeiiiinnnnicneeiienns «.. PbCrO,.

The lead chromate is employed in the arts as a yellow
pigment (chrome yellow). The common bichromates, or
dichromates, are a class of salts represented by M,Cr,0,.
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- They have the constitution of a molecule of chromium
trioxide and a molecule of a neutral chromate, thus :—

Potassium chromate ........... X,Cr0,+Cr0,.=K,Cr,
Ammonium  «  (NH,), CIO +L|O _.(Nﬂd)z(,r O
_Sodium chromate......ce.e.... NJ) 1O +ClO .--N.zJCr2 7

Or, we may call the neutral chromates compounds formed
from hydroxides with one molecule of chromium trioxide,
thus :— 2KOH+4-CrO,=K,CrO,.+H1,0; and the bichro-
mates compounds formed from hydlox:des with two mole-
cules of chromium trioxide, thus:—
2KOH.+2(Cr0,.=K,Cr,0,+H,O.

Bichromate of pot.lssmm is emplm red in making offi-
cinal chromic acid, and has been described under pot'ls—
sium salts. It is not necessary for us to consume space
with the other preparations of chromium.

MOLYBDENUM.
Symbol, Mo. Atomic wecight, 95.6.

Scheele pointed out the fuct that sulphide of molybde-
num differed from graphite. It seems, however, that
Hjelm first prepared the metal. Molybdenum is made by
reduction of the trioxide in hydrogen gas, or by heating
a chloride of molybdenum iu an atmosphere of hydrogen.
Molybdenum is silver white, of specific gravity 8.6, and
refuses to melt at the highest heat of a wind furnace, It
is very hard, does not oxidize at ordinary temperatures,
dissolves in nitric acid and in hot sulphuric acid, but not in
dilute sulphuric nor hydrochloric acid. It formsa num-
ber of oxides, oxy-chlorides and chlorides ; also an acid
which is known as molybdic acid H MoO“ and this is
typical of a series of salts known as molybdates thus :—

H,M00, + K,CO0, = K,M00, + H,CO,.

Mol vhd-c l’ommium Pohssmm Carbomc
acid. carbonate. molybdate. acid.

None of the compounds of molybdenum are used as
medicines, but molybdic acid, molybdate of ammonium
(NH)), M004. and “phospho- molybdlc acid are of great
value as a test for alkaloids.
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TUNGSTEN (Wolfram.)
Symbol, W. Atomic weight, 184.0.

This metal is only found in a few minerals. None of
its compounds are employed in medicine. It is yielded
most abundantly by the ore wolfram. When a mixture
of tungsten trioxide (WO, ) and carbon is calcined in a
close crucible, the metal is liberated, but as yet it has
never been obtained in mass. The powder has a metallic
lustre, specific gravity 19.120, burns at a red heat in the
air and oxidizes rapidly in nitro-muriatic acid. It is said
to harden steel when in small proportion. The symbol W.
was derived from the name wolfram applied to the eom-
mon ore of the metal.

URANIUM.
Symbol, U. Atomic weight, 240.0.

Klaproth named this element after the planet Uranus, in
1789. He did not obtain the metal, however, as he sup-

sed. Peligot isolated it from a mixture of uranous
chloride and either potassium or sodium, by calcination.
Uranium has a specific gravity of 18.33, is hard, and of a
whitish nickel-like colur. It is of no use in the arts, and
noue of its compounds are emploved in medicine.

TIN GROUP OF METALS.

¥ TIN. THORIUM.
TITANIUM. ZIRCONIUM.

Of this group tin alone is of value in the arts, and at
one time powdered tin was employed in medicine. The
metals of this group form dioxides which correspond with
dioxide of silicon, (SiO;.) They resemble this non-metallic
element, furthermore, from the fact that their fluorides
form double salts with the fluorides of other metals, and
these are isomorphous with the silico-fluorides.
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TIN (Stannum.)
Symbol, Sun. Atomic weight, 117.8.

Tin has been known since a very early day, and is
found in many parts of the world, but not plentifully out-
side of a few localities. ‘The dioxide of tin or the mineral
cussiterite yields the tin of commerce. Common tin con-
tains arsenic, bismuth, antimony, zine, copper, and other
metals. Pure tin is white, brilliant, harder than lead, and
of the specitic gravity 7.293.  When a bar of tin is bent
it emits a crackling noise which is known as ¢ the ery of
iin.”  Tin may be rolled or hammered, and is employed
in making a foil which is extensively used in various
branches of the arts.t Tinned vessels of copper, iron
and brass are in common use. Tin forms several alloys
with other metals; as such we name pewter, gun-metal,
bronze and bell-metal. It also combines with mercury
to form an amalgam which is valuable as a gilding for
glass.

Tin Powder.

This is the only form of tin that has ever had any
reputation as a remedy, and it is now obsolete. It was
used once for the expulsion of tape-worms. Powdered
tin is made by pouring melted tin into a mortar and tritu-
ating rapidly until it cools. Tin is often dissolved in
dilute hydrochloric acid, for this purpose it is advisable to
granulate the metal. This can be done by pouring the
molten metal, in a small stream, into cold water.

' Oxides.

Tin forms two oxides, monoxide or stannous oxide, SnO,
and dioxide or stannic oxide, SnQ,. Stannousoxide is of
little importance, but the stannic oxide in an impure form
is the natural ore of tin. These two oxides are typical of
two classes of salts known severally as stannous salts
and stannic salts. Of these one is used extensively as a
mordant indyeing under the name tin salt. This—

T Ordinary tin-foil is lnrgely composed of lend. It is wmade by
rolling a piece of lend between two pieces of tin, thus making a foil
with a tin surface.

28
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Stannous Chloride, or dichloride of tin, is made
by dissolving metallic tin in hydrochloric acid, and evapo-
rating the solution to crystallization. The crystals are
colorless, needle-like, and have the composition, SuCl,-
211,0. In commerce a solution of stannous chloride is
kunown under the name, ‘ solution of tin,” and is used for
the same purpose as the crystals.

Tin forms many compounds of interest to chemists,
but which we are not called upon to review. The disul-
phide of tin (SuS,) is made by heating a mixture of sal-
annnoniae, sulphur, and an amalgam of tin. It has a
bronze color, and is known as mosaic gold.

The soluble salts of tin are poisonous. In cases of
poisoning, vomit the patient, use the stomach pump, and
adwminister mucilaginous and albuminous drinks.  Car-
bouate of aummonium has also been recommended. -

Tests for Tin.—If a tin compound be held in the reduc-
ing flame of the blow-pipe upon a carbon pencil, reduction
takes place, and a bead of metallic tin remains. This
dissolves in hydrochloric acid, and the solution precipitates
red with selenious acid.  'With mereuric chloride a white
precipitate is at first formed, and afterward a black pre-
cipitate.  Slannous salts give brown precipitates with sul-
phide of hydrogen, which are insoluble in fresh, colorless
sulphide of ammonium.  Stannic salts give yellow pre-
cipitates with the same reagent, and these dissolve in am-
monium sulphide.  If metallic tin be acted upon by
nitrie acid a white powder (Sn0O,) results.

TITANTUM.
Symbol, Ti. Atomic weight, 48.0.

This metal is of no importance in medicine, and is not
wxed in the arts. It was discovered by Klaproth in 1795.
It s very rarve, and occurs in nature as a dioxide. It
possesses a1 metallie lustre, and an iron-gray color. It will
barn in the air, forming dioxide, contaminated with a
Wl witride. It dissolves in warm hydrochloric acid,
hvdgen being evolved.  Dilute sulphuric and other
acds also aftect it.

s ’ € A y{lo‘(}/‘
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Titanium is remarkable for the fact that it combines
at high temperatures with nitrogen. Several compounds
of titanium and unitrogen are known (nitrides).

THORIUM.
Symbol. Th. Atomic weight, 231.5.

Thorium is found in several minerals which contain
metals of the cerium group. It wasdiscovered as an earth
by Berzelius in 1828, the name thoriu being given it.

Thorium is a gray powder capable of beuw polished.
The specific gravity is 7.6, or 7.7. It dissolves in nitric
acid readily, and burns in the air if heated. Thorium is
obtained from the chloride by heating it in a crucible
with metallic potassium or metallic sodium. It forms an
oxide of the composition ThO, (thorium oxide or thoria),
which gives rise to a line of salts of no general interest.

ZIRCONIUM.
Symbol. Ze.  Atomic weight, 90.0
Zirconium was discovered as an earth and named by
Klaproth in 1789. Berzelius first isolated the metal. Tt
is very rarve, and the crystalline form only unites with
oxygen in the heat of an oxy-hydrogen flame. The
amorphous form, upon the contrary, burns brightly when
simply warmed in the air. It oxidizes in nitro-muriatic
acids, dissolves in hydrofluoric acid, but common acids do
not affect it, even if heated. Zirconium forms one oxide,
ZrO,, which is known as zirconia. This produces salts
with both acids and bases, thus:—
Sodium zirconate. ... ..... e, Na,Zr0,.
Zirconinm sulphate.......... ceeenes cevernvens Zr(QO‘,)2
The formation of the sodium 9a]t may be represented

as follows:—
ZrO, 4 Na,CO, = Na,ZcO, + CO,.

Zircon® um Lurbnnutc Sodinm Carbhon
oxide. of sodinm zirconiate. dioxide.
The sulphate is formed according to the following
equation :—
Zr0,. + 2H,80, = Zr(S0,), + 2H,0.
Ztrcnnlum Bulphurm Zirconium

oxide. acid. sulphate.
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THE ANTIMONY GROUP OF METALS.

ANTIMONY. TANTALUM. BISMUTH.
NIOBIUM. 'VANADIUM,

The individuals of this group form pentoxides (M,0;),
which give rise to acids. In this respect the group closely
resembles those of the group of non-metallic elements
comprising nitrogen, arsenic and phosphorus. Only two,
antimony and bismuth, are employed in medicine, in
any form. The others are rare elements of no practical
importance.

ANTIMONY. (Stibium.)
4 Symbol, Sb. Atomic weight,} 122.0.

Antimony is found in many minerals, but the chief
ore is stibnite, a trisulphide of antimony, Sb,S,. To
obtain the metal, the mineral is melted, when the sulphide
of antimony in a fused state is produced. This is roasted
in contact with air to convert it into oxide of antimony.
The crude oxide of antimony is then mixed with powdered
charcoal which has been saturated with a solution of erude
tartar, and the mixture is roasted. Or, the purified sul-
phide of antimony is fused with metallic iron; sulphide
of iron and metallic antimony results. The antimony is
then run into moulds. Antimony is a silver-white metal,
hard, brittle, and may be powdered in a mortar. It forms
a crystalline mass, has the specific gravity of 6.7 or 6.8,
and melts at 425° C. Cold air does not affect it, but it
oxidizes when heated in the atmosphere, and volatilizes
if heated in a cucrent of hydrogen gas. Dilute sulphuric
acid does not affect it, but both cold nitro-muriatic acid
and hot hydrochloric acid dissolve it, and hot sulphuric
acid produces with it sulphate of antimony. Phosphorus,
arsenic, and members of both the chlorine and sulphur
group of elements unite with it directly. Autimony is

T Recent experiments of Prof. Jos, P. Cooke give 120 as the atomic
weight of antimony.
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used in making some alloys, and a form of the metal pro-

.duced by precipitation with zine from solution of trichlo-
ride of antimony is known in the arts as antimony black,
and is used to give to models and casts a surface which
resembles steel. This must not be confounded with the
ordinary black antimony of commerce, which is purified
and powdered trisulphide of antimony.

/ .Antimon]z and Potassium Tartrate.t— Formula,
C,H,K(SbO)O,;. Molecular weight, 324.64.

Synonyms.— Antimonii et potassii tartras. Tartrate of
antimony and potassium. Tartar emetic. Antimonium
tartaratum.

This preparation has been used in medicine many years.
It is made by dissolving oxide of antimony in solution of
bitartrate of potassium, and permitting the crystals to
separate. The following is essentially the process of the
U.S8. P. Mix two troy ounces of powdered oxide of
antimony with two and one-half troy ounces of bitartrate
of potassium, and mix the powder with sixteen fluid
ounces of water and boil for an hour, supplying water to
replace that which evaporates. Filter the solution while
hot and place the filtrate in a cool situation to crystallize.
Tartar emetic is always powdered before it is thrown upon
the market. The crystals are colorless and transparent
when recent, but become opaque upon exposure to the air
from loss of water. They have the formula,

2(c,H,K(8b0)0,).H,0,
and impart at first a sweetish taste, followed by a strong
metallic impression. The important impurity to be
anticipated is cream of tartar, and this may be detected
“Dby dissolving twenty-four graius of the salt in a fluid
ounce of warm water, and cooling the solution to 10° C.
(50° F.), when, if unadulterated, it will remain clear.”

;Recent experiments by Prof, F. W. Clarke and H. Stallo,
indicate that this compound is the potassium salt of a complex
acid—HSbC,H,0:. From this view the molecule of tartrate of
antimony and potassiam would be represented by the formula
KSbC,HOy. (See American Chemical Journal, vol. ii. No. 5.)
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Arsenic (National Dispensatory) is also liable to be pres-
ent (from the oxide of antimony) if the solution of the
salt has been evaporated very low before crystallization.
This impurity is not likely to occur if care be used in the
operation. Thre certain detection of small portions of
arsenic is rather troublesome. (See page 155.) It is
proposed to detect arsenic in tartar emetic by heating a
few grains of the salt in a dry test tube until it blackens
and gradually reaches redness. Arsenic will be present
if a perceptible odor of garlic is evolved. Tartar emetic
isa violent emetic, and in over doses,an irritating poison.
The treavment for this and poisoning by other salts of
antimony is given under antimony trichloride, or butter of
antimony.

Antimony Trichloride.—Formula, SbCl,. Molccular
weight, 228.11.

Synonym.—Butter of antimony.

At one time butter of antimony was made by dissolv-
ing trisulphide of antimouny in hydrochloric acid, evapo-
rating the solutiow to small bulk, and then distilling the
product. It was a white crystalline semi-transparent
mass. At present the “butter of antimony” of com-
merce is a solution of trichloride of antimony, obtained
by dissolving one part of trisulphide of antimony in four
parts of hydrochloric acid by means of heat, and after
filtration of the solution, evaporating it until it is reduced
to two parts. It is impure from presence of iron and
other metals, and has in consequence a red color. If
distilled, a colorless solution of SLCI, results, but this,
for use as a caustic, possesses in reality little advantage
over the crude butter of antimony. Butter of antimony
is a powerful and penetrating caustic, and is a violent
poison.  In cases of poisoning by this or other prepara-
tions of antimony, infusions of astringents, tannic acid
in solution, or magunesia in milk, should be given. Fortu-
nately tartar emetic causes violent vomiting, so that the
use of emetics is unnecessary, but in case vomiting does
not follow, the stomach pump must be used.
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Antimony Trioxide. — Formula, Sb,0,. Molecular
weight, 291.83.

Synonyms.— Antimonii oxidum. Oxide of antimony.

This occurs native as the mineral valentinite. It may
be made artificially by dissolving su]phide of antimony
in hydrochloric acid mixed with nitric acid, then diluting
the solution with water and washing the precipitate until
it ceases to be of acid reaction. The mass is then warmed
with carbounate of sodium, and washed until the washings
do not affect solution of nitrate of silver. The precipitate
is then dried. The explanation of the process is as follows :
Sulphide of antimony dissolves in hydrochloric acid to
form antimony trichloride, SbCl,, sulphide of hydrogen
escaping, thus : —

Sb,S, + 6HCl = 2SbCl, 4 3H,S.

Antimony Hydrochloric Antimony Hydiogen
sulphide. acid. trichloride. sulphide.

The nitric acid present forms ferric chloride with the
iron, which is separated by subsequent washing from the
precipitated basic antimony chlorides. These ave con-
verted by washing with water into more basic oxy-chlo-
rides, which ultimately, by the action of carbonate of
sodium, form, by double decomposition, trioxide of anti-
mony, and chloride of sodium. The preparation of this
substance is very disagreeable, unless flues be provided to
carry off the deleterious fumes, and few care to perform
the “operation for the sake of experiment. Oxide of
antimony is a pale grayish-white powder, insoluble in
water, but very soluble in warm hydrochloric acid, tartaric
acid and caustic alkaline solution. It turnsyellow when
heated, but assumes its natural tint upon cooling. It fuses
at a red heat, forming a deep yellow liquid, which upon
cooling forms a semi-crystalline mass, of a buff color.
Oxide of antimony is seldom employed excepting in the
preparation of tartar emetic.

Other Ozides of Antimony.—There are two oxides of
this element besides trioxide. These, antimony tetrozide,
Sb,0,., and antimony pentoxide, Sb,0O;., are of no use in
medicine,
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Antimony Trisulphide —Formula, Sb,S,. Molecular
weight, 339.94.

Synonyms.— Antimonii sulphuretum. Sulphuret of an-
timony. Black antimony. Crude antimony.

The common mineral of antimony is this sulphide. We
mentioned this fact when treating of the metal and its
production, and described the manner in which the sul-
phide is prepared as a step in obtaining metallic antimony.
If the crude fused sulphide is powdered we have the black
antimony of commerce. It contains various metallic sul-

hides, such as iron, lead, copper and sulphide of arsenic,
Eut these seem not to affect its use for general purposes.
In preparing the salts of antimony for medicinal use such
impurities are separated. Crude trisulphide of antimony
occurs in asses of an ash gray color when broken and
presents a metallic fracture. It yields a more or less black
powder, and it is said that this as found in commerce is
liable to adulteration with powdered coal. This can be
detected by dissolving the sulphide in hot muriatic acid,
when coal will remain.  This compound may be made in
a state of purity by passing a current of sulphide of hy-
drogen through solution of trichloride of antimony. An
orange-red precipitate of hydrated trisnlphide is produced,
and this upon drying and heating becomes anhydrous,
forming a deep black powder.

Antimonium Sulphuratum, or sulphurated anti-
mony, is a mixture of trisulphide (Sb,S,) and pentasul-
phide (Sb,S;), with small amounts of trioxide (Sh,0,)
of antimony. = It is a reddish-brown powder, and is made
by boiling together a mixture of antimony trisulphide,
liquor potassee, and distilled water, and adding to the so-
lution snlphuric acid until it ceases to produce a precipi-
tate. This precipitate is to be well washed with distilled
water, and dried It seems strange that a mixture such
as the above should, at this day, occupy a position in both
the Pharmacopeia of the United States and of Great
Britain ; yet such is the case
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Antimonii Oxysulphuretum, U. 8. P., or ozysul-
-phuret of antimony, has somewhat of a reputation uuder
the name, Kermes mineral. This is a mixture of trisul-
phide of antimony (8b,S,), and trioxide of antimony
(3b,0y). It is made by boiling trisulphide of antimony
with a solution of carbonate of sodium, permitting the mix-
ture to subside, and draining and washing the precipitate.
This is a soft powder, of a more or less reddish-brown
color. It is odorless and tasteless, and by means of a
microscope is shown to be a mixture of amorphous anti-
mony trisulphide and crystalline antimony trioxide.

Antimony Pentasulphide, Sb,S;.

This compound is known as golden sulphuret of anti-
mony. It is a yellowish-red powder, soluble in solutions
of the alkalies, and carbonates of the alkali metals. Itis
almost out of use in medicine.

In addition to the compounds of antimony. we have
mentioned there are many others which are of interest to
the general chemist, but of no importance in medicine.

Tests for Antimony.—If a compound of antimony be
heated on a carbon splinter a metallic bead results. Arse-
nic under like circumstances is volatilized. If a com-
ponnd of antimony be introduced into the flask (A fig. 50)
and the experiment be conducted according to the direc-
tions given for testing for arsenic (page 154), a metallic
stain will result. This can be distinguished from arsenic
in the manner directed upon page 155. The antimony
film is soluble in chlorinated soda solution, NaOCI (La-
barraque’s solution), and sulphide of ammonium.

BISMUTH.
Symbol, Bi. Atomic weight, 210.0.

This metal is found native, and as the trioxide, Bi,O,,
and, to a slight extent, as the trisulphide, Bi,S,. TItis
found sparingly in several minerals. Bismuth was for-
merly known under the namé ma¥reasite. The metal is ob-
tained from the ore by processes unnecessary for us to
consider, one being simply to heat the ore and run the

impure molten metal into pots.
29
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Crude metallic bismuth contains, as impurities, arsenic,
copper, iron, silver, and often other metals. It may be
purified according to the B. P. by melting it in contact
with potassium nitrate and stirring the mixtuve well until
a solidified slag forms upon the surfuce of the metal.
The bismuth of commerce is usually contaminated with
arsenic, and often with silver, both of which, manufac-
turers of the bismuth salts separate during the process of
manipulation.

Properties.—Bismuth has a grayish-white color with a
reddish tinge when viewed from certain positions, and it
has a bright metallic lustre. It may be obtained in form
of crystals by melting a pot of bismuth and breaking the
‘crust which forms upon the surface as it cools, and then
Eouring out the liquid. Bismuth melts at 270° C. and

as thie specific gravity 9.823 (Holzmann). It unites di-
_rectly with chlorine and the other elements of that group,

and is readily dissolved by diluted nitric and nitro muri-
atic acids. It is insoluble in cold hydrochloric and sul-
phuric acids, but dissolves in hot sulphuric acid with for-
mation of sulphur dioxide. '

Bismuth forms valuable alloys, one, fusible metal, com-
posed of bismuth, lead, tin, and cadmium, being used in
the arts for stereotyping, and for making models. This
metal fuses-at a temperature less than the boiling point
of water, and has the important property of expanding
_during the act of solidification, thus filling the mold per-
fectly.

" “Bismuth forms four oxides:— ‘
Bismuth dioxide......cccoeveiiiiiniiiiieens 00 Biy 0.
Bismuth trioxide..coceess viveeeiniinniiineinnnn. Big Oy
Bismuth tetroxide ..... e eeeevener vennan e Bi, O,
Bismuth pentoxide...coecevunieniiens veveinnn . Biy 05,

None of the above are used in medicine.

Bismuth trihydroxide, Bi(OH)s,, is easily made by pre-
cipitating a solution of trinitrate of bismuth with solution
of caustic potash, thus:—

Bi(NO,), + 3KOH = Bi(OH), + 3KNO,.

Rismuth Caustic . Bismuth . Potassium
trinitrate. potash.. - --‘trihydroxide. nitrate.
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This is not used in medicine, but with acids forms salts,
_thus:—

. Bi(OH), + 3HNO, = Bi(NO,), + 3H,0,
Rismutn Nitric lrtmtrmu Waier.
trihydroxide. acid. of bismuth.

It dissolves in solution of citrate of ammonium to form
ammonio-cilrate of bismuth.

Bismuth Carbounate. — Formula, 2(Bi0),CO,.H,0.
Molecular weight, 1041.50.

Synonyms —Bismuthi subcarbonas. Subecarbonate of
bismuth. Basic carbonate of bismuth. Carbonate of
bismuth.

This compound may be made by pouring a solution of
trinitrate of bismuth into a solution of carbonate of am-
monium, when the basic bismuth carbonate precipitates.
According to the Pharmacopeia of the United States it
is made by a round-about process, designed to separate
arsenic from crude bismuth, carbonate of sodium being
finally employed as a precipitant.

Subcarbonate of bismuth is usually of a yellowish-white
color, but when freshly precipitated it is white. Some-
times it is very light and bulky as found in market, and
again it is heavy : and compact. This variation results in
accordance with the temperature of the solutions em-
ployed during precipitation.

Subearbonate of bismuth dissolves in nitric acid, and
if lead and chlorine are absent will not yield precipitates
upon the addition of dilute sulphuric acid or solution of
nitrate of silver. Arsenic may be detected by Marsh’s
test, or by placing a little of the subcarbonate of bismuth
in a test-tube with some liquor potasse, and plugging
the mouth of the tube with a piece of cotton moistened
with solution of nitrate of silver.  Upon l)ollmg the
liquid, the cotton will turn black or gray if arsenic is
present.  Silver is shown by the action of light upon
that portion of the subearbonate next the bottle, turning
it a gray color. Sulphide of hydrogen will affect bismuth
subearbonate in this manuer, turning it gray, therefore
the absence of this article must be insured.
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Bismuth Citrate.—Formula, BiC,H,0,4-Aq.

Dissolve ten parts of subcarbonate of bismuth in fifteen
parts of nitric acid ; carbon dioxide escapes and trinitrate -
of bismuth results. Dilute this solution with fifteen parts
of water, and dissolve in it nine parts of citric acid. Add
to this, with constaut stirring, a solution of eaustic potash,
nine and one-half parts in eighty parts of water; a white
precipitate of hydrated citrate of bismuth results.t This
can be freed from nitrate of potassium by washing. Ifdried
it forms a white powder. This preparation is not employed
in medicine, but if the moist and well washed precipitate
be dissolved by the addition of a little ammonia water, a
clear solution results which may be obtained in scales after
the mauner of making ammonio-citrate of iron. This is
known as—

Bismuth Ammonio-citrate, and is employed exten-
sively in this country, being, in fact, the only solution of
a bismuth salt employed in medicine. The equation ex-
pressing the reactions which take place in making citrate
of bismuth may be expressed as follows:—

(Bi0),CO,; + 6IINO, = 2Bi(NO,), + H,CO,4 2H,0.

Bismuth Nitric Rismu'h Carbonic Water.
subcai bonate. acid. trinitrate. acid.

This explains the part of the reaction which results
between the subcarbonate of bismuth and the uitric acid.
The addition of water and citric acid produces no change
until the potassium hydroxide is added, when the follow-
ing results :—

Bi(NO,), 4+ H,C,H,0, + 3KOH + 3NH,0H=

Bismuth tri-nitrate.  Citiic acid. Caustic potash. Ammonium hydrate.
Bi(OH), (NH,),C,H,0, + 3KNO, + 3H.0.
B.smuth ammonio-citrate. Potassium nitrate W-ter.

+ Some discussion has resulted from the study of this com-
pround and ammonio-citrate of bismuth. Authorities arc by no
means agreed as to the chemical reactions which take place, or
the constitution of the double salt which results. Wo prefer to
consider that citrate of hismuth has the formula BiCsHs0:. and
that ammonio-citrate of bismuth is represented hy Bi(OH);-
(NH,):CsH,0:4-Aq. thus in reality being a basic citrate of bis-
muth, or, if some 8o choose to consider, a solution of tri-hydrox-
ide of bismuth in citrate of ammonium.
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The British Pharmacopeeia prepares an impure ammo-
nio-citrate of bismuth, and recognizes it as liquor bismuthi
et ammon@ citratis. It is contaminated, however, with po-
tassium nitrate, and such as desire a solution of a bismuth
citrate may well prefer the preparation made as we have
indicated. This is sold on the market under the name
liquor bismuthi.

Bismuth Trinitrate.—Formula, Bi(NO,),. Molecular
weight, 395.67.

Synonyms. — Nitrate of bismuth. Acid nitrate of
bismuth.

This salt is of no use in medicine. It is made by dis-
solving metallic bismuth in dilute nitric acid. Crystals
of the composition, Bi(NO;);.3H,0, are obtained upon
evaporation of the solution and subsequent crystallization.
These crystals are colorless and transparent, deliquesce
in the air, and by heat are decomposed, finally leaving
trioxide of bismuth. If a solution of trinitrate of bis-
muth be poured into cold water, a basic nitrate (oxy-
nitrate) is produced as an insoluble precipitate. This is
used extensively in medicine under the name—

Bismuth Sub nitrate.

It has the composition Bi(OH),NO;, or BIONO,.H,0,
as some prefer. This is a heavy erystalline white powder,
which is odorless, and not of an acid taste. It reddens
moistened blue litmus paper, and dissolves perfectly in
nitric acid. It should not show the presence of arsenic
by the test we have given under bismuth sub-carbonate
(page 339), although much of the sub-nitrate of' bismuth
of the market is contaminated with traces of that ele-
ment.t Silver will sometimes be present in sub-nitrate
of bismuth in amounts sufficient to produce a gray color
upon exposure of the salt to light.

t Admitting this point the writer is still of the opinion that the
expressed fears of poisoning from this source are much overdrawn.
although occnsionally it is present in considerable proportion. Tam
inforined by Mr. Charles Rice that he has a san:ple of subnitrate of
bismuth that containg one per cent. of arsenic.
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Bismuth Oxy-chloride, BiOCI, or BiCl,Bi,0,.11,0,
is a white powder employed as a cosmetic. It may be
made by pouring a solution of trinitrate of bismuth into
a solution of chloride of sodium, or by dissolving the
trichloride of bismuth in an excess of water. The other
bismuth compounds are not of therapeutical interest,
although a tannate and a valerianate of bismuth have
been mentioned.

Tests for Bismuth.—If sulphide of hydrogen be passed
through the solution of a bismuth salt, a black-brown
sulphide results. This refuses to dissolve in ammonium
sulphide but dissolves in nitric acid. If solution of po-
tassium chromate be added to the solution of a bismuth
salt, a yellow precipitate results. This dissolves in dilute
nitric acid, and is insoluble in solution of caustic potash.

TANTALUM AND NIOBIUM.

These two elementsare generally found associated, both
are rare and neither is of any practical use.

TANTALUM.
Symbol, Ta. Atomic weight, 182.0.

Tantalum was discovered in 1803, by Ekeberg ; it has
never been obtained pure, although Berzelius produced a
black powder capable of assumiung a metallic lustre. This
burned to an oxide when heated in the air, dissolved in
hydrofluoric acid, hydrogen being evolved. It united
with sulphur vapor and chlorine gas when heated in
either, burning brightly. Tantalum forms two oxides,
tantalum tetroxide, Ta,O, and tantalum pentoxide, Ta,O,.

NIOBIUM.
Symbol, Nb. Atomic weight. 94.0.

It was discovered by Hatchett (1801), in an American
mineral, Columbite, and named by him Columbium. It
was afterward assnmed (Wollaston) to be identical with
tautalum, but Rose, in 1846, positively showed that the
two elements existed, giving the name Niobium to that
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which had nearly half a century previously received the
name Columbium. Niobium (Columbium) was obtained
in a film by Bowstrand, and as a steel-gray crust by
Roscoe. It is soluble in sulphurie acid, but not in the
other mineral acids It forms three oxides, and a hy-
droxide. The sults of Niobium are of no use.

VANADIUM.
Symbol, V. Atomic weight, 51.2,

In 1801 Del Rio discovered this element in an ore from
Mexico, vanadate of lead. He named the new element
Erythronium from its red color, but his conclusions were
distrusted and considered erroneous. Sefstrom again
discovered it in 1830, and gave it the name Vanadium. 1t
is made pure by reduction of the dichloride in hydrogen
gus, a difficult and tedious experiment. Vanadium is a
whitish -gray colored powder, appearing under the miero-
scope as a brilliant metallic crystalline mass. It oxidizes
very slowly in the air, but burns brightly in a flame, or
when it is heated in oxygen gas. Its specific gravity is
5.5. It is violently oxidized by nitric acid, dissolves in
hydrofluoric acid, but neither cold hydrochloric nor sul-
pharic acid, dilute or concentrated, affects it. Vanadium
forms five oxides, all of which produce salts. It is un-
necessary for us to describe these, as neither the metal nor
a single salt of it is of any medicinal use.; One pecu-
liavity of vanadinm is its property of uniting directly
with nitrogen. The affinity between these substances is
such that oxide of vanadium gives np its oxygen, and the
metal unites with nitrogen, when the oxide is heated in
an atmosphere of mixed nitrogen and hydrogen.

t The salts of Vanadium nre now used in dyeing. nnd for making
black ink, and for dyeing. The ore is supplied from Swedish mines.
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THE GOLD GROUP OF METALS.

GOLD. PALLADIUM. PLATINUM.
IRIDITM. RHODIUM. RUTHENIUM.
OSMIUM.

Gold and Platinum refuse to unite directly with oxygen,
even when heated in that gas.

Pualladium, Rhodium and Iridium unite with oxygen
when gently heated in the air, but these oxides decom-
pose when the heat is increased, oxygen escapes and the
element remains.

Ruthenium and Osmium unite with oxygen and give
rise to volatile oxides which do not decompose at any
temperature.

The lower oxides of the foregoing group act as weak
bases, the higher oxides are acid producers.

Gold is the only metal of this group of elements that
is used in medicine.

GOLD. (Aurum.)
Symbol, Au. Atomic weight, 196.2.

Gold was named from its lustre or shining color. Tt is
generally found uative, alloyed more or less with silver,
It is also found in some minerals in combination, and is
present in the waters of the ocean. It is very widely dis-
tributed, being found in almost every country of the globe.
The processes for its extraction from sand and quartz are
well understood, and do not require mention by us. Gold
has heen considered a precious metal since the earliest times,
and is the only element having a bright yellow color. It
crystallizes in the regnlar system, and when small, natural
crystals are found connected together, “in hair-like fila-
ments,” it is termed moss gold. Gold is the most ductile
of motals and to such an extent can it be hammered, that
280,000 thicknesses of gold leaf will only ocenpy one inch
in thickness, and one erain of vold will gild two miles of
silver wire. Gold may be so finely divided by precipita-
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tion that, notwithstanding the specific gravity of the
metal, it remains suspended in ‘water, imparting to the
mixture a blue color by transmitted light, and a purple-
red color by reflected light. Gold leaf permits the pas-
sage of light, and in this case the green ray is transmitted.
Gold has the specific gravity 19.265 (Matthiessen), and
melts at 1381° C. (Pouillet). It remains unaltered by
exposure to water or oxygen of any temperature and for
any length of time. Pure gold is very soft, and for
coinage and for jewelry requires to be alloyed with other
metals. - For this purpose both copper and silver are em-
ployed ; if copper, a red color is imparted to the alloy,
the silver alloy being light yellow in color.

Gold trinkets are sold according to a certain percent-
age of gold, the standard of which is called “ carat.”
Thus, 24 carat is pure gold, and 22, 18, 15, 12 carat,
etc., signify such proportions of pure gold in twenty-four
parts of the alloy. Gold forms an amalgam with mercury,
and occasionally is found native as an amalgam. Gold
is not affected by even the concentrated mineral acids,
but a mixture of muriatic and nitric acids dissolves it freely,
nascent chlorine being the agent, and which combines
with the gold to form chloride of gold, or gold trichloride,
AuCl;. There are two known oxides of gold, neither
produced directly from the metal.

Gold Monoxide, or aurous oxide, Au,O, may be
made by decomposing aurous chloride (AuCl) with solu-
tion of caustic potash. Gold trioxide or auric oxide, An, 0Oy,

is obtained by heating the hydroxide to 100° C. (212° F.)
Gold Hydroxide, or trikydrozide of gold, Au(OH),,

is made by heating a solution of trichloride of gold
(AuCly) with calcined magnesia, and afterward washing
the precipitate well with nitric acid.

Fulminating Gold.—This is ammoniacal auric oxide,
Au,0,(NH,),. It is made by acting upon gold hydrox-
ide with ammonia. There is a simpler process for making
this compound, but none should make it for experiment,
and we do not care to give it. Fulminating gold is among
the most dangerous of expiosives, a jar being sufficient to
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cause its decomposition. Gold gives rise to two classes of
salts, aurous salts and auric salts. These follow the gen-
eral rule for such compounds, the proportion of gold in
the aurous salts being greater than that of the auric salts,
thus :—

Aurous chlortide..cccvveeivieenieivieieiernennn. AuCl.
Auric chloride coovevveeiviviiiiiiviies cvvenenn. AuCl,.
Aurous bromide....cccocveveen cee v iveeeerene., AuBr.
Auric bromide....ocovenreiiniiniiniiinn. eee. AuBr,.

One salt of gold is used in medicine, the—

Auric Trichloride, or chloride of gold, AuCl;.—To
%repare it, dissolve gold coin it nitro-muriatic acid.

vaporate the solution to dryness, dissolve the residuum
in water, and pour the solution into an excess of solution
of sulphate of iron (ferrous sulphate). A black precipi-
tate of metallic gold is produced. This must be well
washed by decantation, dissolved in nitro-muriatic acid,
and the solution evaporated to dryness. The rvesidue is
now to be dissolved 1n a little water and filtered, and the
filtrate evaporated to dryness, when the salt must be im-
mediately placed in well stoppered vials. Chloride of
gold has a dark red color in mass; if powdered it is yel-
lowish red. There should be no greenish tinge, and the
salt should dissolve perfectly in alcohol, ether and water.

Chloride of Gold and Sodium.

There is a double salt of chloride of gold and chloride
“of sodium. It has the composition NaAuCl,2H,0, and
is made by adding chloride of sodium in proper propor-
tion to solution of chloride of gold and afterward evapo-
rating the solution to crystallization. The crystals are
rhombic prisms, permanent, and of a yellowish red color,
and are the chloride of gold and sodium of the French
Codex. In this country, however, chloride of gold and
sodium is made by dissolving equal weights of chloride of
gold and chloride of sodinm in water, and evaporating the
solution to dryness. This has an orange-yellow color and
is the form of gold mostly employed in medicine. The
other salts of gold are unimportant from a therapeutical
point of view.
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Tests for Gold—Add solution of sulphate of iron to
the solution of any salt of gold, a black precipitate is
produced. Rub this between two smooth metallic sur-
faces, a bright yellow metallic luster results. Add the
precipitate to concentrated nitric acid, it will not dissolve.
Add now hydrochloric acid, solution results.

2. Add solution of ferric chloride to solution of stannous
chloride (SuCl,) until a permanent yellow color is pro-
duced. Dilute this solution. Then place the solution to
be tested for gold in a beaker glass upon a sheet of whiteg
paper. Dip a glass rod into the mixed iron and tin solution,
then draw it through the liquid within the beaker. If a
trace of gold is present, a blue or purple streak will follow
the glass rod. (Galloway.) This test is upon the principle
that stannous chloride produces the “ purple of Cassius ”
with gold solutions. If a drop of the solution of a salt
of gold be placed upon a sheet of paper, and a drop of
solution of stannous chloride be added, a purple-red color
results.

PLATINUM.
Symbol Pt. Atomic weight, 196.7.

Platinum has been known since the middle of the six-
teenth century, but it did not attract general attention
until. two centuries later. Platinum is found in small
amounts in most countries, but a comparatively few loeal-
ities furnish the platinum of commerce. Platinum is
only found in the native state, but this is usnally impure,
being contaminated with all of the elements of this group,
and iron, copper, and other substances. It is occasionally
found crystallized as cubes, but usually in the form of
flattened or irregularly shaped grains. Pure platinum hasa
white color, the specific gravity 21.5 (Deville and Debray),
and is soft as copper. It can be readily melted at a white
heat. It is (excepting gold and silver) the most malle-
able of all metals. Platinum refuses to melt at the great-
est temperature of a blast furnace, if in large mass. A
very fine wire fuses in the flaime of a Bunsen jet, and
considerable amounts can be melted in the oxy-hydrogen
flame. Heated platinum permits the passage of hydro-



348 CHEMISTRY OF MEDICINES.

gen gas through it with comparative rapidity. This is ex-
plained upoa the principle that the surface next to the gas
absorbs it readily, and the outer surface throws it off.
The vapors of many inflammable liquids, and certain
gases, will cause a thin sheet of platinum to become red-
hot, often attended by ignition or even explosion. This
can be shown by holding a clean, warm, piece of platinum
foil in x stream of dry hydrogen gas as it escapes into the
atmosphere. The foil quickly becomes red-hot and the”
hydrogen is ignited.

Spongy platinum is a form of metallic platinum which
presents a very large surface. It is made by igniting the
double chloride of platinum and ammonium. It has the
power of condensing large quantities of oxygen. Pla-
tinum black is another form of platinum. It is a black
powder, and when carefully prepared in a vacuum absorbs
oxygen so rapidly upon exposure to the air as to become
red hot.  Platinum is valuable to the chemist. It is not
affected by oxygen, water, and sulphuric or nitric acid,
at any temperature, therefore platinum crucibles and re-
torts are used for many experiments where other metals
would be useless. Mauy alkalies, alkaline cyanides, burn-
ing charcoal, phosphorus, arsenic, (sulphur if alkali is
present), and metals, attack platinum crucibles. Care
must be taken, therefore, to guard against such bodies.
Platinum should retain its brightness, and should not
lose weight in either boiling nitric or hydrochloric acid.

Platinum dissolves readily in nitro-muriatic acid, chlo-
roplatinic acid, H, PtCl; being formed. This is usually
called chloride of platinum. The hydrogen of this acid
replaced by different metals forms salts, and it combines
with many alkaloids to form insoluble compounds. For
this reason the acid (so-called chloride of platinum) is of
use in organic analysis as an alkaloidal reagent. TIn all
cases the absence of ammonia must be ensured, as it forms
ammonium platinichloride with chloroplatinic acid. This
is a very insoluble salt of the composition (NH,),PtCl;,
and which may readily be taken for the precipitate of an
alkaloid.

>
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There are two classes of salts of platinum, platinous
sa}]ts and platinic salts, of which the following are exam-
ples:—

{ Platinous chloride, or platinum dicbloride. . P(Cl,,.
Platinic chloride, or platinum tetrachloride PtC1,5H,0.
Platinous iodide.. cevs voernr coveeve cevvevnen PUI

{ Platinic iodide........ et e e P,

In addition there are many and complex compounds of
this element with other substances, of great interest to
students of pure chemistry but of no practical value. -

PALLADIUM.
Symbol, Pd. Atomic weight, 106.2.

This element was discovered in 1803, by Wollaston, and
named from the planet Pallas, which was discovered during
the preceding year. It is found associated with most
platinum ores, and is often found alloyed with gold. It
is usually obtained as a by-product during the purification
of platinum, but the metal is occasionally found tolerably
pure (usually containing iridium and platinum) in the
form of grains like platinum, which we have described.
Palladium has a white color, specific gravity 11.4 (Deville
and Debray), and melts more easily than any other metal
in the gold group of elements. It assumes upon the sur-
face a dark blue or a violet color when it is heated to dull
redness, but at high temperatures it regains its brightness.
Hot nitric acid, and hydrochloric acid into which chlorine
is passed, dissolve it. Palladium has been used in the
arts to a slight extent. It is unalterable in the air and
has, therefore, been employed to coat astronomical instru-
ments. It does not alter when it is exposed to sulphide
of hydrogen, therefore dentists have employed it instead
of gold. None of the compounds of palladium are of
practical interest.
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RHODIUM.
Symbol, Rh. Atomic weight, 104.1

Wollaston discovered this clement, and named it in
reference to the rose red color of its salts. It usually
occurs in platinum ore, and is obtained from the solution
which remains after precipitation of ammonium platinic
chloride. Rhodinm has the specific gravity 12.1 (Deville
and Debray), and the color and appoarance of alumini-
um. It is one of the most difficult of elemeuts to fuse,
platinum melting at a lower temperature.. Rhodium, if
pure, is almost insoluble in acids, not excepting nitro-
muriatic acid, but if it be alloyed with mauny other ele-
ments it dissolves in the latter named compound. Rho-
dium is rare, and its salts are of no value in the arts or
in medicine.

IRIDIUM.
Symbol, Ir. Atomic weight (Tennant), 196.7.

This element was discovered by Tennant, in 1803 and
1804, in the residue left from solution of platinum ore, in
which it is found as an alloy. Iridium has the specific
gravity of 22.38, and when polished, resembles polished
steel. It is slightly malleable at a white heat, but is very
brittle when it is cold. Spongy iridium may be prepared
after the mauner for making spongy platinum ; this will
oxidize in the air, but the metal in mass will not oxidize
at all. Pure iridium will unite with chlorine at dull
redness, but nitro-muriatic acid will not affect it, unless
the metal be alloyed with platinum, in which case this
acid dissolves it. When alloyed with platinum, (iridium
one part, and platinum nine parts,) it forms the standard-
metal which is used to make standard measuves. This
alloy is very hard, very elastic, and perfectly unchangeable
in the air. Tt takes a high polish, and melts at a higher
degree of temperature than is required to fuse platinum.
The compounds of iridium are of no interest to physi-
cians or pharmacists.
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RUTHENIUM.
Symbol, Ru. Atomic wcight, 103 5.

This element is found in platinum ore. It was first
positively identified by Claus (1845), although Osann
(1828) stated that platinum ores from the Ural mouutains
contained three new metals. One of these he named
ruthenium, and as Mr. Claus actually found it in small
quantity in the substance Osann had prepared for ruthe-
nium oxide, he (Claus) accepted the name. The claims
for the other two elements Osann stated to have discov-
ered, were shown to be unfounded. Ruthenium has the
specific gravity 12.261 at 0° C. (32°F.) It is hard, brittle,
and excepting, osmium, the most difficult to fuse of the
metals of tlre gold group, likewise, excepting osmium, it
combines more readily with oxygen than any other metal
of the group. The pure metal combines with chlorine at
a red heat, but nitro-muriatic acid scarcely affects it.
Ruthenium is very rare, and is never employed in the
arts or in medicine either in elementary form or as a
compound.

OSMIUM.
Symbol, Os. Atomic weight, 198.6

Osmium was discovered by Tennant at the time he dis-
covered iridium (1804), and in the same ore. He named
it osmium after the peculiar odor of its oxide, which is
volatile. It is readily separated from the other members
of the gold group by taking advantage of this volatile
nature of the tetroxide (OsO,), and from this compound
Deville and Debray obtained the element.

Osmium is the heaviest known body, having the spe-
cific gravity of 22.477 (Deville and Debray), and it has
never been melted. For these properties it is remarkable
among metals, and also for the fact that to volatilize even
minute amounts of it, which can only be accomplished by
means of the oxy-hydrogen blow-pipe, is an extremely
dangerous operation.
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Osmium tetroxide, 0s0,, or osmic acid, is formed
by several processes. It possesses the most penetrating
properties, is the most irritating of any known substance,
and experimenters arve required to use the utmost eaution
that it does not escape into the atmosphere. Deville
nearly lost his sight from its action, after a very slight
exposure to its vapor, and a very small amount of the va-
por, if mixed with the air, will give rise to the most seri-
ous inflammation of mucous surfaces.

Osmiridium is the name given to an alloy of osminm
and iridium, and which is used for the points of gold pens.
This alloy will not oxidize, is not attacked by acids, and
is not magnetic. In counsequence of the latter property
it is used for the bearings of compasses. None of the com-
pounds of osminm are of interest to pharmachts.

We have now considered the last known element of the
gold group, and all of the known metals. We have en-
deavored to notice fairly each of the elements, and such
of their compounds as are used in pharmacy or in medi-
cine, excepting the carbon compounds included under the
section to follow.



ORGANIC CHEMISTRY.

Under this head we shall study such important con-
stituents of the vegetable and animal kingdoms, and their
derivations, as are used in medicine. At one time it was
supposed that all organic bodies were produced by what
is called wvital force, aund could not be made artificially.
Since that day many products of the vegetable aud of the
animal kingdoms have been artificially prepared, and the
old line of demarkation between orgauic and inorganic
chemistry is abandoned. At present the term organic
chemistry is applied to the study of carbon compounds,
and thus we may consider that the departmeunt to follow
is a continuation of the study of our last non-element,
carbon.

In this work, a fragment only of organic chemistry can
be considered, as the majority of the compounds are of
no interest in medicine - We shall not, therefore, endeavor
to closely follow the advanced views of theorists, as the
matter at our command will not permit a systematic
course, and without such it is useless to endeavor to grasp
the subject. Such as are generally interested in this im-
portant section of chemical science, are referred to works
devoted to organic compounds. Of first importance is
the combination of carbon and hydrogen, known as the
hydrocarbons.

SATURATED HYDROCARBONS.

The atom of carbon (C¥) can combine with four atoms
of hydrogen. Ifit is in combination with this number,
it is saturated and can not combine with another. Ifwe
have two carbon atoms combined in one molecule, each

30 (353)
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saturates one bond of attraction of the other, therefore,
only tiws additional hydrogen atoms can be taken up. If
now another carbon atom be introduced into the com-
pound, it will be necessary to also introduce two hydrogen .
atoms. Each of the aforenamed molecules will be saturated,
and in each the increase or decrease will be by the addi-
tion or subtraction of CH,. Such a series can be carried
theorvetically to infinity. The series is called homologous,
in consequence of cach compound differing from the one
below or above by abstraction or addition of CH,. As
examples we give the following graphic formule :—

H
H H—(IJ—H
H H—é—H H—-(l)—H
H—(l)—H H—(IJ—H H—(I)—H

k h i
Methaue (CH,).  Ethane (C:Hs).  Propane (CsHs)
Unsaturated Hydrocarbon Radicals

Saturated hydroearbons part with one atom of hydrogen,
the result being radicals known as alcohol radicals. These
radicals can not exist free, but they are basic in action
and Dbehave like metals, They displace the basylous
hydrogen from acids, and uniting with the acidulous radi-
cals form salts which are permanent. Thus from the
saturated hydrocarbon ethane C,Hg, we have C,H; by
abstraction of one atom of hydrogen, which is theoreti-
cally the radical of ordinary aleohol, aleohol being con-
sidered hydvoxide of ethyl, C,H;OH, (See alcohol.)
When the nnsaturated aleohol radical unites with an acid
radical, oxvgen, or with a haloid element, an ether is
formed, (see ethers).

ALCOHOLS.

There are a number of substances which the chet:nist
of the present accepts as alcohols, and which bear little
=blance to ordinary alcohol. The term alcohol is
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now applied to a large number of organic compounds
which seem to contain h) droxyl united “with unsaturated
hydrocarbon radicals (basylous). These radicals are some-
times called alcohol-radicals, and have various combining
powers, seeming to unite with one, two, three or more mo-
lecules of hydroxyl, thus' —

\lcohol rad: cnls Hvd “0X Alcohols

Ethyl.. .... C,H,+ OH = C,H,0H.... Eth)l.ulcohol
Ethylene...C, ‘H| +(()H),_C it (Oll)2 .Ethylene aleohol,
Glyceryl...C, JH. s+ (0OH);=C,H,(OH),..Glyceryl alcohol.

A large number of alcohols are known and recognized
by theovetical chemists, but few, however, are of use in
medicine. Many of these (glycerin for example) are not
classed by ordinary pharmacists and physicians with the
alcohols.

v Ethyl Alcohol.—Formula, C,H ,OH.

Synonyms.—Ethyl hydrate. Ethylic aleohol.

Alcohol results from fermentation of saccharine mat-
ters through the agency of yeast. In practical work we
believe that the stareh of grain is first changed into corn-
sugar (glucose), as follows :—

3C,H,,0;, + 1,0 = ZCGH,OO + C.H,,0,.
Starch. Wi uon Dextrin. Glucose.

The sugar or glucose then undergocs, under the influ-
ence of yeast the change—

C,1,,0, = 20,I,0H 4 2CO0,.
Glucose Alcohol. Carbon d.oxido.

In addition to alcohol, several incidental products, such

as fusil oil, result.

Pure (Absolute) Alcohol, can not be made by ordi-
. nary distillation, and to produce it the officinal spirit must
be distilled from freshly burned lime, carbonate of potas-
sium or calcinm chloride. Pure (absolute) alcohol has
the specific gravity of 0.794 at 60° F., a sharp, burning
taste and a pleasant odor. It dissolves iodine, bromine,
many salts of metals, most alkaloids, essential oils, resins,
“ete.  When it is mixed with 50 per cent. of water—



356 CHEMISTRY OF MEDICINES.

Proof Spirit results. This has the specific gravity
0.936 at 60° F. (15.5° C.) and is the standard of proof
adopted by the U. 8. Revenue service. The following
proofs are recognized.

Specific gravity, 0.931; per cent. alcohol, 52} ; second proof.

Specific gravity, 0.925; per cent. alcohol, 554 ; third proof,

Specific gravity, 0.920; per cent. alcohol, 58; fourth proof.

Stronger Alcohol, U. 8. P.—This has the specific
gravity 0.817.

Alcohol, U. 8. P.

Synonyms—Spiritus rectificatis. Refined spirit. Spirit
of wine.

This has the specific gravity 0.835, and contains eighty-
five per cent., by weight, of absolute alcohol. It has a
peculiar odor, but should not smell of fusil oil when di-
luted with water. Alcohol will mix with castor oil in all
proportions, the mixture being transparent. '

Diluted Alcohol is a mixture of officinal alcohol (s. g.
0.835) with an equal bulk of water. It has the specific
gravity 0.941.

When potassium or sodium is added to pure alcohol,
hydrogen gas is evolved, and ethylate of potassium, or of
sodium, is formed. When pure alcohol is mixed with an
excess of officinal nitric acid, oxidation and a violent re-
action ensue. If nitric acid be added in proper amount
to ordinary aleohol, and the mixture be distilled, nitrous
ether (nitrite of ethyl) and aldehyd result. If sulphuric
acid and metallic copper be added to the mixture of nitric
acid and alcohol, the production of aldehyd is much de-
creased (see spirit of nitrous ether). Sulphuric acid ab-
stracts the elements of water from aleohol, the result being
so-called sulphuric ether (sce ether). If one part, by
measure, of alcohol be mixed with oue part, by measure,
of water, contraction results, the mixture decreases in bulk
and increases in temperature. The admixture is imme-
diately followed by a copious separation of air bubbles,
which imparts a milky appearance that disappears quickly,
however, as the bubbles of air rise and escape. Alcohol
is extensively employed in the arts and in medicine.
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Methylic Alcohol —Formula, CH OH.

Synonyms—Wood naptha.  Wood spirit. Wood alco-
hol.  Pyvoligneous spirit. Methyl hydrate.

This substauce is practically produced by the destruc-
tive distillation of wood. It is, as first obtained, very
impure, from the presence of acetic acid and tarry pro-
ducts.  After several redistillations, and filtration through
charcoal, and redistillation from lime, it becomes colorless
and constitutes the wood alcohol of commerce.

Wintergreen oil is mostly methyl-salicylic ether, and
yields methylic aleohol and salicylate of potassium when
decomposed with caustic potash.  Methylic alcohol may
also be produced synthetically from methyl hydride
(CH,)). )

Wood alecohol of commerce is unfit for medicinal use,
and is usually very impure  When pure it is colorless, of
specific gravity 0.814, and burns with a blue flame. It
has a pecaliar odor which is very disagreeable to many
persons, and its vapor irritates and inflames the eyes. In
Eagland aleohol mixed with ten per cent. of methylic al-
cowol is made for pharmaceutical purposes, and is free from
government tax. In this country the law will not per-
mit such a course, our Pharmacopeeia does not recognize
(wisely, we think) wood aleohol, and if any use it in the
preparation of medicines it is an adulterant. In the
arts, however, wood alcohol is extensively employed, as
in varnish making, etc.

Amylic Alcohol.—Formula, C;H, ,OM,

Synonyms.—Fusil oil.  Amyl hydrate. Oil of corn.
Isopental alcohol. Fuselol.

This is a side product of the fermentation of grain and
potatoes. In this country fusil oil is produced in large
amounts by the Western refining distilleries, and it is used
exteusively by manufacturers of artificial fruit and liquor
flavors, as well as in the preparation of valerianic acid.
Fusil oil is colorless, of specific gravity 0.818, and boils
at 132° C. (about 270° F.) It has a penetrating, disa-

. greeable odor; a burning taste ; dissolvessome alkaloids,
and is soluble in alcohol and ether.  As found in commerce
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it is impure from the presence of ordinary alcohol, which
is best sepurated by repeatedly shaking the erude fusil oil
with fresh portions of saturated solution of sodium chlo-
ride, then distilling it from caleium chloride. Fusil oil
is poisonous, and the injurious effects of common whisky
(outside of the alcohol) are due to this article, which to a
great extent is separated by the refining process.

/ Glycerin.—Formula, C;H,30H.

Synonyms —Glyceryl hydrate. Glyceric alcohol. Pro--
penyl alcohol.

This is a sweet, viscid substance, and is obtained as a
by-product of the candle factories, resulting from the de-
composition of tallow. In the preparation of lead plas-
ter, glycerin is a result; aund at one time it was obtained
in this manuer.

Neutral fats and oils are, in fact, the ethers of propeny]
alcohol (glycerin) in which hydrogen is replaced by
the fatty acids. Thus, three molecules of stearic acid
(C,sH;;0,) may be said to be combined with glyceryl,
C,H;, to form the fat known as stearine, C,;H;3C ¢ ;,0,.
Glycerin is colorless and odorless, neutral to litmus paper,
of specific gravity 1.26 when anhydrous, but in commerce
is usually 1.25. Tt is soluble in water, alcohol, and
chloroform, but not in ether. It should not turn brown
if mixed with two measures of cold sulphuric acid, and
“when diluted with water, it affords no precipitate with
hydrosulphate of ammonium, ferrocyanide of potassium,
nitrate of barium, oxalate of ammonium, or nitrate of
silver.” TU.S. P.

When glycerin is heated over direet heat, it decomposes,
evolving irritating fumes; it distills, however, in a cur-
rent of superheated steam, and in commerce is purified in
this manner. It is remarkable as a solvent, dissolving
many salts, most vegetable tannates, tannin, and many
alkaloids. ~ Freshly precipitated tannate of quinine dis-
solves in glveerin to the extent of five grains to the fluid

o ounce, and the solution is scarcely bitter. When gly--
r\cm’in is heated with strong nitric acid, nitro-glycerin,
" H,(NO,),04 results, one of the most dangerous of ex-
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plosives. Dynamite is a mixture of nitro-glycerin and
sand.  Glycerin is extensively employed in medicine and
in the arts. Our Pharmacopeia recognizes a class of solu-
tions of medicines in glycerin, under the name “ glveerita.”
Mannite.—Formula. C;Hg.60H.

Synonyms.—Mannityl hydrate. Mannitic alcohol.

Manna is a white, concrete substance obtained from
the incised trunks of certain trees, from which it exudes
as a sticky, gummy, mass. It has a peculiar odor, and a
sweet taste, containing sugar, extractive matter and man-
nite. Mannite is easily obtained by boiling manna in
aleohol of the specific gravity 0.914, filtering the solution,
and permitting it to crystallize.  The crystals are purified
by re-solution and erystallization from aleohol. Mannite
is insoluble in ether; sweetish to the taste, and does not
respond to the potassium hydrate and potassium tartrate
test for glucose. It does not readily undergo the vinous
fermentation ; by the action of ordinary nitrie acid is first
converted into saccharie acid, and lastly into oxelic acid.
M:nna is used to a limited extent in medicine, but mannite
is of use neither in the arts nor in medicine, excepting as a
constituent of manna, where it exists to the extent of
ninety per cent.

Carbolic Acid, C,H,0H, is an alcohol of the aro-
matic series, and is known to chemists as phenyl hydrate.
In commerece it is ealled phenic acid or carbolic acid; we
have thought best to describe it among the acids proper
(page 91). Tt will not decompose the carbonates, and thus
may be said to differ from true acids, excepting hydrocy-
anic acid (HCN). Carbolicacid is sometimes called “coal
tar creasote,” and in an impure form has been mixed
with or sold for true—

Creasote,—This is a mixed product of the dry distil-
lation of wood. Tt is oilv: colorless; of specific gravity
1.046, U. S. P. (1.071 Br. P.) and is composed chicfly of
ereasol (CgH | ,0.).  Tn addition, creasote is said to con-
tain quaicol, C,Hz0,. and phlorol, CgH, 0. Tnasmuch
as true creasote is sometimes substituted by erude carbolic
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acid, we give the following as distinctions which have
heretofore been offered by various authorities, although
true creasote differs very much when derived from various
woods.

CREASOTE. CARBOLIC ACID. N

Not soluble in glycerin. Soluble in glycerin.

Does‘ not alter the appear- Precipitates gun cotton from
ance of collodium. . collodium as a gelatinous mass.

Yields a green color with al- Yields a brown color with
coholic solution of ferric chlo- alcoholic solution "of ferric
ride. chloride.

4~ ETHERS.

The basylous hydrocarbon radicals do not (as we have
said) exist singly in a free state, but they behave like
metals, and form salts by combination with acid radicals.
The salts formed by oxygenated acids are known as com-
pound ethers ; the salts of iodine, bromine, ete., as haloid
ethers ; the oxides of these unsaturated radicals are known
as simple ethers,and the hydrozides are alcohols. Thus, the
basylous radical ethyl, C,0;, which acts as a monad, by
combination with—

Hydroxyl (OM) yiclds common alcohol, C,H ,OH.

Todine (I) yields iodide of ethyl, C,H L

Acetic acid radical (C,H,0,) yiclds acetate of etbyl,
C,H,C,H,0,.

Oxygen (0) yields oxide of ethyl, (C,H,),0.

Of the above—

Common alcohol is ethyl hydroxide, C,H,.OH.
"Ethyl iodide is a haloid ether, C,H, L.

Ethyl acetate is a compound ether, C, 0, .C,H 0,
Ethyl oxide is a simple ether, (C,H;),.0.

The common sources of the unsaturated hydrocarbon
radicals are the alcohols, and from the alcohols we pro-
duce the corresponding ethers. Of the many known
ethers, a few only of the most common are employed in
medicine.

Simple Ethers.—Of these, two are of interest to
pharmacists and physicians. They are, as we have said,
oxides of unsaturated basylous hydrocarbon radicals.
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/ Ether.—Formula, (C,H;),0.

Synonyms.—Sulphuric ether. Ethyl oxide. Ethyl
ethylate.

Ether is made by distilling a mixture of alcohol and
sulphuric acid. The name, sulphuric ether was derived
from this fact, but pure ether is free from any sulphur
compound. In theory, the use of a limited supply of
sulphuric acid should produce an unlimited amount of
ether, as the acid is not consumed. In practice, however,
it is found that the water produced by dehydratiou of the
alcohol, together with the water and other impurities pres-
ent in ordinary alcohol, interferes with and at last stops
the operation. ~ The reaction which takes place when ether
is formed may be explained as follows. Alcohol and sul-
phuric acid first give rise to a molecule of water and a
molecule of ethyl-hydrogen sulphate, as explained by the
equation :— - _

C,H,0H 4+ H,80, = C,H,HSO, 4 H,O.

Alcohol. Sulphuric Ethyl ﬁydrogen Water.
acid. sulphate. ‘

The molecule of ethyl-hydrogen sulphate then reacts
with a fresh molecule of aleohol, the result being a mole-
cule of ether (ethyl oxide) and a molecule of sulphuric
acid, as follows :— R

C,H,HSO, | C,H;0H = (C,H;),0 + H,50,.
Ethyl-hydrogen sulphate. ~Alcohol. Ether. - Sulphuric acid.

. Pure ether has the specific gravity of 0.712 or 0.710,
boils at 93° or 94° F., and evaporates rapidly. It burns
quickly and the vapor mixed with air or oxygen explodes
when ignited. The Pharmacopeeia recognizes, « stronger
ether,” of specific gravity not exceeding 0.728, and “ether,”
0.750. These preparations contain alcohol. The last named
is ordinary ether. Tt should be neutral to litmus, and
evaporate without residue.

Methylic Ether.—Formula, (CH,),0.

Synonyms.—Methyl oxide. Methoxyl-methane.

Mix, in a flask, by slowly stirring the acid into the
alcohol, 1.3 parts of methylic alcohol with two parts of

31
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sulphuric acid. Then connect the flask by means of a
tube passing into a vial of alcohol. Upon heating the flask
gently, a current of methylic ether will low through the tube
and into the alcohol where it is dissolved. In the fore-
going reaction sulphuric acid abstracts the elements of
water from the methylic alcohol as shown by the equation,
2CH,0H—H,0=(CH,),0.

Methylic ether is a gas at ordinary temperatures, and
from this reason we may not expect it to come into gen-
eral use excepting in the form of solution. It is colorless,
has an ethereal odor, and dissolves in water, alcohol or
sulphuric acid.

L Haloid Ethers.—These are combinations of unsatu-
rated hydrocarbon radicals with members of the haloid
group of elements. They may be considered as the result
of displacement from saturated hydrocarbon radicals of one
or more atoms of hydrogen by the haloid elements. Or,
they may be classed as derivatives of alcohols by the dis-
placement of hydroxyl (OH).

Hydrochloric Ether.—Formula, C,H,CL

Synonyms.—Ethyl chloride. Chlorethane.

This is best made by saturating ordinary alcohol with
chlorine gas, and then distilling the mixture at a low
temperature. The gas is conducted through a wash-bottle
which contains a little warm water, and from thence .to
an ice-cold receiver. After condensation the ether is to be
agitated with some fragments of fused calcium chloride,
decanted and then redistilled. Hydrochloric ether is a
thin volatile liquid, of specific gravity 0.921. Tt boils at
12.5° C. (54.5° F.) and is soluble in ten parts of cold
water. This ether must not be confused with the so-
called chloric ether which is simply a dilute solution of
choroform in alcohol.

Hydrobromic Ether.—Formula, C,H,Br.
Synonyms.—Ethyl bromide. Bromethane.

This is made by distilling a mixture of amorphous phos- .
phorus 1 part, bromine 8 parts and alcohol 32 parts. The
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gas is purified by passage through a wash-bottle which
contains a little warm water, and then is condensed in an
ice-cold receiver. It israther unsafe to attempt the prepa-
ration of this ether, unless the operator is experienced.
Hydrobromic ether is volatile, heavier than water and
has an ethereal penetrating odor and taste.

Hydriodic Ether.—Formula, C,H;L

Synonyms.—Ethyl iodide. Iodethane.

This ether is made upon the principle of the production
of hydrobromic ether, iodine being substituted for the
bromine of that experiment. The reaction is explained
upon the assumption that iodide of phosphorus is first
produced, and this reacting with the alcohol produces an
acid of phosphorus and ethyl iodide. Hydriodic ether is
only made by such as have conveniences that guard
against explosions and combustion. It is colorless, of
specific gravity 1.9, has an ethereal odor, and decomposes
upon exposure to light.

Ethene Chloride.—Formula, C,H,Cl,.

Synonyms.—Ethylene chloride. Dutch liquid.

This ether is formed when olefiant gas (ethene) and
chlorine gas are mixed. It has an oily appearance, and
possesses a fragrant, ethereal odor.

Chloroform.—Formula, CHCI,.

Synonyms. — Methenyl chloride. Formyl chloride.
Chloroformum.

This, in medicine, is more extensively employed than
any other haloid ether. It may be made by a variety of
processes ; for experimental purposes the formation of
chloroform may be best illustrated by mixing a solution
of chloral hydrate with a solution of caustic potash, for-
mate of potassium, chloroform and water resulting as
follows : —

C,HCl,0.H,0 4+ KOH = CHCl, + CHKO, 4+ H,O.

Chloral hydrate. Caustic Chloroform. Potassium Water.
potash. formate.
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The chloroform separates as a layer at the bottom of
the vessel. Upon a manufucturing scale chloroform is
made by distilling a mixture of chlorinated lime, water
and alcohol. A complicated reaction ensues, several pro-
ducts arise, including chloroform, and it is unnecessary for
us to consume space with the theoretical arguments that
have been advanced upon this subject. Chloroform dis-
solves in pure alcohol, and in ether, in all proportions,
and gives a sweetish taste to water. Tt is not readily in-
flammable, and after evaporation from glass or porcelain,
should leave a clean surface. It should not alter the
color of litmus paper, and when shaken with water should
scarcely decrease in bulk (absence of alcohol). The specific
%ravity of pure chloroform is about 1.50 at 60° F. (15.5°

.) but as pure chloroform is unstable, the Pharmacopeeia
admits the admixture of alcohol, sufficient in amount to
reduce its gravity to 1.480. Chloroform is colorless, and
should neither impart color to, nor be colored by sulphuric
acid when equal volumes are agitated and permitted to
stand in contact for twenty-four hours. Chloroform has
a sweet, aromatic taste, and an ethercal odor. It isan
excellent solvent for some alkaloids. Chlorofom in over-
doses is a poison. The liquid should be at once removed
from the stomach by means of a stomach pump, the face
of the patient exposed to a current of cold air, and artifi-
cial respiration conducted. Some recommend stimulants.
In cases of poisoning by chloroform vapor, the above
treatment is to be employed, excepting the stomach pump.

Iodoform.—Formula. CHI,.

Synonym.—Methenyl iodide.

Iodoform is a haloid ether similar in composition to
chloroform, jodine being substituted for chlorine. Tt is
easily made by mixing one part ot iodine with two parts
of alcohol, and with constant stirring, slowly adding a
saturated solution of hydrate of potassium until the mix-
ture is decolorized. The result is then to be poured into

ight parts of distilled water, and the precipitate col-

*2d on a filter paper and dried by exposure to the air.

form is a lemon-yellow substance of a persistent
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iodine or saffron-like odor. Tt is soluble in alcohol, oils,
and ether, and distills with the vapor of boiling water.
Todoform should completely dissolve in boiling alcohol,
and shonld scarcely lose weight bydigestion with cold water.
If it conforms to these tests it is not likely adulterated.

Compound Ethers. (Ethereal salts).

These constitute a large class, embracing the salts which
are produced by the combination of organic basylous radi-
cals with acid radicals. The formation of a compound

_ether from alcohol and an acid may be illustrated as
follows: —

2C,H,0H + H,C,0, = (C,H,),C,0, + 2H,0.

Alcohol. Oxal:c acid. Ethyl oxalate (oxalicether) Water.

Practically, indirect processes are usually required to
influence the economical combination of the basylous and
the acidulous radicals.

Nitrous Ether.—Formula, C,H,.NO,.

Synonym.—Ethy] nitrite.

It alcohol and nitric acid are gently warmed together,
a complicated reaction ensues, aldehyd, nitrous ether and
water resulting. If copper turnings and sulphuric acid
are added, less aldehyd is said to result. In this case the
nitric acid oxidizes the copper, which unites with the
sulphuric acid to form sulphate of copper. The nitrite
radical thus freed at once attacks the alcohol, nitrous ether
resulting. The reaction is usually explained according to
the equation which follows :—

C%\Ilzglglﬂz +NE‘§ gzﬁl —tu.];l[lfxﬁg):i‘cnd-’- Cg)l;er.—-
C,H,NO, 4 CuSO, + 2H,O0.
Nitrous ether. Copper sulphate. Water.

Nitrous ether is a thin, straw colored liquid with an
ethereal odor. It is inflammable and its vapor if mixed
with air explodes when lighted. This ether is not perma-
nent, decomposing spontaneously and becoming quickly
acid. It may be preserved by dilution with aleohol, and
such is the officinal spirit of nitrous ether.
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Spirit of Nitrous Ether, (Sweet spirit of nitre).

This was once made by distilling nitre (potassium
nitrate), sulphuric acid and alcohol together, thus deriv-
ing the name “spirit of nitre.” It is now made by the
Pharmacopceial process by distilling a mixture of nitric
acid four and one-half troy ounces, sulphuric acid three
and one-half troy ounces, copper turnings two troy ounces,
and alcohol twenty fluid ounces—the distillate afterward
being mixed with 92 fluid ounces of alcohol. This spirit
should contain five per cent. of the ether produced by the
foregoing reaction. It should have the specific gravity
0.837, and it should not effervesce when to it a crystal of
bicarbonate of potassium is added. The odor is ethereal,
the color yellowish in large bulk, but it is colorless in
small or ordinary amounts. The spirit of nitrous ether
of the market is very unreliable, large amounts of it
being mixed with water and sold under the names “ 4 I,
and 3 F. spirit of nitre” the first term seems to signify
water, the second, more water. 1f a pure solution of
nitrous ether in alcohol be mixed with its bulk of chloro-
form or castor oil, the result will be transparent and color-
less. If the watery mixture be tested in the same manner
the result will at first be milky and then two layers will
form.

Acetic Ether.—Formula, C,H;.C,H,0,

Synonym.—Ethyl acetate.

This ether is easily made by distillation of a mixture of
acetate of sodium, alcohol, and sulphuric acid. During
the reaction water and acetic ether are formed and distill,
while acid sulphate of sodium remains in the retort. The
easiest process for making acetic ether, is that of passing
carbon dioxide into an alcoholic solution of potassium ace-
tate. The result is distilled. After both processes the ether
should be purified by digestion with chloride of calcium,
and carbonate of calcium, then decanted and redistilled.
Acetic ether has an agrecable odor, mixes with alcohol
and ether in all proportions, but dissolves only to the

ﬂwﬁnt of about ten per cent. in water. It is not used as
edicine, but is an excellent solvent of cantharidine.
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Often it will produce instantaneous solution of gun cotton,
if added in small amount to the collodium mixture, when
without it the cotton refuses to dissolve, forming a gela-
tinous mass.

Amyl Nitrite.—Formula, C;H,,.NO,.

Synonym.—Nitrite of amyl.

This is made by mixing amylic alecohol (purified) with
an equal bulk of nitric acid, and carefully distilling at a
temperature not exceedeng 100° C. (212° 1) The distil-
late is then agitated with an aqueous solution of potassium
carbonate, and the overlying ethereal solution is decanted
and redistilled ; that portion which distills between the
temperatures of 95° C. and 100° C. being reserved. Ni-
trite of amyl is of the specific gravity 0.877, has a yel-
lowish color, and a peculiar ethereal odor. It is insoluble
in water but mixes with alcohol in all proportions.

Glycerides —These are combinations of glyceryl
(C,H,) with the radicals of certain fatty acids, such as
oleic acid, stearic acid, ete. These combinations give rise
to the various fats and oils, and thus we call oils and fats
compound ethers. Some of these ethers are solid at or-
dinary temperatures, others are liquid. Natural fats con-
sist of mixtures of the two classes in various quantities,
and in proportion as the hard or soft ethers preponderate,
hard or soft fats result.

Olein —Formula, C,H,3C, H,,0,.

Synonym.—Glyceryl trioleate.

This body constitutes the bulk of most liquid fats
or oils. Tt is a combination of the acidulous radical
(C,sH,4;0,) of oleic acid with glyceryl (C;;). The pro-
duction of this substance from propenyl alcohol (glycerin)
and oleic acid may be illustrated as follows :—
C,H,30H + 3HC, H,,0, = C,H,(C,,H,;0,),+3H,0.

Glycerin. Oleic acid. -Olein. Water,

When olein is heated in contact with water under a
steam pressure, decomposition results, and both oleic acid
and glycerin result. Oleic acid combines with metallic
oxides to form salts which are known as oleates. Olein is



368 CHEMISTRY OF MEDICINES.

of great use in the arts, and is used in medicine for the
]i‘rclmration of glyceri—, plasters, cerates, and ointments.

he officinal liniment of ammonia, a mixture of ammonia
water one part and olive oil two parts, is an imperfect
oleate of ammonium. Drying oils, such as linseed ail, con-
tain an oil (linolein) of the composition C,H,3C,¢H,,0,.
Castor oil contains recinolein, C,H;3C,;H,,0,.

Stearine.—Formula, C,H,3C, H,,0,.

Synonym.—Glyceryl tristearate.

This is a hard fat, constituting the bulk of mutton tal-
low, cocoa butter, etc. When pure it is white, and pre-
senis a crystalline appearance. Stearine is employed in
a greater or less degree of purity for making candles and
animal soaps.

Palmitin.—Formula, C,H_3C, H;,0,.
Synonym.—Glyceryl tripalmitate.
This, in small quantity, is found in most solid fats, but
in large proportion in palm oil, of which it constitutes the

solid portion. The so-called margaric acid is a mixture
of palmatic acid (HC,H;,0,.) and other fatty acids.

ALDEHYDS.

These bodies are the result of oxidation of alcohol. We
have shown heretofore how ordinary aldehyd may be de-
rived from ordinary aleohol, and upon the same prinei-
ple, other aldehyds may be obtained by the action of
various oxidizing agents upon the alcohols. The name
aldehyd is applicd to the aldehyd of common alcohol and
it is also known as acetic aldehyd. Thisis not employed in
medicine, unless it be as a contamination of spirit of ni-
trous ether. Aldehyds form precipitates with hydrogen
potassium sulphite (acid sulphite of potassium).

Chloral —Formula, C,HCI1,0.
Synonym.—Trichloraldehyd.

This body is made from anhydrous alcohol by the ac-
tion of dry chlorine gas, whereby the alcohol first changes
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to aldehyd ; this by displacement of three atoms of hy-
drogen forms chloral. ~ Thus:—
C,H,0H 4 2Cl, = C,HCI,0 4 3HCL
Aldehyd. Chlorine. Chloral. Hydrochloric acid.

The above is the simplest theoretical explanation of
the changes which result from the passage of chlorine into
pure alcohol. In practice several incidental products
arise, and actually the reaction is more complex. Chloral
is not made to any extent in this country. Its prepara-
tion is tedious and expensive. Our supply is obtained
from other countries, where chlorine is a waste product.
Chloral is an oily liquid, colorless, evolving vapors which
are very irvitating to the eyes. Itis employed for the
purpose of making—

Chloral Hydrate.—C,HCI;0.H,0.

Synonyms.—Chloral. Hydrate of chloral.

‘When the oily liquid chloral, is mixed with a small
amount of water, the mixture solidifies as a mass of crys-
tals of dazzling whiteness. The odor is pleasant and
peculiar. The chlorine in chloral hydrate refuses to pre-
cipitate nitrate of silver solution, thus differing from
metallic chlorides. Chloral hydrate sublimes without
decomposition, and if rubbed with camphor gum produces
a liquid. Water dissolves about three and one-half times
its weight of chloral hydrate, and if the solution be di-
luted, acidulated with sulphuric acid, and colored slightly
with solution of potassium permanganate, it will not de-
colorize in several hours, if the chloral hydrate was pure.
When solution of choral hydrate is mixed with solution
of a caustic alkali, chloroform and an alkaline formate
result.  Theoretically the yield of chloroform should be
72.2 per cent. of the weight of the chloral hydrate em-
ployed, but practically the yield is about 70 per cent.
Chloral hydrate will not turn cold sulphuric acid brown,
and will not evolve red fumes with nitric acid if they be
gently warmed together. This distinguishes the true

ate, for the latter article
nd evolves red fumes
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when heated with nitrie acid. The blood of animals is
of alkaline reaction, and from this fact may be explained
the slow liberation of chloroform after the administration
of chloral hydrate, together with its continued and lasting
cffect as compared with chloroform. Strychnine has been
recommendex as an antidote for poisoning by this drug,
but it must be used with caution. At once empty the
stomach with a stomach pump, then freely administer
strong coffee or tea. Use the antidotes recommended
for poisoning by chloroform amd by morphine.

Benzoic Aldehyd. (C,H,0H)—
Oil of bitter almonds, and cinnamic aldehyd (C,H,OH),

oil of cinnamon, are described under the essential or vola-
tile oils. The aldehyds we have named are all that are
used in medicine.

Organic Acids.

These are considered as the results of the oxidation of
alcohols. In the first place the alcohol molecule parts
with a molecule of hydrogen, water and an aldehyd result-
ing. The aldehyd, upon exposure, absorbs an atom of
oxygen and forms the acid. Thus we illustrate the for-
mation of acetic acid from ordinary alcohol—

2C,H,HO 4 0, = 2C,H,0 + 2H,0.
Alcohol. Oxygen. Aldchyd. Water.

The above is the first step, and—
Atenti, Tomton dcdtodan?”

is the second part of the reaction. The organic acids
employed in medicine were discovered and named before
their connection with the alcohols was determined, or
even before the several alcohols were known. Conse-
quently the names of the acids and the connected alcohols
do not correspond. We have included the organic acids,
with our list of acids (salts of hydrogen) as we believe the
practical study of each compound is at present of value
to active pharmacists, physicians and medical students,
rather than the advanced views of theoretical chemists.



CARBO-HYDRATES. 371

i CARBO-HYDRATES.

These bodies constitute the bulk of most plants. They
are named carbo-hydrates because each contains 6 or 12
atoms of carbon united with the exact proportion of
oxygen and hydrogen which is requisite to form a definite
number of molecules of water, thus:—

Cellulose. ....coeerinenririenncsienseeaiinnnen .. G H, (O
Cane sugar............. ceenens

. l’." ‘22061'
Grape BUZAL......ieeeerecrriernnrnniiennenns CeH,,0,.

The carbo-hydrates are at present divided into three
isomeric classes, those of interest in medicine being as
follows :—

AMYLOSES, SACCHAROSES.
Cellulose.............C4H, ,O;. Cane Sugar .....C,,H,,0,,.
Starch................C,H, O;. Milk Sugar......C,,II,,0,,.
Dextrin ....ccceee..CgH, (05

6
GLUCOSES.
Grapo Sugar........C¢H,,0,. Fruit Sugar.........C;H,,0,.

Amyloses.—This class of carbo-hydrates includes all
which are of the general formula C¢H,(O;. They are
isomeric or polymerict with each other, but their mole-
cular weights have not been accurately determined. The
name of this class of compounds is derived from amylum
(starch), the principal constituent of the group.

Starch.—Formula, C;H, ,0, (or C, H;,0,,).

Synonym.— Amylum.

Starch is a white granular substance, and is found
throughout the entire vegetable kingdom, but most
abundantly in certain tubers and in seeds. Starch is in-
soluble in cold water, but in boiling water the granules

1 Polymerie molecules differ in molecular weight, but they
contain similar atoms united in the same proportion. Thus the
difference between the molecule of acetic acid and the molecule
of glucose, is in the number of atoms, and not in percentage.
Glucose CsHi:0s, contains three times the number of atoms, and
the same elements contained in a molecule of acetic acid,

C.ILO,.
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swell and burst, producing a thick mucilaginous liquid,
known as starch paste. If starch be boiled with a mix-
ture of sulphuric acid and water, it is converted into
glucose and dextrin. If desirable, glucose can be alone
produced. If the operator be skillful,only a few moments
are required to change every trace of starch into glucose,
Jree from dextrin, although most authorities state that
Erolonged boiling is necessary. If starch be acted upon

y nitric acid, oxalic acid is formed. If a few drops of
starch paste be mixed with a little water, and tincture of
iodine be added, a deep blue color results. This reaction
is a most delicate test for either starch or iodine. It must
be remembered in this case that the starch granules are to
be burst by hot water, thus forming starch paste.
Dextrin.—Formula, C,H, ,O;.

Dextrin may be made, as we have said, by boiling starch
with diluted sulphuric acid, glucose also resulting, thus:—
Cofana?? Fona? = Grantr®s T 2l

In practice dextrin is made by heating dry starch to
350° F.

Dextrin is a yellowish powder, possessing a peculiar
odor which is very disagreeable to some persons. Tt dis-
solves in water, forming a sticky solution much employed
as a mucilage. The coating applied to the back of post-
age stamps seems to consist of nearly pure dextrin.

Cellulose.—Formula, C,;H, ,0,.

Synonyms. —Lignin.  Cellulin.

Cellulose is the substance which forms the cell walls of
plants. TFamiliar examples of cellulose are cotton, and
the fiber of flax (linen). Water does not dissolve cellu-
lose, but a solution of basic carbonate of copper in ammo-
nia water dissolves it readily, and from this solution an
acid precipitates it as white flakes. If cellulose be di-
gested with cold sulphuric acid a gummy substance re-
sembling dextrin resnlts, and this produces glucose if it
be boiled with dilute sulphuric acid. Cellulose is of
great value in the arts as a fabric producer, and cotton is
used in pharmacy to make—
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Nitro-cellulose, or gun cotton. This is officinal under
the nume pyroxylin, and is made by treating cotton with
strong nitric acid, whereby either one, two, or three atoms
of hydrogen are replaced by nitril (NO,), thus:—

Mononitro-cellulosge.... ..ccev.vveee. . .C g (NO,)O,.
Dinitro-cellulose....c.ccuervieennenn. CgH(NO,), 0,
Trinitro-cellulose ...c..cvunieveenenns. CgH, (NO,),05.

The last of the seriesis true gun cotton, being the most
explosive. The second is preferred for making collodium
as it dissolves freely in ether. ~Officinal collodium is made
by mixing stronger ether, twelve fluid ounces,with stronger
alcohol, three fluid ounces, and dissolving in the mixture
two hundred grains of pyroxylin. In view of the fact
that pyroxylin is consumed in the photograph business in
large amounts, under the name negative cotton, and is sup-
plied to the trade at low prices, it is not economic to pre-

. pare the cotton on a small scale.

Gums.

The class of organic bodies properly known as gums,
agree somewhat in composition with starch, and may con-
sistently be considered in this place. In commerce a
number of bodies, such as catechu, kino, etc., are called
gums, but they are the dried juices of plants, or dried
solid extracts. We are compelled to notice such as are
of interest in medicine, and shall include them with gums.

Gum Arabic.—This article, known also as gnm acacia,
gum Arabin, or as acacia, exudes in tears from certain
species of acacias in Egypt and Arabia. It contains
mainly a soluble principle, arabin (CaC,,H,,0,,),which
is in reality a calcium salt of gummic (Arabic) acid,
H,C,,M,,0,,. It is customary, therefore, for some to
speak of gum Arabic as gummate of caleinm. If hydro-
chlorie acid be added to a solution of gum Arabie, chloride
of calcium and gummate of hydrogen (gummic acid)
result, thus :—

C.C,,1,,0,,42HCI=CaCl,+ H,C, ,H, ,0,,.

Gummic acid is isomeric with eanc sugar, and when it is
boiled with dilute sulphuric acid, gives rise to glucose. If
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a few drops of ferric sulphate solution be added to a so-
lution of gum Arabic, a gelatinous mass results.

Gum Tragacanth.—This gum is the exudation of the
trunk of the Astragalus verus. It is white, does not dis-
solve in cold water, but swells when covered with water,
and forms a translucent gelatinous mass. It is used ex-
tensively as a paste, and this is prepared by pouring about
sixteen parts of cold water upon one part of gum traga-
canth, and permitting the mixture to stand twenty-four
hours. The chief constituent of tragacaunth is bassorin.
Tragacanth is not liable to adulteration, but very inferior
brown qualities are upon the market.

Catechu.—-This substance, often known as gum cate-
chu, is a solid extract of the wood of acacia catechu. It
occurs in dark brown masses, more or less impure from
mixtures of twigs, chips, and gravel. Catechu is astrin-
gent, yields when treated with cold water mostly catechu-
tannic acid. The insoluble matter contains catechin
(catechuic acid), and it may be extracted by boiling wa-
ter, and purified by repeated crystallizations. Tincture
of catechu gelatinizes, as is the case with tincture of kino,
and other tinctures of the vegetable kingdom which con-
tain certain red tannates.

Kino is the dried juice of an India tree. It is an
astringent extract, but not a true gum. In some respects
it resembles catechu, but it has no catechuic acid, and
contains a pectin compound. Tincture of kino is used
extensively in medicine.

Aloes —The juices of several species of aloe, furnish,
when dried, more or less brittle and dark colored extrac-
tive masses, known as “aloes.” Aloes is a mixture of
substances, and its value is not generally estimated by
chemical constituents.t It should dissolve in diluted
alcohol.

T There are several varieties of aloes in commerce, distinguished
as Barbadoes aloes, Socotrine aloes, Zanzibar aloes, Cape aloes, Na-
tal aloes. etc. These contain substances called aloins, and each vari-
ety differs chemically, and in purging properties.
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Saccharoses.—This section of the carbo-hydrates,
embraces cane-sugar and other bodies of the general for-
mulaC,,H,,0,,. They are regarded by some as (theoreti-
cal) poly glucosic alcohols, in which two or more molecules
of glucose unite. Such combinations are accompanied by
the elimination of water molecules, one less than the
number of glucose molecules. The molecular weights of
the saccharoses have never been established.

Sugar.—Formula. C,,H,,0,

Synonyms.—Cane sugar. Sucrose. Saccharose. Beet
root sugar. Saccharum album.

Cane sugar is found in all parts of the vegetable king-
dom, but sugar-cane, beet-root, and the sugar-maple tree
supply the markets of the world. The processes employed
in making cane sugar, arve familiar to most persons, and
are explained at length by works upon technical chem-
istry. The purest form of cane sugar is that known as loaf
or crushed sugar. Cane sugar melts if heated forming
“barley sugar,” and at a high heat decomposes, turns
black, and the result is known ascaramel, or burnt-sugar,
a preparation employed in coloring liquors. Some metal-
lic salts decompose when boiled with sugar solution, the
metals precipitating. By fermentation of sugar alcohol
first results, then acetic acid. Warm nitric acid forms
saccharic acid (C,H | (O) with sugar; boiling nitric acid
produces oxalic acid. Sulphuric acid chars sugar, ab-
stracting the elements of water.  Diluted sulphuric acid,
if boiled with sugar, produces inverted sugar. “ Fehling’s
solution” is not affected when boiled with a fresh solu-
tion of cane sngar, which fact serves to distinguish cane
sugar from the most common adulterant, glucose.

Milk Sugar.—Formula, C,,H,,0,, H,0.

Synonyms.—Saccharum lactis. Lactin.

Milk sugar is extensively produced in some parts of
Europe, but it is not made in this country, notwithstand-
ing the bountiful supply of milk in certain sections. Milk
sugar is made by simply evaporating whey to crystalliza-
tion, and afterward purifying the crystalline masses by
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oz em i water, filtering the solution throngh

« «vnd], and then reervstallizing.  Sugar of milk

coovery s inhtly sweetish, odorless, and grits between
<+ U is insoluble iu ether, slightly soluble in
v wlable in ftom five to six parts of cold water,

« ot theee parts of boiling water. It reduces the
vt of  Felling’s solution,” and is estimated in the
oo mnner, When a solution of milk sugar is mixed
w v powdored ehalk and decaved cheese, and digested
o weeks ina warm situation, lactic acid results.
v~ boiling wilk sugar with dilute sulphuric acid, a
wr e (g:\‘xz\nm\'o) isamerio with glucose results. Nitric
wol waidizes milk sugar, mucie acid being formed ; an
vavior (arecharie acid) s produced under like conditions
et other sugaes, Milk sugar has no medicinal value,
bt ae an ineet substanee is used in the preparation of
roneatione whore the object is the division of active
wanediog, Maliose ix the sugar of malt resembling glucose
o many rogpoeisn L s said to be an isomer of milk
an b, JC i not weed in medicine,

e
PR

o ot

(Hunoses,

Phivae are of the general formuta € H, .04, and of the
pombora composing this geoup which ave known at the
prasnt iy, s ok thiee anly ave of interest in pharmacy,
v b medivine, The glacases give a precipitate of cuprous
watih when boiled with Felling's solution, and theirsolu-
giona I eohl water are not ehavved by sulphuric acid.

Qluvore. - Formula, G0y,

Nyomyma, —Dextrose, - Grape sugar.  Dextro-glucose.
Chrn-agar,

Phis fa the fimportant member of the group; itis found
i ot fraita wind plants, and constitates a large percent-
of hoiey.  This sngar also appears more or less

b i the weine of dinbetio persons, and its detec-
ganditions i a necessity which is recognized
elans of the present dav.  Glueose is now
iende amonnts in the Western cities of this
i the stuveh of corn, and under the nama
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glucose, or corn sugar, is employed in preserving works,
confectioneries, candy-making, etc. Its sweetening powers
are, however, very inferior to those of cane sugar. Any
of the natural glucosides yield glucose when boiled with
dilute sulphuric acid, and all substances containing-cellu-
lose, by digesting with strong sulphuric acid, and subse-
quent boiling with diluted sulphuric acid, give glucose in.
proportion to the cellulose present. Owing to the fact
that the manufacture of glucose has now become so im-
portant a branch of industry, and that its mode of prepa-
ration is explained so fully in various works upon technical
chemistry,we do not feel called upon to consume space with
the practical part of its preparation. Theoretically the
starch of the corn is first converted into a mixture of
dextrine and glucose, a molecule of water being taken up
by three molecules of starch, usually expressed as follows:
Bgirge0s T 20, = Phuads + Ogllude
The dextrine by further combination with water becomes
glucose— ,
2C¢H, O, 42H,0 = 2C.H,,0,.
Dextrlne. Water. Glucouse. :

In practice starch may be apparently converted directly
into glucose. According to the author’s experiments, it
the conversion is not direct, it is so nearly so, that there
is no intermediate production of dextrine, which necessi-
tates prolonged boiling. Indeed the object is to guard
against the formation of dextrine, a point easily accom-
plished, and large amounts of starch may be converted in
a short period entirely into glucose. Glucose dissolves in
140 parts of water, crystallizes in small, warty aggrega-
tions or cubes, and these dissolve in concentrated sulphuric
acid without blackening (cane sugar turns black). = For
the detection of glucose in the urine, see the section of
this work which is devoted to examination of urine.
Fruit Sugar.—Formula, C,H,,0,.

Synonyms.—Honey sugar. Tnverted sugar,

When cane sugar is warmed with dilute sulphuric acid

it}s] is transformed into equal parts of glucose and levulose,
thus :— ~
82
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C,,H,,0,, + H,0 = C4H,,04 4 C,H,,0,.
Cane sugar. Warter. Levulose. Glucose
The cane sugar is said to be inverted, and the mixture is
known as fruit sugar or honey sugar, being found in many
fruits and in honey. Levulose, one of the products, is as
sweet as cane sugar, uncrystallizable, and it turns a ray of
polarized light to the left.

Amines.

This class of bodies includes substances which are built
upon the type of ammonia, by substitution of basylous
radicals for the hydrogen of ammonia radicals. If the
hydrogen of one molecule of ammonia be displaced, we
have a monamine. If the amine is derived from two mo-
lecules of ammonia, it is called a diamine. If from three
molecules of ammonia it is a triamine, etc. It is unne-
cessary for us to enter into the theoretical study of this
class of bodies, and interested parties are referred to the
late works which are devoted to a systematic review of
theoretical investigations.

The amines are strong bases and unite with acids like
ammonia, forming salts. The organic bases known as
alkaloids are classed with bodies of this description, and
are called compound ammonias. As a class, however, the
molecular construction of the alkaloids is unknown.

Trimethylamine.—Formula, N(CH,),.

Synonym.—Propylamine.

This body has long been sold in commerce under the
name propylamine. True propylamine (C;HyN) is an
isomer of trimethylamine, and is made by hydrogenation
of cyanide of ethyl (C,H_N). Trimethylamine is made
by distilling fish brine with an alkali, and the distillate
which contains erude trimethylamine is afterward puri-
fied. The process is tedious and uncalled for in a work
of this description. Trimethylamine is a liquid, colorless,
of a strong herring-like odor, strongly alkaline, forming
with acids, salts which ave freely soluble in both alcohol
and water. Trimethylamine is soluble in water, ether and
in alcohol; it is very volatile.
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Chloride of propylamine of the market is in reality the
chloride of trimethylamine, a soluble and deliquescent
salt formed by direct combination of hydrochloric acid
and trimethylamine.

ALKALOIDS.

The term “alkaloid” is applied to organic bases of the
vegetable and animal kingdoms. Sometimes alkaloids
are called organic alkalies. 'There has been much confu-
sion regarding the nomenclature of the alkaloids. In
this work preference is given to the termination ine. Thus,
instead of berberin, or berberina, we say berberine, placing
the other names among the synonyms. At present we are
led to believe alkaloids ave all derivatives of ammonia mo-
lecules, therefore we class them with the amines. When
an alkaloid is heated with hydroxide of potassium, ammo-
nia is evolved. Alkaloids are alkaline, and combine with
acids to form salts. Some are strong bases, for example,
berberine, others are very feeble, as caffeine, which re-
fuses to unite with organic acids, excepting under certain
conditions, and the salts of which, even with mineral
acids, are decomposed by water. Alkaloids unite with
acids wholly, and the act of combination does not give
rise to water ; thus they differ from the inorganic bases.
For this reason the term muriate, or hydrochlorate, is ap-
plied to the combination of an alkaloid and hydrochlorie
acid, instead of the term chloride. Some alkaloids are
volatile, others are fixed, and decompose upon heating.
The volatile alkaloids are free from oxygen, while
the fixed alkaloids all contain oxygen. A large number
of alkaloids are known, and, as a rule, the alkaloids are
active medicinal agents. Some alkaloids are the most
powerful of poisons. As a rule, aqueous solutions of the
alkaloids, or their salts, give precipitates with phospho-
molybdate of ammonium, chloride of platinum (chloro-
platinic acid, H,PtCl,) or solution of iodine in iodide of
potassium solution. We shall only notice such alkaloids
as are of interest from a therapeutical point.
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Aconitine.—Formula (old), C, H,,NO,.

Synonym.— Aconitia.

This alkaloid is obtained from the root and leaves of
Aconitum napellus. As found in market it is an amorphous,
white powder, odorless, but very irritating to the mucous
membranes of the nose, even if in very small amount.
It is intensely acrid and burning to the taste, producing
a sense of numbness; more soluble in cold than in hot
water, and is soluble in alcohol and ether. The foregoing
description is generally accepted, but it appears that the
article named is a mixture of alkaloids. True aconitine
should be crystalline, of the composition C,;H,;NO ,.
From the fact, however, that some batches of root refuse
to yield the crystalline alkaloid, and yield the amorphous
freely, and that the aconitine of commerce is the amor-
phous, we have given that article preference. Aconitine
is an active poison, and can not well be administered in-
ternally, 5 of a grain producing poisonous effects.
Atropine.—Formula, C,,H, ;NO,.

Synonym.— Atropia.

This alkaloid exists in belladonna as a malate. Tt is
white, soluble in water, alcohol, ether, glycerin, and chlo-
roform, and by spontaneous evaporation of its solutions
assumes the form of needle-like crystals. It dissolves col-
orless, in cold sulphuric acid, and the solution turns brown
upon heating. The solution of atropine in cold nitric
‘acid is yellowish, changing to orange by heating. Atro-
‘pine is poisonous. It dilates the pupil of the eye, thus
being opposite in effects to the alkaloid of calabar bean
(physostigmine).  The sulphate of atropine is very solu-
ble in water, and this form of atropine is mainly used in
medicine.

Beberine.—Formula, C, ,H, ,NO,.

Synonyms.—Beeberin. Bebirin. Beberia.

This alkaloid is found in the bark of Nectandra Rodicei.
The pure alkaloid is white, very bitter, freely soluble in
aleohol and in ether, but almost insoluble in cold water.
It forms salts with acids. Sulphate of beberine is the ar-
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ticle employed in medicine, the pure alkaloid being seldom
used. Sulphate of beberine is not crystallizable and is
soluble in water and alcohol. It appears in market as
dark-brown scales, having been made by spreading a
syrupy solution nupon glass and scraping the glass when
the solution has dried. Beberine must. not be confused
with berberine (hydrastine) the yellow alkaloid found so
abundantly in the rhizome of hydrastis canadensis.

Berberine,—Formula (Perrins), C,,H,,NO,.

Synonyms.—Berberina. Berberin. Hydrastin. Jamai-
cin. Xanthropicrit.

Berberine is empllgyed most extensively of any alka-
loid obtained from North American plants. It received
the name from Berberis vulgaris. The market at present
is supplied with the alkaloid as produced from the rhi-
zome of Hydrastis Canadensis, and the name by which the
alkaloid is known among physicians is Ahydrastine. Ber-
berine is practically produced by the decomposition of
sulphate of berberine through the agency of an alkali.
As thus produced from rhizome of Hydrastis Canadensis,
it is lemon-yellow, very soluble in water, less in alcohol,
and is insoluble in- ether. Tt is very bitter, crystallizes
from solution- in tufts of acicular needles, and combines
directly with acids, forming salts which, as a rule, are less
soluble than the alkaloid. Picrate of berberine is insoluble.

Muriate of Berberine.

This salt of the alkaloid is easily made by adding hydro-
chloric acid to tincture of Hydrastis Canadensis. It sepa-
rates as yellow needles, am{ may be purified by washing
with water, and then recrystallizing from solution in boil-
ing water. Muriate of berberine is of a lemon yellow
color, soluble in about 500 parts of cold water, almost
insoluble in alcohol, insoluble in ether and in chloroform.
Picric acid precipitates it from solution as picrate of ber-
berine, but the hydrochloric acid refuses to be displaced
by even the strong mineral acids. Oxide or phosphate of
silver, if boiled with a solution of muriate of berberine,
liberates the alkaloid.
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Sulphate of Berberine.

This preparation is now the most common salt of the
alkaloid. It is made by adding an excess of sulphuric
acid to an alcoholic tincture of Hydrastis Canadensis, and
then purifying the needle-like crystals in the manner we
have directed for muriate of berberine. Sulphate of ber-
berine is in the form of orange-yellow crystalline tufts,
quite soluble in cold water, very soluble in boiling water,
slightly in alcohol, and insoluble in ether and chloroform.
When an alkali is added to the aqueous solution of sul-
phate of berberine, the salt is decomposed and berberine is
liberated. The other salts of berberine may be easily
made by adding the desired acid to solution of the alkaloid.
Brucine.—Formula, C, ,;H,;N,0,.

Synonyms.—Brucia. Brucin.

This alkaloid is obtained as a by-product after strych-
nine is crystallized from an extract of nux vomica. Brucine
is white, very bitter, soluble in 800 parts of water, and
insoluble in ether, It dissolvesin alcohol and chloroform.
Brucine forms a red solution with nitric acid, which turns
yellow upon heating. This solution changes to purple-
violet with solution of stannous chloride (solution of
muriate of tin). Brucine is poisonous, but is less violent
in action than strychnine.

Oaffeine.—Formula, C;H, ,N,0,.H,0.
Synonyms.—Caffin, Caffeidina. Caffeia. Theine. Theia.
This alkaloid is found in more or less abundance in tea,

coffee, and guarana. It may be obtained simply by treat-

ing the powdered drug with boiling chloroform, filtering,
and evaporating the filtrate to dryness. The mass is ex-
tracted with hot water, which dissolves the caffeine, and
evaporation ofthe water leavesit pure. Caffeine is white,
odorless, slightly bitter, and crystallizes in silky needles.

It dissolves in abont ten parts of boiling water and in sixty

parts of cold water. Chloroform dissolves one-ninth its

weight of caffeine. It is slightly soluble in ether, and
soluble in twenty-one parts of alcohol. The solutions of

~
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caffeine are neutral, the solution in water is precipitated
by tannic acid. When the gas which is evolved from a
mixture of hydrochloric acid and potassium chlorate, is
passed into solution of caffeine in water, and the solution
afterward evaporated, a blood-red residue results. This
reaction is said to detect one part of caffeine in one thou-
sand parts of water. Caffeine sublimes unchanged if
heated. It forms salts with the strong mineral acids, but
water decomposes them. Organic acids do not freely
unite with caffeine. Citrate of caffeine is the salt most
in demand. It is very unstable, decomposing under the
influence of water or alcohol. :

Alkaloids of the Cinchonas.

The many varieties and species of cinchona contain a
number of alkaloids which resemble each other to an ex-
tent, and have more or less value as antiperiodics. These
alkaloids are naturally combined with kinic, kinovie, and
cinchotannic acids; and the barks of the cinchonas owe
their virtues to such combinations. Some qualities of
bark yield a large per cent. of alkaloids, others are almost
devoid of these principles. The U. 8. P. recognizes a bark
containing two per cent. of alkaloids which are capable
of forming crystalline salts. We can only notice the

alkaloids which are in common use as medicines, and
their salts.

Quinine.—Formula, C, H,,N,0,.3H,0.

Synonym—Quinia.

This is the most valuable of the cinchona alkaloids.
The bark known as Calisaya yields it most abundantly.
It is best produced from sulphate of quinine, and as fol-
lows :—Dissolve sulphate of quinine in fifty parts of cold,
distilled water by the careful addition of a sufficient
amount of sulphuric acid. Into this solution carefully
stir ammonia water until it is in slight excess. This will
form sulphate of ammonium, the alkaloid quinine being
liberated in the form of a white precipitate. TFilter the
Yolution and dry the precipitated quinine by exposure to
the atmosphere in a cold location. If the temperature be
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“Agitate two grammes (30 grains) of sulphate of qui-
nine with twenty cubic centimeters (5 fluid drachms) of
. distilled water at the temperature of 15° C. (69° F.) and

filter after a maceration of halfan hour. Add, carefully,
“to five cubic centimeters (1} fluid drachms) of this solu-
tion, in a test-tube, seven cubic centimeters (1% fluid
drachms) of ammonia water of specific gravity 0.96. Now
close the mouth of the test-tube and invert the tube, there
should be formed, either immediately or after a short
time, a clear liquid.”

In case the sulphate of quinine is contaminated with
salts of the other cinchona alkaloids, the alkaloids remain
insoluble, and the resulting fluid is not transparent.

Qui;&igfgﬁ?gfirochlorate. — Formula, C,,H,,N,O0,.-

Synonyms.—Muriate of quinine. Muriate or hydro-
chlorate of quinia.

This salt is seldom employed in medicine. It may be
made by dissolving the alkaloid quinine in dilute hydro-
chloric acid, and by proper management may be obtained
in silky crystalline tufts.

Quinine Tannate ismade by mixing solution of bisul-
phate of quinine with solution of tannin. It precipitates
as a buff colored magma, is almost insoluble in water, and
scarcely possesses a bitter taste. The freshly precipitated
article will dissolve to a considerable extent in glycerin,
and such solution is almost tasteless. Other salts of qui-
nine may be made by dissolving the alkaloid in the re-
spective acids, but they are not of sufficient importance for
individual notice in our work.
Cinchonidine,—Formula, C, H, ,N,0.

Synonym.—Cinchonidia.

This alkaloid is isomeric with cinchonine, and like cin-
chonine is obtained from the mother liquor after crystal-
lization of sulphate of quinine. It is sold in the form of
sulphate (C,,H,,N,0), H,S0,4H,0. Tt forms tufts of
needle-like crystals which resemble sulphate of quinine.
Bulphate of cinchonidine is soluble in alcohol, but insolu-

33
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ble in ether. It does not form a green precipitate with
chlorine water and ammonia, (distinction from quinine).
The solution of sulphate of cinchonidine in water affords
precipitates with solution of Rochelle salt, which distin-
guishes it from cinchoniue (cinchonia). The sulphate of
cinchonidine, until recent years almost unknown to the
commercial world, is now sold in quantities as a substi-
tute for the expensive salts of quinine.

Cinchonine.—Formuls, C, H,,N,0.

Synonym.—Cinchonia.

This is the cheapest alkaloid of cinchona bark and
recently has been in considerable demand as a tasteless
anti-periodic. Tt js obtained from the mother liquor of the
quinine manufacture  Cinchonine is insoluble in water
and in ether. Muriate of cinchonine has been substituted
for sulphate of quinine. This may be detected by dis-
solving the suspected salt in a little water acidulated
with sulphuric acid, then adding ammonia water in slight
excess, and washing and drying the precipitate. This
shonld perfectly dissolve in ether if it be quinine. If it
refuses to dissolve in ether, and after solution in very di-
lute sulphuricacid, refuses to precipitate upon the addition
of Rochelle salt, it is cinchonine. If Rochelle salt pro-
duces a precipitate, cinchonidine is present. Solutions of
cinchonine salts are very bitter and are not fluorescent.

Quinidine.—Formula, C,,H,,N,0,.

Synonym.—Quinidia.

This alkaloid is in little demand. It is white, isomeric
with quinine, and, like cinchonine and cinchonidine, is
obtained from the mother liquor after erystallization of
quinine salts. Quinidine is sold as a sulphate, which
dissolves readily in dilute sulphuric acid.

Chinoidine is a brownish mass left after all the ervs-
tallizable alkaloids of cinchona are separated from the
solution. It consists of amorphous alkaloids, and is em-
ployed to a considerable extent in the form of pills.
Chinoidine is tasteless, insoluble in water, but soluble in

" aleohol and dilute acids, and such solutions are bitter. The
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other alkaloids of cinchona are of interest to experimen-
tal chemists only, as they are not used in medicine, except-
ing in combination. '
Codeine.—Formula, C, ;H,,NO,.

Synonyms.—Codeia. Codein.

This alkaloid exists in opium, and is obtained from the
mother liquor of the morphine manufacture. As it is
seldom used in medicine, and is never prepared on a small
scale, the mode of preparation is of no particular interest
to the general student. Codeine is a white alkaloid, solu-
ble in seventeen parts of hot and in eighty parts of cold
water, soluble in ether and in alcohol. Codeine has little
taste, but its salts are bitter. Solution of codeine (aqueous)
is alkaline. Codeine is insoluble in solution of caustic
potash, which, together with the fact that it refuses to
strike a blue color with solution of ferric chloride, dis-
tingnishes it from morphine.

Meconine is an indifferent crystalline body obtained
from opium ; its solution in water is neutrsl.

Conine -—Formula, CgH,;N.

Synonyms.—Conia. Coniin.

This alkaloid is volatile and obtained by distillation of
crushed conium seed with dilute milk of lime. It is an
oily liquid of a disagreeable tobacco odor, and a nauseat-
ing taste. It is more soluble in cold than in warm water,
and its solution is strongly alkaline. Alcohol, ether and
oils dissolve it freely. Counine is but little used in
medicine.

Curarine.—This is a poisonous principle of the South
American arrow poison curare. It is colorless, crystalline
and forms salts with acids. This alkaloid is seldom used
in medicine. Tt deserves further investigation.

Delphinin.—Formula, C, ,H,,;NO,.

This exists in the seed of delphinum staphisagria. It is
slightly soluble in water, but dissolves in aleohol and in
ether. It is white and very acrid to the taste.
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Emetine.—Formula, C, ;H,,N,O,.

Synonyms.—Emetia. Emetin.

This alkaloid is a powerful emetic, and is obtained from
ipecac root. It is a white powder, the chloride forming
silky needles. Emetine is insoluble in ether, and soluble
in alcohol.

Gelsemine (Gelseminia)

This is a poisonous alkaloid, obtained in very small
amount from the root of Gelsemium sempervirens. It is
white, bitter, and strongly basic, forming salts which are
soluble and bitter. Gelsemine is slightly soluble in water,
freely in chloroform or ether. This alkaloid must not be
confused with the so-called resinoid (concentration) gelse-
min, which in reality is a dried solid extract.

Hydrastine (hydrastia)—Formula, C; ,NH, ;0.

This is the white alkaloid of Hydrastis Canadensis, and
is obtained from the mother liquor after crystallization of
berberin. It is unfortunate that the name which is
applied to this alkaloid, and which it properly deserves, as
it 1s the characteristic alkaloid of Hydrastis C., should be
also applied to the yellow alkaloid berberin, when it is
obtained from Hydrastis. Hydrastine is white, insoluble
in water, but very soluble in hot alcohol from which solu-
tion it crystallizes beautifully. It is a strong base, form-
ing (excepting the carbazotate) salts which are soluble
in all proportions of water; they refuse to crystallize.
Ammonia, and the alkalies, precipitate this alkaloid from
aqueous solutions of the salts. When hydrastine is
chewed it imparts an acrid sensation to the fauces, and the
solutions of the salts of hydrastine are very acrid and
disagreeable to the taste, but not bitter.

Hyoscyamine.—Formula, C,,H,,NO,.

Synonyms. -—Hyoscyamia. Hyoscyamin.

This alkaloid is found in hyoseyamus, being prepared
from the leaves or fruit of H.iroscyamns niger. Experi-
ments teach the author that it is nseless to endeavor to
preparehyoscyaminefrom even an ordinary working batch



ALKALOIDS. , 389

of the crude drug, therefore, this work will not be bur-
dened with the practical process. Hyoscyamine is a waxy
mass, soluble in ether and in water. It is a strong or-
ganic base, yielding crystallizable salts with acids. Its
solution precipitates white with corrosive sublimate solu-
tion. Hyoscyamine is an active poison, the treatment
consists of the free use of emetics and castor oil.
Morphine.—Formula, C,,H, (NO,.H,0.

Synonyms.—Morphia. Morphin.

This the valuable alkaloid of opium. It is made by a
few manufacturers upon a large scale, never being pre-
pared in small quantities. Morphine is a white powder,
insoluble in cther, slightly soluble in water, and soluble in
alcohol. From its solutions by spontaneous evaporation,
colorless needle-like crystals are obtained. Morphine is
inodorous and very bitter. It unites freely with most acids,
neutralizing them completely, and forming crystallizable
salts which as a rule are soluble in water. All such are
very bitter.

Tests for Impurities.—Mineral salts are shown by an
insoluble residue remaining after treatment of the mor-
phine with boiling alcohol. Also by an ash remaining
after incinderation of the morphine on platinum foil.

Narcotine and Codine are shown by treating the alkaloid
with ether, filtering and evaporating the filtrate upon a
plate of glass. Morphine is insoluble in ether and a
crystalline residue after the foregoing, indicates that the
above named impurities are present.t

Cinchona alkaloids are shown by making a dilute solu-
tion of morphine in acidulated water, and then adding
bicarbonate of potassium solution until in excess. Cin-
chona alkaloids precipitate, morphine remains in solution.
Again, if morphine be treated with solution of caustic
soda it will dissolve ; cinchona alkaloids are insoluble.

Tests for Morphine—If morphine, or a salt of mor-
phine, be added to dilute solution of neutral ferric chlo-
ride, a blue color results. Morphine dissolves colorless

T Unless the morphine has been intentionally adulterated with the
alkaloids of Cinchona, or other alkaloids which dissolve in ether.
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in strong sulphuric acid ; the addition of a drop of nitrie
acid changes this solution to purple. If the solution of
morphine in sulphuric acid be mixed with a drop of solu-
tion of potassium bichromate, a green color results. Nitrie
acid dissolves morphine with production of an orange-red
color. Dissolve eight grains of molybdate of ammonium
in two fluid drachms of sulphuric acid; a drop of this
solution, if rubbed with morphine or its salts, will strike a
reddish-purple or a crimzon color, and this will pass to
greenish and finally assume a rich blue. Morphine and
the salts of morphine are strong narcotic poisons.

Treatment.—W here an overdose of morphine or its salts,
or of opium, has been taken, use the stomach pump at
once, and thoroughly. Use emetics if the pump is not at
hand ; then give strong decoctions of coffee or tea. Emet-
ics often fail to take effect in cases of opium poisoning.
Apply cold affusions to the head, chest and spine, and
keep the patient constantly in motion until the effects of
the drug have passed, even if to do so requires rather
severe whipping. Electro-magnetic shocks applied to
the head and spine are valuable. Atropia or belledonna
is said to antidote the effects of morphine, and repeated,
small doses of either of these may be given directly or
hypodermically. It should be remembered that these
latter substances are also poisons and must be used with
caution.

Morphine Sulphate, or sulphate of morphia, is the prep-
aration of morphine commonly used in this country. This
salt is soluble in about two parts of water, and dissolves
more freely in water acidulated with sulphuric acid. It
is less soluble in alecohol, and is insoluble in ether. In
this country the use of this salt has become so universal
as to lead dealers to supply sulphate of morphine when
the term morphine is used in an order.

Morphine unites with other acids with formation of
the respective salts. Of these the hydrochlorate (muri-
ate) of morphine, and the acetate of morphine, are em-
ployed to a limited extent. All the salts of morphine
are poisonous in overdoses, and the treatment in such
cases is the same as that for poisoning by morphine.

-
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Apomorphine.— Formula, C,,H,,NO,.

Synonym.— Apomorphia. '

When hydvochlorate of morphine is sealed in a strong
vessel with an excess of hydrochloric acid, and a temper-
ature of 300° I\ is applied for some hours, a molecule of
water is abstracted from the molecule of morphine. The
resulting salt has the composition ascribed above with the
addition of a molecule of hydrochloric acid.  The base
(apomorphine) may be separated by means of acid car-
bonate of sodium, and then dissolved in chloroform, from
which it is obtained by evaporation. Apomorphine dif-
fers from morphine in its physiological action, although
differing in composition only by a molecule of wuter.
Apomorphine is a violent emetic, and one-tenth of a grain,
or less, injected hypodermically, will produce vomiting in
a few moments.

Narcotine.—Formula, C,,H,;NO,.

Synonyms.—Narcotin. Narcotia.

This alkaloid remains in opium after it (opium) is ex-
tracted with water, and from which it may be dissolved
with acidulated water. It is white, cvystalline, and in-
soluble in cold water. Alcohol dissolves it to an extent,
chloroform dissolves it freely. It does not change solu-
tion of ferric chlovide to blue (distinction from morphine).
It has no soporific influence. Narcotine must not be con-
fused with— '

Nicotina (nicotia), the volatile alkaloid of tobacco.
Nicotine is soluble in water and in ether. It has a disa-
greeable, nauseous odor, and a burning taste. Chlorine
strikes with it a blood red color, and tannic acid gives a
white precipitate. Nicotine is a deadly poison, and re-
markablv quick in its action. There is no chemieal anti-
dote and the treatment seems simply to consist in the free
use of emetics (if the drug fails to vomit) or the stomach
pump.  Afterward administer oils and mucilaginous

drinks.
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Physostigmine.

Synonyms.—Physostigmia. Eserina.

This is the active principle of Calabar bean (Physos-
tigma veneosum), and is made from extract of Calabar. It
is colorless, soluble freely in alcohol, ether, and chloro-
form, and is less soluble in water. Physostigmine is taste-
less, and unites with acids to form tasteless salts which as
a rule are soluble.  Alkalies decompose it with formation
of a red color. The solutions of physostigmine and its
salts yield precipitates with the alkaloidal reagents, such
as mercuric chloride, chloride of gold, ete.

Physostigmine is very poisonous, and the treatment
consists in the use of emetics or the stomach pump, fol-
lowed by stimulants. Inasmuch as Belladonna antago-
nizes the effect of Calabar bean upon the pupil of the eve,
each has been recommended as an antidote for the other.

Piperine.—Formula, C,,H, (NO,.

Synonym.—Piperin.

This is a weak alkaloid, and is derived from black pep-
per. It is white, and tasteless if pure, but often has a
yellow color, and a peppery taste. It is neutral, soluble

in alcohol and ether, and dissolves more freely in cold
than in hot water. It dissolves freely in acetic acid.

Sanguinarine.—Formula, C, H,,NO,.
Synonyms.—Sanguinarina. Chelerythrin. Sanguinarin.

This alkaloid was originally discovered in the root of
Chelidonium majus, and named chelerythein. The fact
that it is yielded most abundantly by the rhizome of San-
guinaria Canadensis, and that considerable amounts of its
salts from this source are used in medicine, always under
the name sanguinarine or sanguinarina, we arve led to give
preference to the name sanguinarine. This alkaloid is
made by evaporating an aleoholic extract of Sanguinaria
Canadensis to dryness, and extracting the residue with
water. This is filtered, and to the filtrate, ammonia water
in a slight excess is added. The bluish precipitate is
then separated by filtration and dried. The dry mass is
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cautiously powdered, and exhausted with ether, and the
mixture filtered. The filtrate is agitated with a little
nitric acid (not in excess) whereby nitrate of sanguinarine
is produced, and this being almost insoluble in ether, pre-
cipitates as a yellowish-red magma, which becomes crim-
son when dried.. This powder, if triturated with an ethe-
real solution of ammonia gas, gives the alkaloid in a very
pure form to the ether, and from this solution it may be
obtained by evaporation. Sanguinarine is a white powder,
insoluble in water, soluble in alcohol and in ether. It is
intensely irritating when inhaled, even a minute portion
of dust rendering the air of a room almost irrespirable.
Sanguinarine is remarkable for the fact that all of its salts
are red, the alkaloid being white. It is a strong base and
forms salts with even the weak organic acids. These are
made by simply neutralizing the alkaloid with a weak
solution of the necessary acid, and evaporating to dryness.
Of the salts, nitrate of sanguinarine and sulphate of
sanguinarine are in considerable demand.

Strychnine.—Formula, C,,H,,N,0,.

Synonyms—Strychnia. Strychnin.

This active poison is an alkaloid of Nux vomica. It
is white, odorless and intensely bitter. It dissolves in
6000 parts of cold water and even in this proportion im-
parts a distinct bitterness. Hot alcohol dissolves one-
tenth part of strychnine, and from this solution the
alkaloid crystallizes in prisms upon cooling. Ether and
alkaline solutions can not dissolve strychnine. Strychnine
is a strong base, and unites with acids to form salts,
mostly soluble in water. Owing to the fact that strych-
nine is in common use as a medicine, and that its poison-
ous properties are w1l known, cases of poisoning by this
drug are rather frequent.

Tests for Strychnine.—Mix a little strychnine with a
little concentrated sulphuric acid and add oxide of cerium.
A beautiful blue color results, which changes slowly to
purple. Peroxide of lead produces a blue color when it
is added to the solution of strychnine in sulphuric acid.
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If to a solution of strychnine in sulphuric acid, a little
nitric acid be added, and then binoxide of manganese, a
purplish-violet color results. The foregoing tests are
characteristic, and very delicate.

Tredtment of poisoning where strychnine, or salts of
strychnine have been taken.  If the mouth can be opened,
empty the stomach by means of a stomach pump or
emetics. Keep the patient as quiet as possible, and let
the attendants move cautiously and speak low. A loud
noise or ajar will often throw the person into convulsions.
Keep the room dark. Chloral hydrate or chloroform may
be administered until the patient is influenced. Resort
to artificial respiration if necessary.

Veratrine.—Formula, C,,H;,N,0,.

Synonyms.— Veratrin. Veratria.

This alkaloid is obtained from Veratrum album. It is
seldom employed in medicine in consequence of its violent
action. Veratrine is white, and soluble in alcohol. Itis
acrid and bitter to the taste. If the dust of this alkaloid
be inhaled, even in minute proportion, it produces violent
sueezing, followed by subsequent irritation of the mucous
membrane.

At one period it was thought that Veratrum viride con-
tained this alkaloid, but further investigation demon-
strated that such was not the case.

GLUCOSIDES.

This class of organic bodies yields glucose as a product
of decompusition when boiled with acidulated water.
They are complex in composition, odorless, usually neu-
tral, but sometimes slightly acid in reaction. Asa rule
they dissolve in hot alcohol. Ouly a few glucosides are
employed in a pure form as medicines. Many are known
to exist as active principles of plants, but which are not
purified. If a glucoside be boiled with dilute sulphuric
acid, and the solution be then neutralized with carbonate
of barium and filtered, the filtrate will give, with Feh-
ling’s solution, the reaction which characterizes glucose.

.~
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Glucosides are sometimes called neutral or indifferent prin-
ciples. We use the syllable in as a termination instead
of ine as with alkaloids.

Salicin.—Formula, C, ;H, ;O,.

Salicin is derived from willow bark (Salix), and from
thence obtained its name. It is also found in poplar bark.
Salicin is white, crystallizable, odorless, and very bitter.
It dissolves in half its weight of boiling water, and in three
parts of boiling alcohol.  Sulphuric acid produces with it
a purple-red color. If boiled with dilute sulphuric acid,
glucose and a body called saligenin results.  Saligenin
in aqueous solution gives a deep indigo-blue color with
ferric salts. Oxidizing agents, such as chromic acid,
convert it into aalicylic acid and salicylic aldehyd. From
this fact the name “ salicylic acid ” was derived.
Santonin.—Formula, C,;H, O,.

Synonyms.—Santoninum. Santonic acid.

This substance is obtained from wormseed. It is now
accepted to be the anhydrid of a weak acid and is called
santonic anhydrid. Santounin is white, erystalline, odor-
less, and slightly bitter to the taste. It turns yellow by
exposure to the light, dissolves in three parts of boiling
alcohol, and in forty-three parts of cold alcohol, in five-
thousand parts of cold water, and in about four and one-
half parts of cold chloroform. Santonin unites with alka-
lies to form soluble salts.

Adulteration and Tests.—Santonin is often adulterated
when purchased from irresponsible parties. We once
noticed a sample containing 75 per cent. boric acid. Borie
acid will not dissolve in chloroform, and imparts a green
color to an alcohol flame. If a specimen of santonin
refuses to dissolve perfectly in an excess of chloroform,
the insoluble matter is adulteration, and is likely to be
boric acid, or potassium chlorate. If santonin dissolves
to any appreciable amount in cold water, soluble impuri-
tiesare present. Ifitis yellow, and very bitter, picric acid
is likely present, and the aqueous solution will then stain
the nails vellow, and form an insoluble precipitate with
diluted solution of berberine.
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Cathartic Acid issaid to be the cathartic principle of
senna. The high atomic composition C,goH,4,N,04.8,
is ascribed to it. This substance is not used in the pure
state.

Amygdalin, C,,H,,NO,,, is a glucoside of bitter
almonds and which with emulsin yields hydrocyanic acid.
The chemical history of this glucoside is interesting to
theorists, but hardly appropriate for consideration in a
work of this description. It is decomposed by both acids
and alkalies.

Digitalin, C,,H,,0,,, is prepared by a tedious opera-
tion from Digitalis purpurea. It isau active poison, has
a yellowish color, is neutral, odovless and very bitter. In
this country digitalin is not used in medicine, but it is
officinal in the British Pharmacopceia.

@lycyrrhizin.—This is the sweet principle of liquorice
root (Radix Glycyrrhizee). It unites with ammonia and
with quinine, forming with the latter body an insoluble
compound. It is mainly owing to this fuct that solutions
of liquorice are employed to disguise the taste of quinine.
In such cases it must be remembered that the quinine
precipilates and is not in the solution. Mixtures of this
description must be well shaken before each dose is ad-
ministered.

Oolocgnthin is the active principle of colocynth, and
a glucoside. It has the composition, C54Hg 40,5, and is
soluble in water and in aleohol, but insoluble in ether.
Sulphuric acid strikes with it a red color. This glucoside
must not be confused with the so-called ¢resinoid,”
Colocinthin, which is not a definite compound.

Aisculin, is a white glucoside of the horse chestnut
(/Esculus Hippocastanum), and recently asserted to be
identical with gelseminic acid. It is white, crystallizable,
and strikes a blue fluorescent color with alkaline aqueons
solutions,

Jalapin is the active principle of scammony. The
article sold in this country as Jalapin under the elastic
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name “ concentration,” or ¢ resinoid,” is either a dried

extract of jalap, or the resin of jalap.

Colvolvulin is a glucoside and constitutes the larger
part of resin of jalap (see jalap resin.) There are many
glucosides besides those we have named, but such are not
employed in medicine. Saponin, Smilacin, Pectin, etc.

P ) ’ ) ’
are examples.

RESINS.

This is a class of bodies very widely distributed through-
out the vegetable kingdom. True resins seem to be formed
from the oxidation of volatile oils. They are insoluble
in water. Resins often contain admixed volatile oils,
which impart an odor. Alcohol (pure) dissolves all resins.
Ether and oils dissolve Most resins. Some resins are
tasteless, others bitter. Some are transparent and color-
less, others colored or even black. All resins contain
carbon and hydrogen, many contain carbon hydrogen
and oxygen; none contain nitrogen. Solution of the
caustic alkalies dissolves most resins, soapy mixtures re-
sulting. Resins fuse by heat, then decompose and burn
with smoky flames. If most resins be submitted to dry
distillation oily products result. These are generally
hydrocarbons.  Many of the resins of pharmacy are not
true resins, but approach them more nearly than they do
any other class of organic bodies. Others are now proven
to be mixtures of substances, but long usage retains for
such the name resin, and we shall consider them among
the resins + '

Resin.

Synonyms.—Rosin. Colophony. Resina. Resine.

This is typical of the resins, and is the most common
example. It is made by distilling crude turpentine,
obtained from the pine, whereby the volatile oil is driven
from the retort, resin remaining. Resin is found in

t Some consider, under the name “resinoids,” all bodies which
partake of the characters of resins. In this country the term ‘ resin-
oid’ hus been applied by some indiscriminately to a class of bedies,
embracing alkaloids, extracts, etc., and often of a secrete nature.
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market ranging in color from a deep brown to a very
light straw color. The lighter colors are most valuable.
Resin consists mostly of an acid called sylvic or abietic
acid (C, ,H;40,), which may be obtained by treating resin
with alcohol, filtering, and adding water to the filtrate.
Minute crystals of the acid are thereby precipitated.
These may be obtained in large crystals by dissolving in
hot alcohol and afterward cooling the solution. Resin is
of great use in pharmacy, entering into plasters, cerates
and ointments.

Resin of Jalap.

Synonyms.—Resina. Jalapa.

This is a resinous substance and is obtained from jalap.
It is made by exhausting the powdered tubers with alcohol,
distilling the alcohol, then pouring the residue into cold
water. The resinous matter separates, and by repeated
washing is freed from glucose and the other substances
which are soluble in water. Resin of jalap is a mixture
of two resins, one soluble in alcohol and in ether, the
other soluble in alcohol, but insoluble in ether, This
latter is known generally as convolvulin, although Kayser
named it rhodearetin, in 1844. Convolvulin is almost
colorless when pure and is odorless and tasteless. It is
said to have the composition CgyH,00052, and to be the
anhydrid of convolvulic acid, C,H,1c0,,. When it is
boiled with dilute acids it splits into glucose and con-
volvulinol, C3H,;O04. Convolvulinis soluble in alkaline
solutions, but is not reprecipitated when they are rendered
acid. The portion of jalap resin which is soluble in ether,
is soluble in alkaline solutions and reprecipitated from
them by acids. The reader must bear in mind that jalapin
is the active principle (resin) of scammony, and that con-
volvulin is the active principle of jalap. It wonld be
better were these names reversed and consistent. The so-
called resinoid jalapin is simply purified resin of jalap
dried and powdered. Owing to the moderate price of
jalap, adulteration of resin of jalap is hardly an object at
the present. The most likely admixture is powdered
jalap, and this can be shown by treating a specimen of

™~
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jalap resin with an excess of boiling alcohol. The woody
matter will in this case remain as a residue.

Resin of S8cammony.

Synonym.—Resina scammonii.

This resinous body is made from powdered scammony
(scammony root B.P.) in the same manner that jalap
resin is produced from jalap, boiling alcohol being used
in place of the cold alcohol of that operation. Resin of
scammony is of a brown color and is perfectly soluble in
alcohol and in ether. It seems that the larger part of this
resin is a glucoside of the composition, C;3,H 50,4, and
is unfortunately named jalapin. Resin of scammony
turns red when treated with sulphuric acid. It dissolves
in solution of caustic alkalies, and an excess of the min-
eral acids will not precipitate such a solution.

Dragon’s Blood.

Synonym.—Resina draconis.

This is an impure resin of a dark brownish-red color
externally, brighter red internally. It is found in market
in cylindrical sticks, and is the product of the fruit of a
palm, Calamus draco (Wild). Dragons blood consists
mainly of a resin soluble in alcohol, but which is not
used in medicine in a purified condition.

Resin of Podophyllum.

Synonyms.—Podophyllin. Resina podophylli.

When the rhizome of podophyllum peltatum are pow-
dered and digested in alcohol tlis so-called resin is
extracted. If the alcohol be evaporated from such a
tincture, and the residue poured into cold water, the
resinous substance settles, and may be purified from ad-
mixtures by repeated washings with cold water. The
name podophyllin was originally ascribed to this substance.
Resin of podophyllum is mostly soluble in alcohol, but
after each solutioun of it and the subsequent exposure in
drying, a change results which renders a certain amount
insoluble in fresh portions of alcohol. About one-fourth
of the resin dissolves in ether, and this is said to be more
strongly cathartic than the other portion. Resin of
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podophyllum differs in color according to the mode of
precipitation and subsequent drying. It can not be made
of a yellow, or a greenish yellow color without the use of
chemicals. That article which is sold on the market of a
yellow color is made by precipitating the resin (y means
of alum water. To an extent resin of podophyllum dis-
solves in hot water.

Resin of Leptandra.

Synonym.—Leptandrin.

This is a product of the dried root of Leptandra Vir-
ginica. It is made according to the process for making
resin of podophyllum. Resin of leptandra is black, very
much resembling asphaltum and, has a peculiar odor. At
one time this article was thrown on the market (leptan-
drin) as the active principle of Leptandra Virginica, and
was included among the so-called “resinoids.” The ex-
periments of the writer lead him to believe that this resin-
ous body is produced by the decomposition of a glncoside,
and that it does not exist in the sound portions of green
Leptandra root.

Resin of Cimicifuga.

Synonyms.—Cimicifugin. Macrotin.

This body is made by evaporating the alcoholic tine-
ture of Cimicifuga root to the consistence of an extract,
and then pouring it into water. The resinous substance
which separates is then washed with water and dried by
exposure to the air. This has a brownish color and a
peculiar smoky odor. It imparts a sweetish taste, if
chewed. Considerable amounts of this resinous body are
sold under the terms given as synonyms at the head of
our article. It was originally introduced as a resinoid,
and at present the position is appropriate.

OLEORESINS.

These are mixtures, mainly of resinous bodies and
volatile oils. They are more or less soft, and are obtained
by evaporating an ethereal or an alcoholic tincture to the
consistence of a syrup,and then pouring the residue into
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cold water. The mixture of oil and resin now scttles.
The oleoresins often depend more or less upon the pres-
ence of other substances for their medicinal values, the
actual oleoresin serving to envelop such bodies and pre-
vent their solution in the water. We do not feel that it
is necessary to dwell at length upon the oleoresins of com-
merce as the subject is properly connected with pharmacy.
They may be named as follows :—

OLEORESINA. OBTAINED FROM
Aletrin ceceeeeereeeivnrereneeceeennaenes Aletris farinosa.
Apocynin..... .. « «....Apocynum cannabinum,
Asclepedin......cceee veeveneeierannnn ... Asclepias tuburosa.
Capsicin or
83 Sil(:'i

ubebin or
Cubebse veveernsereeeneaessnCubebs.
Felicis...c.ccovnnne ceesereesnanenss. seeeMale fern.

Helonin coeeveeeereeniennnenn. ..Chamelirium luteum.
Irisin..cocceeeenieessenereisrecensenneeeea. ITiS versicolor.

sevresmessnneeesncssss.Capsicum,

Lupulinz... veaeeeenese. Lupulin,

iperis ........ . eseeneeeee. Black pepper.
Xanthoxylin.. eeeeenseneeen. Xanthoxylum fraxineum.
Zingiberis.cccecerenivreeeerenereneenne.. Zingiber.

RESINOIDS.

Under this heading some years ago, certain manufic-
turers of pharmaceuticul preparations classed a number of
substances. To the majority of these the name  resi-
noid” could not be given with any degree of propriety.
Muny of the so-called resinoids were true alkaloids, some
were resius, others were dried solid extracts, or bodies of
a like nature. 'We have classed among the resins or the
alkaloids all of those which we believe deserving of notice.
If an injustice has been shown any of the so-called * re-
sinoids” the claims of such articles will be cheerfully
considered if any person will notify the author of that
fact. It might, perhaps, be justly argued that resin of
podophyllum is not a true resin, and should be classed as
a resinoid.

34
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VOLATILE OILS.

These are obtained by distillation of plants with water.
Volatile oils are also kuown as essential or ethereal oils.
These bodies are usually mixtures of eleoptens + and stea-
roptens,] and are prone to absorb oxygen, so that age alters
their properties to a great extent. Numbers of volatile
oils are composed of two or more isomeric eleeoptens
mixed with stearoptens. The taste of the volatile oils is
usually hot and burning.  When freshly distilled the ma-
jority of them are colorless, but many darken by age.
When some volatile oils are submitted to fractional distil-
lation, they yield several isomeric eleoptens, differing
.mainly in their boiling.

Volatile oils are subject, i certain cases, to great adul-
teration. The ingenuity displayed by those engaged in
the business of adulterating them would be admired if
brought forward in a better canse. No sooner is one
adulterant exposed than another takes its place. Owing
to the variation in composition, gravity, and other prop-
erties of many oils by age and exposure, even if pure, it
is difficult to give fixed rules for detecting impurities.
This fact, and also the fact that many oils are isomerous,
forces us to rely more upon the lonor of manufacturers
and dealers than upon tests for impurities. The writer
has been led to the opinion that adulterated oils, as a rule,
are obtained by such as will not pay the market value of
pure oils, and that in such cases the adulteration is in
proportion to the price at which the oil is demanded. Of
course, there are exceptions; it may be that certain im-
ported oils are always adulterated, but it is certain that
the volatile oils made in this country may be purchased

1 Elceoptens are hydrocarbons, usually isomeric with oil of
turpentine, C,;Hi. They are liquid, and often hold in solution
stearoptens. By absorption of oxygen they may change to stea-
roptens.

1Stearoptens. These are the result of the oxidation of eleop-

tens, having the composition CioHieO. They are solid or cam-

‘\Ql'lor-like bodies. and often crystallize from volatile oils that are
posed to the air, or which are reduced in temperature.
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perfectly pure, if the purchaser is willing to pay their
real value.
Oil of Anise.

Synonym—Oleum anisi.

This is the distilled oil from the fruits of Pimpinella
anisum and Illicium anisatum. That from the latter is
properly oil of staranise, but the two are not distinguished
in commerce, and are sold under the general name, oil of
anise. Oil of anise is almost colorless or of a pale straw
color when fresh, but darkens by age. The specific grav-
ity is from 0.97 to 0.98, but according to Zeller it may
rise in old oils to 1.028. Anise oil solidifies at a moder-
ately high temperature, forming a crystalline mass. This
varies in accordance with the origin of the oil, and sub-
sequent age and exposure. The true anise oil, if fresh,
is said to congeal at about 10° C. (50° F.) while oil of
staranise requires a temperature of 2° C. (35.6° F.)

Oil of anise is composed mainly of a body named ane-
thol, C,H,,0, which exists in two isomeric forms, one
solid at ordinary temperatures, the other liquid. Anise
oil also contains a small amount of an eleeopten. If an-
ise oil be adulterated with wax or with spermaceti, these
bodies will remain insoluble upon digesting the mixture
with eighty per cent. alcohol.  Alcohol is shown by agi-
tating the liquefied oil witly water, the decrease in bulk of
the oil being due to loss of alcohol.

Oil of Artemisia.

Synonyms.—Oil of wormwood. Oil of absinthium.

This is obtained by distillation of the herb Artemisia
absinthium, and when crude has a greenish color. If re-
distilled, however, it may be obtained nearly colorless.
Oil of wormwood possesses the odor of the herb, has a
pungent taste, but is destitute of bitterness.

Oil of Bergamot:
Synonym.—Oleum Bergamii.

This oil is yielded by the fruit of Citrus limetta, D. C.,
and is imported from Ttaly. It is used only as a perfume.
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The color is greenish, the specific gravity from 0.86 to
0.88 ; the odor is pleasant to most persons. Bergamot oil
dissolves in its own weight of alcohol. The fresh oil
contains a waxy matter (CoHgO;) which erystallizes upon
standing, and is known as bergamot camphor. The prin-
cipal part of the oil is a mixture of eleoptens of the for-
mula, C,(H,;. Bergamot oil is adulterated to suit the
price which consumers desire to pay for it. The adulter-
ants are turpentine oil, alecohol and other and cheaper vol-
atile oils, although occasionally a fixed oil is introduced.
The best test is officinal aleohol, in which bergamot oil
should dissolve freely, bulk for bulk  This, of course,
will not detect alcohol. If alcohol be present the fact
may be shown by shaking together measured amouuts of
the suspected oil and water. Upon standing the oil will
separate, and the increase in bulk of the water will give
about the proportion of alcohol present in the bergamot
oil.

Oil of Capsicum.

Under this name an article is sold which in reality is a
concentrated solution of the principles upon which capsi-
cum depends for its medicinal value. This is made by
exhausting capsicum with stronger alcohol, evaporating
the alcohol until the residue is of the consistence of a
syrupy extract, then digesting the extract in twenty times
its bulk of sulphuric ether. The ethereal solution is then
filtered and the filtrate evaporated to an oily counsistence.

This so-called oil of capsicum is intensely fiery and
represents in a concentrated degree the properties of cap-
sicam. It has a red color, and if old, is disposed to de-
posit a brown sediment due to the decomposition of the
red astringent principles. It countains capsicine, and such
other of the constituents of capsicum as are soluble in
ether, these being held in liquid form by the natural fixed
oil of the capsicum.

Oil of Caraway.

Synonyms.—Oil of carum. Oleum carvi. Oleum cari.

This is the volatile oil of the fruit of Carum carvi, and
is obtained in the usual manner. Tt is colorless and mo--
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bile when fresh, but becomes colored and gummy by age
and by exposure. It has the agreeable odor and taste of
caraway seed. Oil of caraway dissolves in all proportions
in alcohol. Tt is liable to be adulterated with turpentine
oil, and this can be carried to a great extent without alter-
ing the color and taste of the caraway.

Oil of caraway is a turpene, C,  H , 5 (carven), and this bg'
oxidation forms carvol, C, H, 0. Carven distills at 175°,
carvol between 175° F. and 230° F.

Oil of Chenopodium anthelminticum.

Synonyms—Oleum Chenopodii. Oil of wormseed.

This oil is obtained by distillation with water of the
fruit of Chenopodium anthelminticum. It is colorless
when fresh, but changes to brown, and thickens by age
aud exposure. The taste and odor are that of wormseed.
This oil is composed of an elceopten, C,H, ¢ and a stea-
ropten, C,,H, 0. Tt is often adulterated with oil of tur-
pentine.

Oil of Cinnamon.

Synonym.—Oleum Cinnamonii. :

This. according to the U. 8. P., is the distilled oil of
Ceylon ciunamon. That in common use is oil of cinna-
mon cassia, or oil of cassia. These oils resemble each
other so nearly that in reality little preference can be
made between them. The finer qualities of cassia oil ap-
proach, if not equaling, in color and odor the oil of Cey-
lon cinnamon.  Cinnamon oil is pleasant to most persous,
resembling in odor and taste the ordinary cinnamon bark.
Oil of cinnamon and oil of cassia have a light yellowish
color when recent, which changes to red or even brown
Ly age and exposure. Oil of Ceylon cinnamon is said to
have the specific gravity of 1.035 or 1.055, while the spe-
cific gravity of oil of cassia is from 1.060 to 1.065. Spe-
cific gravity alone, however, is of little value as a detect-
ant of admixtures, for artful adulterators can produce the
desired gravity without trouble.
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Oil of cinnamon consists chiefly of cinnamic aldehyd,
C,l,OH. By age cinnamic acid, CaHgO,, is formed to
an extent, accompanied by a reddish resin. Cinnamon
oil should mix without residue with its own bulk of offi-
cinal alecohol.

Oil of Cloves.

Synonym.—Oleum caryophylli.

This volatile oil is made by aqueous distillation of
cloves. Qil of cloves is colorless or pale yellow when re-
cent, but becomes brown by age. It has the odor and
taste of cloves, but very much increased. It dissolves
readily in alcohol, has a specific gravity of from 1.034 to
1.056, and boils at about 240° C. (455° F.)  Oil of cloves
contains eugenic acid, HC, I, ,0,, a hydrocarbon of the
composition, C;oH, ¢, and a stearopten.

Oil of Copaiba,

Synonym.—Oleum copaibee.

The essential oil is obtained by distilling copaiba bal-
sam with water. It is colorless, and thin when fresh, but
becomes thicker and oily by age and exposure. It has
the disagreeable odor and taste of copaiba, specific gravity
of from 0.88 to 0.91, and cousists of isomerous eleeoptens
of the composition, G, H,;, or of eleeoptens with a tur-

pene polymeric with oil of turpentine, and in this case is
represented by C,oH;,.
Oil of Coriander.

Synonym.—Oleum Coriandri.

This essential oil is derived from the fruit of Corian-
dium sativam (Lin.), and in the usual manner for making
essential oils. It is clear, has the odor of the fruit from
whence it is derived, and the specific gravity of from 0.86
to 0.87.  When this oil is distilled from phosphoric an-
hydrid it vields an isomerid of C,oH,s known as cam--
phene. The oil of coriander is supposed to be C, ,H 4-

HZO: It reacts violently if mixed with indine, often ex-
ploding. The adulterant is turpentine oil.
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Oil of Cubebs.

Synonym.—Oleum cubebe.

This is made by distilling Cubeb berries with water.
It is colorless, has the odor of cubebs, an aromatic taste
and the specific gravity 0.92. Tt is mainly composed of
cubebene, or C,; H, ,,

Oil of Erigeron.

Synonym.—Oleum Erigerontis Canadensis.

Oil of crigeron is made by distillation with water of
the herb of Erigeron Canadense. (Lin.) It iscolorless when
fresh and huas a rather disagreeable odor. It becomes red
by age. Oil of erigeron is sometimes sold for oil of fire-
weed, but the true oil of fireweed is derived from the
Evrechthites hieracifolius.

Oil of Fennel.

Synonym.—Oleum Feeniculi.

This is obtained by distilling bruised fennel-seed with
water. It has the odor and taste of feunel, the specific
gravity 0.968, and cousists of liquid and solid anethol,
and a liquid hydrocarbon of the composition, C, H,g.
Oil of fennel mixes with its bulk of alcohol without pre-
cipitation.

Oil of Juniper.

Synonym.-—Oleum Juniperi.

This oil is obtained from juniper berries by distillation
with salt water. It has the odor of the berries, is color-
less, and consists of a mixture of hydrocarbons of the
general composition, C, (H, . By combination with water
a hydrate is formed, C, H,;H,0. Oil of ripe juniper
berries boils at 205° C.  The oil which is derived from
unripe berries contains in addition an oil which boils at
155° C.  Oil of juniper wood is sometimes employed as
a liniment. Ttiscolorless and thin when fresh, but darkens
and becomes thick by age. :

Oil of Cade is a tar-like oil obtained by destructive dis-
tillation of the wood of Juniperus oxveedrus. Oil of juni-
per berries and wood is largely adulterated with turpen-
tine oil.
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Oil of Lavender.
Synonym.—Oleum Lavandulee!

* This is obtained by aqueous distillation from the flowers,
or the flowering tops of Lavaudula vera, D. C. It is
colorless and limpid when fresh, becoming thick and red
by age. It is fragrant, has the specific gravity of from
0.87 to 0.91 and mixes with its own weight of alcohol.
Oil of lavender contains a hydrocarbon of the composi-
tion, C, 11, 4. and a stearopten which (Dumas) resembles
common camphor. Turpentine oil is employed as the
adulterant of oil of lavender, and such mixtures are less
soluble in aleohol than the pure oil. In commerce inferior
oils, derived from different parts of the plant, are sold
simply as oil of lavender. The best quality, that dervived
from the flowers, is known as oil of garden lavender. This
last should be used by pharmacists.

Oil of Mustard, (Volatile).
Synonym.—Oleum sinapis.
This oil is produced when black mustard seed is de- .

prived of its fixed oil by pressure, the residuum being

distilled with water. It does not exist in the seed, but is
the result of the decomposition of myronic acid, or myron-
ate of potassium, under the influence of a ferment named
myrosin. Oil of mustard has the composition, C,H;.CNS.

It is in reality, sulphoeyanide of allyl. It is somewhat

soluble in water, is colorless or nearly so, if pure, and has

a powerful and pungent odor. This is so penetrating as

to take the breath from a person who chances to incau-

tiously inhale it. The writer witnessed a case in which a

boy after inhaling it dropped, at once, insensible. Fresh

air and cold water, the latter applied to the head and back,
restored him to conscionsness. This oil should be handled
cautiously, and never confounded with the expressed

(fixed) oil of mustard, which is bland and inert.

Oil of Lemon.

Synonym.—Oleum limonis.

This is the volatile oil of lemon peel, and is obtained
by breaking the oil cells of the rind and draining from
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them the oil. Inferior oil of lemon is made by distilla-
tion with water. Oil of lemon has the specific gravity
of about 0.852, is yellowish and should possess the fra-
grance of fresh lemon peel without contamination with a
turpentine odor. Commercial oil of lemon coutains
usually some white flocculent matter which separates by
standing. The clear oil should dissolve perfectly in eight
parts of alcohol, and yield a clear solution. By age oil of
lemon undergoes a change, acquiring a turpentine-like
odor. This is retarded by the addition of about five per
cent. of alcohol. Two hydrocarbons of the composition,
C,oH ,, constitute the bulk of lemon oil. These absorb
oxygen by exposure and give rise to a precipitate called
citroptene. Oil of lemon is extensively adulterated, the
adulterant usually being turpeuntine oil.

Oil of Lobelia.

The seed of Lobelia inflata contains a large amount of
a fixed bland oil, and which must not be confused with
the article sold as “oil of lobelia.” This is made by
exhausting powdered lobelia seed by means of stronger
aleohol, then evaporating the alcohol and extracting the
residue with twenty times its bulk of cther. The ethereal
solution is to be filtered and then evaporated until all of
the ether is expelled. The result is the so-called “oil of
lobelia.” Tt is in reality the fixed oil of lobelia contain-
ing in solution the active principles of the seed. It rep-
resents the emetic properties of the seed in a very much
increased degree. Such properties do not result from the
oil, but from the substances the oil holds in solution.
Oil of Nutmeg.

Synonyms —Oleum myristicee. Volatile oil of nutmeg.

Oil of nutmeg is obtained by aqueous distillation of
ground nutmegs. It is yellowish, limpid, possesses the
odor of nutmegs, and has the specific gravity of from 0.92
to 0.95. It consists mainly of a hydrocarbon, C, H,,,
and by absorption of oxygen deposits a stearopten, myris-
ticin.  Nutmegs vield by pressure a fixed oil which is of
a firm consistence and a dark color. This is maiunly a fat,
myristin, of the composition C3H,3C, H,,0,.

35
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Oil of Origanum.

Synonym.—Oleum origani.

This oil is obtained by distilling with water the fresh
herb, Origanum vulgare. (Lin.) It is limpid and has,
when fresh, a yellow color. By age it becomes brownish.
The chemistry of this oil has yet to be determined with
satisfaction. Oil of origanum of commerce is generally
the volatile oil of Thyme (Thymus vulgaris, Lin.), usually
at the present day destitute of thymol. The cheap com-
mercial oil of origanum contains turpentine oil.

Oil of Pennyroyal.

Synonym.—Oleum hedeomze. .

This is the volatile oil of Hedeoma pulegioides (Lin ),
and is obtained by distillation of the herb with water. It
is colorless when fresh and has the odor of pennyroyal.
By age it darkens and the odor becomes like turpentine.
The specific gravity is about 0.95. Alcohol dissolves it
freely. :

Oil of Peppermint.

Synonym.—Oleum menthee piperite.

The fresh herb of Mentha piperita (Lin.) is distilled
with water in the usual mauner for obtaining volatile oils.
Peppermint oil is colorless when fresh, although some
specimens have a yellowish or a greenish tint. By age
and exposure it becomes viseid and dark colored. It has
the specific gravity of about 0.90, dissolves perfectly in
four parts of officinal alecohol.  Oil of peppermint con-
tains a liquid hvdrocarbon, C, (H 4, termed menthene, and
a solid body known as menthol or mint camphor. This
latter substance is the principle to which the oil owes its
fragrance and taste. Tt has the composition, C, H,,0.
and seems to be a hydrate of menthene (C,,H,sH,0.).
“The adulterants of peppermint oil are generally turpen-
tine oil, castor ojl or alcohol. .

Oil of Rose.
Synonyms.—Olenm rose. Otto of rose.

This valuable oil is made by distilling water with the
flowers of a variety of Rosa damascena. (Miller). Oil of
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rose is employed as a perfume for certain pomades, and
as an ingredient of cologne and other perfumes. It has
a yellowish color. It solidifies at about 50° F., if slowly
cooled to that point. Oil of rose cousists of an eleeopten
and a stearopten. Commercial oil of rose varies in
purity according to the price for which it is sold. The
adulterants are olive and castor oils, alcohol, spermaceti
and oil of rose geranium. The property of congelation
is imparted to such mixtures by the spermaceti.

Oil of Rosemary.

Synonym—Oleum Rosemarini.

This is, when fresh, a colorless, fragrant oil, obtained
by aqueous distillation from the fresh tops of Rosemarinus
officinalis. (Lin). The specific gravity ranges form 0.88
to 0.91. It contains a stearopten which resembles cam-
Ehor, and which is doubtless produced by the oxidation of

ydrocarbons.

Oil of Rue.
. Synonym.—Oleum rutze.

This is obtained in the usual manner by distillation of
water with the fresh herb of Ruta graveolens. (Lin.) It
is colorless if fresh, changing to yellow by age. At a low
temperature it congeals, forming shining scales. Oil of
rue contains a hydrocarbon of the composition, C, H g,
and an oxygenated body which constitutes the bulk of
the oil. This latter substance has been proven to be a
ketone, and to have the composition, CH;.CO.C,H .

Oil of Sassafras.

Synonym.—Oleum sassafras.

Oil of sassafras is made by distilling the bark of the
root, or even the entire root of sassafras officinale, with
water. It is colorless when pure, but chauges to red by
age. Tt has the specific gravity of about 1.090, and a
pleasant taste. The bulk of sassafras oil is composed of
C,oH,0,, and has been named safrol. Oil of sassafras
also contains a hydrocarbon of the composition, C,,H,,.
Sassafras oil is adulterated for the benefit of those who
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desire a cheap article. In such cases oil of turpentine is
usually employed, but this is not necessarily the case. Oil
of sassafras will dissolve iodine quietly, is violently de-
composed by bromine, and acquires a red color in the cold
if acted upon by nitric acid.

Oil of Savin.

Synonym.—Oleum sabine.’.

This is distilled from savin (Juniperus sabina) by the
usual method for obtaining volatile oils. . It is colorless
when fresh, has the specific gravity of about 0.90 or 0.91,
and has the disagreeable odor and taste of savin. Savin
oil consisis of a terpene, C, H,4, closely resembling tur-
pentine oil.

Oil of Stillingia.

Synonym.—Oil of Queen’s root.

The root of Stillingia sylvatica (Lin.) yields by treat-
ment with ether, or with benzine, a solution of a tixed oil,
This oil is afterward obtained in a pure form by evaporat-
ing the ether or benzine, dissolving the residue in aleohol,
filtering this solution aud evaporating the filtrate until
the alcohol is expelled. Oil of stillingia made in this
manuer is clear and of a greenish color, about the consist-
ency of olive oil, and like that oil congeals upon cooling.
It is soluble in alcohol and in ether. When swallowed it
leaves an acrid sensation in the throat. The article sold
on the market under the name “oil of stillingia” is
entirely a different preparation. It is simply a concen-
trated alcoholic extract. To make this, exhaust powdered
stillingia root well dried, with stronger alcohol, and evapo-
rate the percolate to the consistence of a thin syrup. Mix
with this when cold, a like bulk of ether, and agitate. In
twenty four hours filter the result, and evaporate the fil-
trate to the consistence of a thick syrup. “Oil of stil-
lingia,” as thus made, contains the larger part of the
therapentical principles of the root, and is free from most
of the gnmmy and inert extractive matters. Tt has a red
color, due to the presence of tannates, and sometimes
gelatinizes in consequence of the presence of such sub-
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stances. We admit that this preparation may be an ex-
cellent therapeutic agent, but we insist that it does not
deserve the name “oil,” and that such a title is a
misnomer.

Oil of Turpentine.

Synonyms.—Turpentine. Spirit of turpentine. Oleum
terebinthinge. )

Various species of Pinus exude an oleoresin which is
properly turpentine.  This, when distilled, furnishes a
volatile oil, oil of turpentine, the residue within the retort
being rosin. Turpentine is typical of the terpenes. It
has the composition, H,,C,4, from whatever source ob-
tained, but it differs very much in optical and other
respects, according to origin. It is colorless and has a
peculiar disagreeable odor. It is insoluble in water, dis-
solves in about ten parts of officinal alcohol, is oxidized
by nitric acid and potassium permanganate, and if it is
mixed with bromine or iodine a violent reaction resvlts.
It unites with hydrochloric acid to form the compound,
C,oH, HCL, turpentine camphor. The same name is
applied to a combination of turpentine oil and water,
C,oH;3,0. Oil of turpentine readily dissolves oils, many
resins, sulphur, phosphorus and other like bodies. Oil
of turpentine is used as an internal remedy, and in such
cases the redistilled oil should be employed.

Oil of Tobacco.

Synonym.—Oleum tabaci.

This so-called volatile oil is made by the destructive
distillation of dry tobacco. It is a dark brown liquid of
a strong, peculiar odor. It doubtless contains nicotine
and some other peculiar bodies, and the general products
of vegetable destructive distillations.

Oil of Valerian.

Synonym.—Oleum valeriane.

This volatile oil is obtained by aqueous distillation from
the root of Valeriana officinalis. (Lin.) Tt is of a yel-
lowish color when recently distilled from fresh valerian,
but by age darkens and thickens, acquiring a rank, strong
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odor. Oil of valerian contains a hydrocarbon, C, H g,
valerol, UsH, (O, and valeren (borneen), C,,H,30. By
the gradual decomposition of oil of valerian, valerianic
acid as one product is produced, and at one time valeri-
anic acid was made from valerian root. At present, how-
ever, it is made from fusil oil.

Oil of Wintergreen.
Synonyms.—Oil of gaultheria. Oleum gaultheriz.
This is made by aqueous distillation of wintergreen

herb. It is colorless when fresh and pure, but changes

to reddish by age, especially if in tin or iron containers.

It is remarkable for its specitic gravity, being heavier

than water (1.17 to 1.18), therefore, the pure oil will sink in

water. Oil of wintergreen has a pleasant aromatic odor, is

mainly composed of methylsalicylic acid, CH, C,H,0O,,

and when heated with caustic alkali it will form a salicy-

late of the alkaline metal, methyl aleohol being liberated.

Besides methylsalicylic acid, wintergreen oil contains

about 10 per cent. of a hydrocarbon, C, H, ¢, named

gaultherilene. Wintergreen oil is extensively adulterated,
and to snit the price which the purchaser desires to pay
for it. Sassafras oil is generally employed, the necessary
specific gravity being given by the admixture of the
requisite amount of chloroform. In such eases the chloro-
form can be separated by distillation at less than 200° F.,
and the odor of sassafras will be at once apparent, upon
mixing the residue with a solution of one-half its weight
of caustic potash in four parts of hot water. When oil
of wintergreen is poured from the hight of ten or twelve
inches in a thin stream, upon the surfice of water, it
should sink and form a layer at the bottom.



EXAMINATION OF URINE., -

It has been found that certain abnormal conditions of
the system are accompanied by changes in the chemical
constituents of the urine. It is not designed that this
department of our book shall include microscopic exami-
nations, etc., but that it shall enable the student and the
physician to apply reliable tests for the chemical sub-
stances found in urine, and which it is often necessary to
cousider. Few busy practitioners have the time to devote
to quantitative examinations, and few cun spend time to
experiment regarding the constituents of normal urine.

In consequence of these facts, the tests given shall be
such as are adapted to the every-day work of the practi-
tioner or druggist. They shall be clearly and tersely
stated, and such abnormal substances considered as upon
identification may aid physicians in the treatment of
disease.

Normal Urine has usually a specific gravity of from
1.012 to 1.018 at the temperature of 60° F. This is in-
ereased or diminished by circumstances, such as diet, ex-
ercise, temperature, ete. Therefore, increased or dimin-
ished specific gravity is not a certain indication of disease.
It, however, the amount of urine voided be large, and
the specific gravity from 1.030 to 1.040, the presence of
sugar may be suspected, or urea in excess. The urinom-
eteris a very convenient little instrument for taking the
specific gravity of urine, and sufficiently accurate for
most purposes. In using it, bring the urine to the proper

(415)
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temperature, and fill the eylindrical glass with urine, so
that the urinometer floats. Remove the foam if any be
present, then place the glass in a perpendicular position,
float the urinometer, and read the scale. The point where
the surface of the urine strikes the scale is the specific
gravity of the urine. Urinemeters are graduated with
‘the last two figures of the decimal of the regular hydrom--
eter. Thus '1.000 of the specific gravity hydrometer is
represented by 00 upon the urinometer, 1.010 by 10, 1.018"
by 18, ete. Instead of normal urine being represented.
by from 1.012 to 1.018, it will be from 12 to 18 by the
urinometer.

Albumen.—Permit the freshly voided urine, if turbid,
to stand quietly an hour in a cool location. If it has not
then settled so that a clear solution can be decanted from
the sediment, filter it. Fill a test-tube about one-fourth
or one-third with the clear liquid, and test it with blue
litmus paper. If it be not agid, add to it acetic acid un-
til a distinet acid reaction results, care being taken to
avoid an excess of acid. If the urine is naturally acid
in reaction, the addition of an acid is unnecessary. Bring
the mixture to a boil. If it remain transparent,albumen
is absent ; if it becomes cloudy or filled with precipitate,
either albumen or earthy phosphates are present. Add a
few drops of nitric acid, and if the mixture remains
cloudy, or the precipitate does not dissolve, albumen is
present ; if the liquid becomes transparent, the precipitate
or the turbidness resulted from the presence of earthy
phosphates.

Earthy Phosphates.—The foregoing test is reliable,
if they are in large amount. To examine directly for
earthy phosphates, add an excess of ammonia water (am-
moninm hydroxide) to the clear urine. Boil a portion in
a test-tube; if a precipitate follow, earthy phosphates are
present,

Sugar (Glucose)—This is identified as follows: Mix
one part by measure of Fehling’s soda solution with one
part by measure of Fehling’s copper solution. Place
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this to the depth of half an inch in a test-tube, and mix
with it as much clear urine as the reagent measures. Bring
the mixture to a boil over an alcohol lamp ; if a precipi-
tate. results (cuprous oxide, Cu,0), ranging in color from
yellow to brownish-red, sugar was present in the urine.

Sometimes the mixture throws down upon boiling, a
heavy bluish precipitate, which may tend to cover the
color of traces of cuprous oxide. In such cases, mix the
Fehling’s solution with the urine as before directed, and
.];lace the mixture in a cool situation. After twenty-four
hours a red precipitate will have fallen, if sugar was pres-
ent in the urine, Fehling’s solutions { are to be made as
follows :— :

Soda solution.—Dissolve 2681 parts of ncutral potassium
tartrate in 9300 parts of solution of caustié soda, specific
gravity 1.12, °

Copper solution.—Dissolve 536 parts of pure crystal-
lized sulphate of copper in sufficient distilled water to
bring to the measure of the “ soda solution.”

Urea.—This principle is always present in urine. It
results from the destruction of the nitrogenous tissues of
the body, and is the means by which nitrogen is eliminated.
In health, the daily excretion amounts to about an ounce
during twenty-four hours. An animal diet increases the
amount of urea, a low diet diminishes it. Certain dis-
eases are accompanied by increased disintegration of the
nitrogenous principles of the body, and in such cases an
abnormal amount of urea is excreted. i

Excess of Urea.—Mix in a test tube one measure of
officinal nitric acid with two measures of the clear urine,
which has not been permitted to evaporate by exposure to
the atmosphere. Cork the tube, cool, if necessary, until
the temperature is reduced to 60° F. (15.5° C.) and permit
it to rest quietly half an hour. If the mixture be a mass
of crystals, or contain crystalline tufts, urea was present
in the urine in abnormal proportion. This test is based

t These rolutions are to be kept separate, and mixed as required,
and just before ench experiment.
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upon the fact that nitrate of urea is less soluble than urea.
The relative proportion of water and urea of normal
urine is such that the nitrate of urea formed by the addi-
tion of nitric acid remains in solution. Sowmetimes there is
a deficiency of water, thus making the urea above the
proper proportion, while in reality the urea is only ex-
'creted from the system in normal amount. To determine
this point, measure the urine which passes during twenty-
four hours, and bring it to the bulk of 40 fluid ounces by
addition of distilled water, then apply the test previously
given for excess of urea. A crystalline formation will
show excess of urea.

Pus.—Permit the urine to settle. Decant the clear
liquid and add to the sediment a solution of potassium
hydroxide (caustic potash). If pus be preseut a gelatinous
mass results; if pus is found in the sediment, albumen
may be expected in the clear liquid previously decauted.

Bile Ooloring Matter —Pour hydrochloric acid into
a beaker glass to the depth of half an inch. Stir urine
into this uatil the acid is colored, then through a funnel
tube introduce a layer of nitric acid directly upon the
bottom of the beaker. If bile coloring matter is present
a play of colors is exhibited where the liquids are in
contact. Mix the liquids with a glass rod, color-changes
are exhibited throughout the entire liquid.

Blood.—Place a specimen of urine, as voided, in a
test-tube and add solution of potassium hydroxide (caustic
potash), then warm gently. A precipitate will follow
(earthy phosphates) which will be blood-red if blood is
present. Otherwise the precipitate will be white.

If the urine should be alkaline in reaction, add first a
small amount of solution of magnesium sulphate. then the
solution of caustic potash. The microscope and spectro-
scope are valuable in determining the presence of blood.

Uric Acid.—This is present in the urine of carnivora.
It occurs also in combination, forming urates. Uric acid
is never present to form a sediment in freshly voided
normal urine.
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Test.—Uric acid in abnormal amount precipitates, gen-
erally brick-dust colored. Place a little of the sediment
in a porcelain dish with a small portion of water, then
add a fdw drops of nitric acid, warming carefully. When
the uric acid hus dissolved evaporate the solution almost
to dryness on a water bath. Add now a drop of ammo-
nia water, or hold over the surface of the mixture a glass
rod moistened with ammonia water. A beautiful purple-
red color results (murexide) if uric acid was present in the
original precipitate.



TABLE OF WEIGHTS.

480.0 grains Troy equal 1 ounce Troy.

4375 “ 1 *  Avoirdupois.
7000.0 “ *“ 1 pound Avoirdupois.
5760.0 “ “ .1 Troy.

English Grains. Troy Ounces.
Milligramme...coieeeeeees oo veeene 0.015432 0.000032
Centigramme........coovue cevreeeranne 0.154323 0.000322
Decigramme.......cc.ccuvvrenniviennee 1.543235 0.003215
Gramme......cceevereenrmennensensnconne 15.432349 0.032151
Decagramme........cceeeeinenenienies 154.323488. 0.321507
Hectogramme..........coeeeevnennnnn 1543.234880 3.215073
Kilogramme......... coeveenneniennane 15432.348800 32150727
Myriogramme..........cooeeeerennnen. 154323.488000 321.507267

1 Grain equals 0.064798950 Gramme.
1 Troy Ounce cquals 31.103496 Grammes.

1 Pound Avoirdupois equals 0.45359265 Kilogramme.
1 Cubic Centimetre of water weighs 1 Gramme.

RELATION OF WEIGHT TO MEASURE.

(TEMPERATURE 60° F.)

1 Minim of distilled water equals 0.9493 Grains.

1 Fluidrachm “ ‘e 56.9618

1 Fluidounce “ “ 455.6944
1 Pint “ o 7291.1107
1 Gallon ¢ * 58328.8862

. (420)

“

o

“

[



INDEX.

Absolute aleohol. .............. 355 | Acid carbonate of potassium,171
Acetate of aluminium....... 291 sodium... cecurennnnnee. 190
AMMONIA..eeuvves cenrnnen 206 carbonic.....c... cuuuennenn.. 92
ammonia, liquor........... 206 catechuic.......... ceeeuen... 374
ethyl............. catechu-tannic ...... ...... 374
COPPET-cerermunrerres rrenne. 261 cathartic.....ccccceevunnnnn.. 396
IPOD..ceve coereeeerirnennnnnns 304 chloric..ooruunn .enn 93, 127
lead. . loeuiiieinine ceren aeen. 253 chlorous,...f. ............... 127
- manganese......... .........319 chromie...:...ceceeeere.93, 326
potash..cceceene vovrnnnineenn. 171 chrysophamc ............... 94
potash, tests for............ 171 cinnamonie...... 90, 406
potassiam..........c....... 171 CItriC.. oorunrennnrnanrannnnn. 94
sodium....... ... ....188 digallic. 22
zinc...... .245 disulphur 120
Acetic acid....... . 8 eugenic.. ...406
commere . 86 (3) 31 1] (TR 95
diluted........ .. 87 forming oxides......138; 139

glacial.......c..cceen. 85 gallic....... eieeeerereiea,

number 8 ............. 87 UMMIC.. . cveeevneness 226, 373
- tests for.................86 ydriodic....coeenreernnnnnns. 96
Acetic ether..ccooevviennniianild 366 hydrobromiec.......... «.... 97
Acetum coceeeee verirnninnenne 87 hydrochloric..ccoovevernnnes 98
Acid; acetic..cooeee vovernnnennn. 85 ydrocyanie........... 100, 165
commercial............ 86 antidotes for, ........ 102
dilute:..coeereeenennnes 87 testsfor.,.eeeiniiennen. 101
glacial 85 hydrofluoric.. «cc.veueeenen. 132
number8....ccceeeunee 87 anhydrous.......cccee.. 133
tests for.....ccceeeuees 87 hydrosulphuric............ 102
BTSENIC.. .coverues vevrnniennes 87 hypochlorous .............. 127
ArSENIOUS. veeveereneene 87, 157 hyponitrous................. 149
antidotes. ........ 88, 311 hypophosphorous......... 113
detection.............. 88 180PENtOIC...cvvrrreniierannn, 124
benzoic «.ooovnvieiniiinninenns 89 isopropyl-acetic............124
boracic...... Ceireees reenins 90 ACLIC e eunenniriennnnns , 376
11} 5 TN 90 malice..ceesveuinniinnnanns .105
earbazotic.......coeervennen. 90 mManganous.....oeeeereer . 323

carbolic......ceeuvunenn. 91, 359 INATZATIC oorvvne cevenansens 368
antidotes for. ...... 92 meta-phosphoric. ........ 152

. 421 )
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Acid, meta-silicic....ccoeeonunn. 1171 Acid, sulphurie, pure.......... 120
methylsalicylic...... 115, 414 te8ts fOT.. eerureeennans
molybdic...eeurreniiannnenee. 327 sulphurous.......cccceeunene 121
INUCIC eevreererernneeencneene. 376 tests for..ceceeiierannee 122
MUTiatiC .. cereerrrancrens 98, 99 tANDIC. ceerneen ceneennn weees122
IYTONIC. verrecrs cocrnnsnrens LArtAriC.. .covvererieranssnnene 123
nitrate of bismuth....... 341 tests for.....coeeerennne 124
117 < T TOPPUPRUON 105, 149 tartrate of ammonium...217

antidotes for 07 potassium........ceuune 173
iluted........ 106 tri-nitro-phenic .90
tests for .. 106 UTiCeesrereens 418 .
nitro- hydrochlo ...107 valerianiec..... 124
nitro-muriatic..............107 tests for,. 124
DItTOUS..cevrercrennens 108, 149 valeric...cooceviiieanrnnnanee. 124
0leiC..uerineieeininiineraens 08| Acids...coorreonmenennes ceeeevnennen 82
ortho-sulphocarbolic.....117 formulae of......ceeveeennns .
0XaliC. ceeraes verrenrannnes 10! list of..ccoeenninanne. esecnnns 8
antidotes for.......... 109 medicinal.....ccoeeennne 84
tests for... OTZANIC.ceueeuune teuvennnen. 370
para-sulphocarbollc T8 quantivalence of.-........ 83
perchloric...ccceeenserennen. 127| Acidulous radical........... 43, 82
permanganic... ..323| Acidum aceticum........ seessas 85
phenic...c..ccveerunrennennns 91| Aconitia «coveerenrs voe sennrenennn 380
phenol-sulphonic.......... 117 | Aconitine....ceeveneenrereennnens 380
phenyl-sulphuric......... 117 | Actinic rays........ o eeeesereans b4
phospho-molybdie... ..... 327 Action, contact...c.covresserennes 71
phosphoric......euv veeeen. 110| Active oxygen.....cereeeeeuee. 141
ilute .. ..110| Adamantine boron....... «e... 158
normal ................ 110 | Adapters.. veeenees 19
ortho...coceeeeiencnnna 110| Adu terated santomn .......... 90
phosphorous.......... 114, 15" Asculin....... 0 eeeeeernriernnann 396
Picric., .oovees vivernnninnns 90| Athiops martialis.......ccc.... 313
potassium sulphate......186 mineral.....c..cecciennnien 277
PrUSSIC.e.vecreee sosrearsones 100 | Affinity, chemical......cooceunes 30
pyrogallic....ccooverieennnene 114 | Air-slaked lime...ocueeerennaneed 221
pyroligneous...... o114 Alabaster........ ceeenrennneee e 229
pyrophosphoric.. ..111| Albumen in urine.. .
saccharic . .
salicylic. 39
salts....
santonic.
silicic.......

succinice 1
sulphite of sodium ...... 191
sulphocarbolic...... ... 117
sulphuric....cco.cee ceveenens 118
antidotes for...........121
iluted....cccovnnnnnanas 119
fuming...ccocveeennnns 120
Nordhausen.. ........ 120
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Alcobol radicals ................. 354] Ammonia benzoate............. 207
stronger e eeneerenees.3D6 bromide. .cccecireirnanneennes 208
.......................... 357 B8..eeenenres secons sersesceone 212
Alcoholate of chlora] .......... 369 ydrochlorate. ............. 210
~Alcohols cevviniiiniieniiienan. 354 liniment..ccoeeeernieeennnnns 368
Aldehyd, benzoic..ccevuvee..o. 370 liquor of.c.ccoveniiinninen .. 213
cinnamomic....ceeeee. 370,406| . muriate...........ivereeee.. .. 210
galicylic.ceee covrnvireiennnad 395 7Y (PR 206
Aletrin, olearesin...... ... .. 401 solution of ceceeceeeernnenns 213
Alkaliveeereiemeecssnnnnese. 48,168 BPITILS. covvveneranriinniinnnns 213
fixed..cocoeeenruencennnne 48, 169 £e8t8 fOr.ceuurees cevenvrannns 218
metals.....oovuieiinrainans WALET e eerveren cononnnee connen 213
OTZANIC, e oeeruereereriannnssnne 379| Ammoniacal auric oxide....345
vegetable... covureinennnansd 169 ITTT R 212
volatile cveees cerireerrene 48} Ammonias, compound ......... 378
Alkaline earth metals......... 219! Ammoniated copper 265
earths. .cocoenievvininennne, 219 mercury . . 270
0XIdeS eereace sevencrnsennnns 138/ Ammonio citrate of blsmuth
Alkaloids..eeeeeee vnienninnnn 379  rerereerennrerennes ceeenn , 340
of cinchona......ccee wuveee 383 ferric alum....ccoeoreennnnn. 315
test8for. coeeiecreiieniranenn. 327! Ammonium acetate......... . 206
Allotropic sulphur............. 144 acetatis liquor ... 206
AllOtropy....evvereencsrenrennecenns 26 aMalgam .ceeueveeriivnnnees 05
AlOYS cevvniniinnns cnneneiianns 31 and nickel sulphate.... .325
of blsmut,h .................. 338 benzoate...cocerenes coneeene. 207
of copper-... ..261 bicarbonate............ eeeen209
374 bromide....... © eeeeens . 208
3 carbamate..ciceeeees cerennnnn 210
carbonate, commercial...208
nermalecee. vovenenenn.
chloride.ceee ceeneeviennnen
CILLRLE..crveereenesce vunranss
solution..ceeree. sueeee
di-iodide.cerer-eeceisannnnen.
ferrous sulphate....
hepta- sulphlde.....,
hydrate of............
hydro-sulphide .ccoereeeee
and nmmomumsulphate288 hydroxide....c..oeeeee 205, 2
and potassnum sulphate 289 1001 cevvenrer cesnncnnnneen
chloride....coorveererieneann 201 molybdate. ...c.e seeecraes 327
hydroxlde 291 mono-sulphide....cc..eeue. 217
sulphate.... 290 DItrate..coceeeens veocen socees 214
Amalgam, ammon um 205 oleate.....
Amalgams. . 0xalate...ceenenee sensneranaen 215
Amines..... 37 pentasulphide........ ... 217
Ammonia.. 2, phosphate........ccoevnueee 215
alum...... platino-chloride ...........348
amalgam BRIt e eeenes cernieeien iinens 205
BQUA...cocee sennens sesquicarbonate... . .. ...208
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Ammonium suceinate.......... 216 | Antidotes for potash ...........170
liquor of'..... 216 potassium, carbonate....176
sulphate...... ... ...216 potassium cyanide........ 179
sulph-hydrate.............. 217 potassium bichromate...173
sulphide ....ceeurrrrnnnnnnns 217 silver nitrate..ccoeee-...... 280
sulphuret..... .cccoeuenees <2017 silver salts............280, 283
tetrasulphide............... 217 sulphuric acid.............. 121
valerianate........ . eeariene 218| Antimony . .ceeecevrnninninnnns ..332
Amorphous....... eereerensenens 150 and potassmm tartrate..333
Amorphous boron........... ....158 black........ rrrene eeeaaas 336
phosphorus............ ......150 butter of........... cerenneen 334
selenium.. ... 147 crude........ ceeraeanne veeese 336
silicon .. ...159 golden sulphuret. 337
sulphur ................... 14 oxides ...eeenne cereeeneenenn. 33D
Amounts, equwalent ........... 32 oxysulphuretum.......... 337
Amyl hydrate.....ccccee cenuees 357 pentasulphide....... P <. 1
DItTite coveennreriirnnnnnnies ..367 sulphuretted........... 336
Amygdalin ..c.coconnnnn o0...396 tartaratum ............ e 333
Amyloses......oooer errniennennn 371 tests for. ..ceeeoreneeennenn.337
Amylum ..ooovne covieiinnnnnnes 371 trichloride........ vereeness 334
Analysis..ccooveiriiiiniiennnnns 25, 42 trioxide...ccooerreerenreneenns 335
BPECEIUM.. evvenerrnnrninnnd 55 trisulphide ..c.coerrenennen. 336
Anchor ice..eeeeeerereeninenene . 79| Ant-ozone......... ‘e 142
Anethol....cucueeeee . 403, 407 | Apocynin, oleoresin. 401
Angles of crystals.......... s 65 Apomorphme.... ...... S L1 §
Anhydrid.......... tevrerernenneene 801 Aqua AMMONIA . ceeeeraiaeeneen 213
arsenious......... . eeened 87, 157 chlounn reeeeeeneensl 20
SANLONIC cevves cerrrrnerenees.39D fortis.......e.e ,105
sulphuric....... cers serenens 145 I T R (1
sulphurous ....... ceeennes 145| Arabic gum....ccceesvecscrnnnenre. 373
permanganic .......... ....323 Arabin ...... TP 1 -
Anhydrous...ccccee cevvncenienees 80| Araroba...ceeeveveiiiiennnens ceeee M
Animal charcoal -162| Argenti cyanidum ...2719
purified... 1313 Y- T .280
O1luieeirees crveneens ceeenns antidotes for. cereesen 280

Anthracite coal .......... e oxidum.. ceeerrenenns
diamond Argentum.........................278
Anise oil 03| Argols......ceeeiverenniicienenenn. 173
Antidotes for arsemc.. 88, 311 | Arsenates,. .coeuseereenecenen .. 87
barium salts...ccceaveeeee..235 thio .eeerieeermeecrncancenaese 157
bromine ........c veceeeee... 128 | Arseniate of iron....... eeees.206

carbolic acid wu..serrn. eee92 of sodlum
causticsoda ... 188| Arsenic...cuueee.

chloroform .... ..364 acid. ...... . .. 87
COPPET weeeer cevvrrrereenens ..261 and Dromine......eee voes 156
corrosive sublfmate......272 antidotes.....coceeeeres 88 311

lead ........ rereseneanrneens 254 chlorine....ccccuverrennnns .1
mercury oxxdes.... ........ 275 disulphide.....eeeseessenes. 157
nitric acid .c.oover ceoeenne 107 hydrogen.....eeseecenens .....153

" oxalic acid........... enee 109 iodide of .......uuuuee ceresgon
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Bicarbonate of sodium. ...... 190
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Blow-pipe.oxy- hydrogen 77 143
Bichrowmate of potassium....172| Blue vitriol
Bichromates..cccccecceuvenennnn. 326 IDASS: ceeensrenaennvenn
Bichloride ot mercury.........271 f)hospbate of iron.
Bile coloring-matter in urinel18 FUSSIAN .evvverrinrnnne .
Bismuth .cooeees cocvenine oeeee £ 337 Turnbull's...ce..u.o.. cee.309

acid nitrate....... Ceeeeneen 341 | Bone-black....cccc..uv o.. ceerreans 162

AlloYSee ceeerierenreriuncnnes .338 phosphate. ........ .........228

amuwonio-citrate.....339, 34| Boracic acid. ......c.ccuuet e 90

basic carbonate ........... 339| Borates, tests for ........ ceree. 158

basic nitrate. ......... e 341 BOrax ceeeeeer cevveiiceernrenennnns

carbonate....... ...339| Borer, cork...

citrate.. ...340| Boric acid....

hquor...... ................... 341 | Boron....... coeeivenerancens nee

0XideS.ccure veeeenirarennnannt 338 adamantine....ccceceeeneans 158

oxychloride.......... e 342 amorphous........ coeneenen. 158

OXYNitrate. ...ocene voenene. 341 crystallized....... veeee. ... 158

subcarbonate............. 339 nitride e eieeeeens

subnitrate.....cc.cocerrennnn 341 tribromide....c.cee ceeeenen
tannate.......... erresenranen 342 trichloride

£eStS 0T eeuee cennrnrecannnn. 342 trifluoride......... ceeeeseans 158

trihydroxide.. ...338 trioxide.......

trinitrate... . 341 trisulphide .

trioxide.. coeecreneereacennns 337 | Bottle, Woult’s

trisulphide..... cocverennens 337 | Brannite... .

valerianate..... ccovunnnene. 342{ Breaking of molecules......... 29
Bisulphate of mercary........ 186 | Brimstone. .ccoeeeeeienenieanennne. 144

POLaSSium .ceveneennnnee 86| Bromethane....... creeen eeeneans 362

(}umme ....................... 384| Bromide ot’ammonium ........ 208
Bisulphide of carbon...... ....165 i 223
Bisulphite of lime.. .......... 280

sodium... 191, 200 .. 362
Bitartrate of" pomssmm ...... 173 .
Bituminous coal........ ..... .. 161 .
Bivalent....cooeever eeiennnnn, 40 .2
Black antimony ....... ........ 336 lithium..coeeeiiennennnnee. .. 201

diamond. cceeeet crennennn. 161 DItrogen. ....oevivseerssenaes 148

lead evve vevieeeninniiennnn. 161 POtassiuim...coeurenriennnene. 174

oxide of manganese...... 322 silver.......... rerireenenneen. 282

MCICUTY.cevmvaneernnes 27 sodium .. R )

platinum ........... e 348 ZINC . everniranen ven e aees .. 248

salve ] Bromides....ccouuevnennenen.

wash . Bromine .... ...... .
Ble‘lchmg powdu L2 and silicon.....

Blend. e 143 antidote for .

ZINCevrern vornennnne ereneeees 251 | Bronze.....coeeveeriirnninnianennnes
Block sulphur.....cooeeeeerenn. 144 Brucia «covveeeeeeeereierenneannes. 382
Blood, dragons...cceeuvenennnn. 399 | Brucine....ooeceeens vonnnns eeeere. 382
Blow-pipe flame............ .. ..143| Burnt alum.......... eereenieenns 290

mouth..ecceers vevverinnnn, 8 BPODNEC.cever verres veerrenanean 130



INDEX. 427
Batter of antimony............334 Caraway oil..cccee veceerennnnee . 404
Caduium.......... o terres senene Carbamate of ammonium.....210
jodide..coeues o sereseinneeeens237 | Carbazotates -eeceeeee ©
sulphate of ceseeneniiiianae 237 of potassmm ................
tests tor cesreserenenses238| Carbuzotic acid..oeveenenneenn.
Casium. «oeee v ..204| Carbide of iron ... ... eeerenns 162
Caﬂ'cia ............ 3821 Carbon., .ceeever seeerense veraeens 16
CafFiine..cenee eenrernecnsarons 00382 and chlorine........
Citrate...oeeee ¢ reerernnnneens383 and 0Xygen...cceet vererrane
Caffeidina.. ........ reeesaseinnene 382 bisulphide....cccoeunnn ...
Calabar, treatment for poi- dioxide ...ceee crereeeen92, 163
son of. disulphide......ccoetunee
Calamine....cccooennennnnnns monoxide.....ccuvvee veneee
Calcii carbonas preec ipitata 224 Carbonates......ceeeereireniens
Caleined magnesia..............239 | Carbonate of ammonium.....210
Calcium..  .eeeverenreens 220 caleium.... cevcereernnenennn223
bromide. .eoeer vorreennnnns223 preclpnat,ed veeneens 224
carbonate........... evees 223 commerclal ................. 208
chloride..... copper... .26:
CItrate.....cooes Iron.ceeecenann
dioxide.. lead..
dlsulphlde lime .....
hydroxide.....covenieriennd 21 lithium...ccovereinnnene
hypoclllonte, ..... eeeanes 222 magnesium.......e. couvee 240
ophosphxw ...... ceeenens226 maguesium, llquor of .240
odate......eeeenrerenne o227 MANGANESE. eevevnenee .318
1od|de ...... 227 potassium.......... evennes 175
monosulplndp ........ 230 sodium'.. ..192
monoxide....... cevenee I | ZINC .evveneen 240
oxalate .. coceerunninans oreee0227| Carbohydrates....... ... e eeeen 371
phosphate.......... creeenaes 228 Carbolic acid...ccccocevenee. 91, 359
sulphate. ceeeeeereereennnnni229 | Carbonate of bismuth.........339
sul|.»hide...............230. 231 basic...coeuneee cereeene 339
sulphite..ccoeere vennee 230, 231 Carbonic acid ......... o ereeeeens 92
sulphuret...ccooeene veveeee 23| gas...... ceeeeeaseeeees vene 92
EATEEALC.. overrwersrerrrsene 231 Camershydrometer . 64
tests for ............... ..32 Carum 0il . «ceeever venerenniiienns 404
Calisaya..coeeree cevnenee 3R CATVEN..cconerrrnres verniraes svanns 405
Calomel. .......  rreeerneeeenanas 1 268| CATVE Ofleverrerersens sorerernsn.d04
Caloric...coers cerrrevreiecennnns oleun, . Teeerne serens 404
Calx chiorinata..........rsees Caryophylli oleum...ovnrenen. 406
Camphene. ....c........ Cassiterite. coeeeneerenns creesenan 329
C\mphor bergamot... Catalysis. e 71
Canton’s phosphorus ........... Catechin. ..374
Capsici oleoresin....oueeeeeeee. Catecheeeees e voreeens v irereean 374
Capsicin oleoresin... ens Catechuic acid coeeerns ennnn 374
Capsicum oil......... .404 Catechu-tannic acid.,..........374
Capaclous .............. ceererenns .. 11| Cathartic acid......... rrrenens 396
Carat (defined)... ...345| Caustic baryta........ccenieesee.233
Caramel. ...... cerreeenes ceeeenn 37D lime.ceeecvnnen ereesens 0220

/
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Caustic potash. .................169 | Chloride of gold...........345, 346
commercial............ 169 and sodium........ .. 346
80da ceenreennein cerraniane . 187 :
treatment, pmsomug by 1838
Celestme........ ............... eee232
Cellulin... 372
Cellulose 372
Cellulose-nitro. .............. +.373
Centigrade thermometer ..... 53
Ceric salt,s cere veennn e ionneene. 285 mercury ...... .. veeenreerenns 271
CeTite. cecenreerenniennrenrennses ..285 COTTOSIVe.reraenreannnnn 271
Oe!‘lum --------------------- EXTERTLY 284 e mild ......... ...-o...u.-268
chloride...... ...... creeerens 285 methenyl........... eeeneens 363
oxalate...... ceeer vueeenns. 289 platinum .c.coccvueveenneee... 348
oxides..c.ceerenranns ceereeeea 28| propylamine............... ..379
Cerous salts.....cocererreunneeen. 285 TS U 282
Cerusite. ...ccceuunnen cerrevennenen. 25D sodium ................ evees 193
Chalcedony......cc.eoereereenenn. 160 ...246
Charcoal......... eereeareeeneeaanas 161 Chlondes ...127
animal...... ....162 test for soluble.. ...127
purified. 162 insoluble............... 128
Chalk, prepared. ...224|Chlorinated lime................ 222
Cheleryt,hrm ............... e00ee.392 | Chlorine....cuevrcvnnnnen. e 125
Chemical attraction..... ...... 30 and carbon.....cccuuenens +...163
affinity.....cocvivnseeniieees 30 and nitrogen.......eeoeee.... 148
compounds ..... rereees . 31 bromide of. ..........128, 129
flasks...ccvvumrennnnnn ceveeeene 15 hydrate... ceereeeeenens 127
fOrce. coveeerereens verean ceeee 30 monox1dc..... ....... veeeeeees 127
formulee...ooeeeeeveeenenannn. 37 perox]de vee vererensenn.s. 127
hemism. ...28, 30 tests for ....................... 127
effects.ceennnrrnenenenienncnne 31 trioxide... ceecncnaneees 127
 Chemistry....cooveevecevnennuenes 25 L 7 —eeens 126
OTZANIC e vvecnirenneennennen 353 | Chlorethane....... .....ccore...362
morgamc... . 73|Chloric ether..
new....... . . 33|Chloroform .......
Chenopodium oil.... ....405 antidotes for.......... eeeee. 304
Chenopodii oleum............ ..405 | Chloroplatinic acid.............348
Chili saltpetre.............. 184 196 [ Chlorous acid...ceceeeeurennanee. 127
Chlorate of potassium ........ 176 | Chloral......cccoceecrvnennnnnn ,
Chloric acid..ccocveveeennnne , 127 alcoholate...coecueiieernnnne 369
Chloride manganous............ 318 hydrate «oceeeeeeenennernnnnes +.369
TETCUTOUS «vvvvvnerans cansee 268 | Choke-damp.......... ceesnenenesn. 164
aluminiumn ceeeveienneennanns 291 [Chromates....ccoceeeevnennnen. 94 326
AMIMODIUM <reveennerennnnnn 210 | Chrome iron ore....... rreree 172
barium coeeeeenineeereennenn 234 |Chromic acid....cccceeeneeee. 93, 326
caleium....coovveieevnnnnnnen, 225 | Chromium ...... cecvveiennennnnns .32
CeTIUM evenrrencnrnceeennn. . 28D anhydrid... eereeneene.- 326
ethene..ccv veceriennnnnn...363 oxXides..covennnns ven cseretan 326
ethyl........ ..362 trioxide....... 93, 33

Chrysophanic acid..... .
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Cimicifuga resin.. ..coocooeeees 400] Combinations of atoms......., 28
Cimicifugin....eceveeeens ceeeeseed00 | Combustion.. «ccevivveeiicecnne. 140
Cinchona alkaloids......c...cce. 383 | Commercial ammonium carb.208
Cinchonia «cecemrercraeenceninnne. 386 Common Salt......covieveininanne 193
Chinchonine ....c.coveiceenriennns 386 | Complex crystals.......ccee.cene 65
Cinchonidia .coooevrvniiiarrieasen 385 Compound ammonias.......... 378
(Cinchonidine ...evcovveneee 385, 386 ethers.
Cinnabar...... eeaeane 143, 266, 276 matter
Cinnamon oil..cceveeiier civeneee 405 molecules
(innamonmii oleum............ 405, BalE8.cereres cerecnrenionrnee
Cinnamomic acid........... 90, 406 Compounds, chemlca] ........ 31
aldehyd cooveeneneecoreninnnes 406 | Concentrated alum.....cc.eeee. 290
Citrate of ammonium......... 211 tincture of iron........... 305
bismuth...eeereeecreoneenenn 340 | Condenser. ...ooeveceresecrencnnns 18
i .. 223 and retort......... Ceeeeeene 16
. 383 Liebig ccoeeeee verinranninnnns 18

and ammonium.

and quinine......
and strychnine :
insoluble. ...coveneiinenn 305
soluble ..ceuvenn vanann 306
Jithiieeeeeeeeeererernienennns 203
lithium. ..cooviincnnnini 203
magnesium .. cereeennn 241
soluuon ................ 242
Potassium ..oeeveeerirnrnnnne 177
CHErateS. cevvensseernrenerirnonaenss 95
Citric acid.ccoea earreirieenenne 94
Citroptine. ...ooeeeeueerererenianns 409
Classes of oxides. .ccoecevenennne 138
Cleavage of crystals............ 66
Cloyes, 0il of cvevuvenianenniinenn 406
Coal coverrerieerinneervnnnann 160,161
anthracite. «ccceceeeececnnens 161
bituminous ..oeeeveneenranee 161
Coal-tar creosote.......... peeene 91
Cobalt..coerureerrnnsreinean. 292, 293
Cobaltic salts........... reneeneee 203
Cobaltoussalts. «ccoceeeriennnnnnn 293
Cobaltamine salts......... .....293
Codeia veeererrerennccnnisonnnsnenne. 387
Codeine ~eveeeneecerecrecsreeeneenns 387
Coke ...... . ...161
Colocynthin.......... .396
8o-called resinoi 396
Columbite....cccereeeees 342
Columbium .eeeeeeeeeeeerracennn. 342
Combination.....ccceeiveeernenenn. 25
by volume......ccevurernvennne 34

i Cork borers...

Lonductous of electricity.....

Consmut.lon of matter
Contact action...........

Convolvulie acid .. 398
Convolvulin........ . 397, 398
Copaiba 0il.c.evrveneauancsneneee 406
Copabz oleum,... ...406
Corn Oil.eeeeereerencenecee corunen 357
COPPETac-tenrererrirnns cererneranns 260
ACELALE...vrreuerresseniennns 261
acetic tincture of.......... 262
alloyS.c.ccvunrirerennnnniennnne 261
ammoniated..........e..e0..265
ANtIAOLES. creercrnreranianasd 261
ATSENItE.creeecereer ioseesnanen 263
carbonate....ccoceee cernnnes 263
solution Fehling's......... 417
hydrate.. ..coooee coeeneiennn. 264
hydroxide,.......... Ceeeeeens 264
O0X1deB. crurerecre cenvnnensans 264
O0XY-2Cetate -veeevsernnennee 262
PYTItES. cevvreriienririsrennne. 143
BaltS.eeeieieeens vineeeiiennnn. 261
sub-acetate... ceoreuninnnsd 262
sulphate.....cccoevreiuennnne 264
ammoniated...........265

tests for.......... 265

Copperas.......
Coriander 011

Corn sugar.. ...
Corrosive chloride mercury om
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Corrosive sublimate...... ..... 271 | Decomposition,.ccecese. ....:.25,39
antidotes.......c....... 272 double...cccouvvviren ceeneenn. 39
Cotton,gun......cceeveeurnnnen. --373 | Deliquescent........ ..........50. 80
NEGALIVE cevvrernnnenie cunnas 373! Delphinine........cocoveeneenn.. 387
Cream of tartar.................. 173| Dephlogisticated marine acid
Creasol......c.c.cevueenenn. . eneen 359 £ Y. U
Creasote.....coueevveeinennnne. 91, 359 | Determination of crystallme
Creta praeparata...... veeeienen 224 £1) 41| PR
Crucibles..ccceeeeeer vevnerennnenn, 9 Dextrin.cccves vrunererrenn cunned 371
Crude antimony................. 336 | Dextro-glucose
Crushed sugar........... e 375 | Dextrose......
Cry of tineeeee eveenn wvrenn 329 | Dialyzed iron.......cocvnnuee..
Crystalline forms, determine 68 antidote for arsenic 88
Crystallization, experiments 69| Dialysis...ccocvreeereerereerarnnan. .71
water of..oeieviiiieniinnens )| DIAIMING <ever covencemronnee ~ouni 378
Crystallize......cccee cevrvnrennnn .. 63| Diamond............. ceesrennenena. 161
Crystallized boron.............. 158 anthracite. ....... e 161
silicon......cc.. «.. ..159 black.. «cceees cveneernnnnns 161
Crystallography... .... 64| Dichloride of manganese.....318
systems of......... N 66 of sulphur..cccveeuens oeee. 145
Crystals, angles of...... ........ 65 | Dichromate of potassium.....172
axes of. oiiiiiiiiiiiennnnn. 65| Dichromates..........cceauuue.en.d 326
cleavage of ...ccuvvneenn.n, 66 chyanogen........;.... ......... .
compleX....vvevenenenn ennns 63 | Didymium. ..
faces of... .c..cveeueenne..... 63| Digallic 261d ~rererens
permanent ................... 68 Digitalin .. ceveens
simple.-........ veee 65 Dnh;drogen sodium phosph 112
Cubebene... ..407 | Di-iodide of ammonium......214
Cubebin ....... «eeed01 phosphorus...... ........... 151
oleoresin................ «....401| Diluted alcohol.................. 356
Cubebs oil............ ceerenree.. 407 hydrocyanic acid. .........100
Cubiec saltpetre ................. 196 nitric acid.............. e 106
system of ery stalllzatlon 6 nitro-muriatic acid....... 107
Cuprie salt........ tervenseeniensns 261 phosphoric acld ........ .. 110
Cuprum. ..cooeet cecvereernnnnnnnnn. 260 sulphurie acld rorrecenceses. 119
Cuprous salt...cccoee vevnnnnenn. 261 | Dimorphism... ceeeeneienees 69
Urare...ee oenns .. Dinitro-cellulose ..oooeeeem. 373
Curarine.......coceoviereneennenn. Dioxide of calciam ..
Curved adapter. ... carbon.....c..c..
(‘umng glass tubmg ..... CeTiUM. coveens wrevene
Cyanate of potassium hydrogen....cccee veveunnn.s
vanide of potassium....178, 179 MANZANESE - .evveer sueee
mereury....... e 272 DILrOZeN cuvv cvvenvienieienns
silvera i vieiininenn . 279 stlicon ...ooeveeniines crveneee
Cyanides.....couer.... eer... 102,165 sulphur....... reeerareeeeeann, 145
Cyanogen ........................... 165 | Dioxides «ueeveerens coveeenenenens 135
...................... 100, 165 hydrogen...c.c cecceeeveneeee. 8
Dalton and Henry, law of....49 Dippel’s oil... e, [, 1 62
Damps.ceciinens covviieiiennnen 164 Dish.cooecieeiiinninnns coreane cerene
Drachm (3).,cc000-e. . eeeereaes 24 Disodium phosphate ........... 112
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Distilled vinegar........... ..... 87| Electro-negative elements... 59
Disulphate of arsenic......... 157 table of elements.......... 60
POtasSIUMm coveveeeireeniennens 186 | Elementary molecules... 29
Disulphide of arsenic.........157| Elements clectro- posmve . 59
calcium. e eeerennirnninnnann. 231 electro-negative .. .. 59
- carbon..cceceirinie venee 165 table of..ceeecuerennnnnnn. 26, 27
Silicon cooeveenr eveeruenennes 160 | Emetia...coocenrreciennieeneenann.
{11, PR 330 | Kmetine...cccoveervveennrnicennnne. 388
Disulphite of sodium..........191| Empirical formule.............. 38
Disulphurie acid... vereen. 120 Kpsom salt..coeeriineniennnnnnenn, 242
Double decomposmon......... 39| Equations.....coceereninrennnnnes 39
oxides. coerrivienniieniiinenn, 137| Equivalent amounts.....cce..... 32
salts..coooinninniiin e e 4 Proportions....ccecueunee. 32
Draconis resin.........ccoeenenn. 399 | Erbia .ceeveennns oeene veeneeenes 286
Dricd alum...... covveiviinnnenns 290 | Erbium. ... ..ceeeeenneeieennnnnne 286
sulphate of iron...... ++..302 | Erigeron oil......cc.ccuu.... ceere 407
Drummond light... . . .........143| Erythromium Guensis......... 343
Dulong and Pem, Jaw of o.... 53| Essential oils..cvvuierinnnennanes. 402
Dutch liquid...cceerveemnennnnen. 331 ESEring voceeeeeerereennirerenaenans 392
Dyad...coepeeee . 40| Ethanc....ocoee vunee ..354
Dynamlte .359 | Ethene chloride .363
Earths......... 219 | Ether (of space) . b4
alkaline.....co.. covceeeennen 219 | Ether........... .361
Earthy phosphates in urine..415 acetic........ ....366
Edges of crystals........ creeeene 65 hydriodic ...ccooeennene .....363
Effects of chemism.. ........... 31 hydrobromic.....c.ccevuvunn. 362
Lffloresce ..ocovviennrivnrenannnns 50 hpdrochloric ..ccceeeeeeee. 362
Eiflorescent salt........ccceeeve. 50 methylic..ccoovviernnnnn, 361
Effervesce «..coccveervniirenannnnn. 50 DItTOUS cevverenrenneenrerseness 365
Elzoptens....ccovvereeenenennnnn. 402 Ditrous spirit......ceeeeese. 366
Electric light...cc. veenes e 60 spirits, 3 F...ooo. 366
Electro-magnetism ...... ...... 61 spirits,4 F.oooeuuneene 366
Electrical excitation............ 55| Ethereal salts...cccoeveuens wonens 365
(1 11: ST 55| Ethereal oils.....ecvuveeinnnnnnnn. 402
fOrCe. coverenruinrrrerienirnnes 55| Ethers . eerrennannneen. 360
machine...ccoeevvrenirunennns 56 compound ............. 360, 365
Electricity. .ccccvee corraneerennnn 55 halotd...ccovvviinnnnne. 360. 262
conductors of ..cocee vennne 56 simple.ccoveecvnininaenivenen §60
produces heat..ccocoreeerne, 60 | Ethyl ..ooovvvieeiiiiiiniinanennnnnn, 360
light eeeeneeniiiieneannn. BCELALE .cvvrr corureransionnnne 366
fnct,lonal ...................... alcohol ceereveiiniieiniiinnes 3565
NEZAtiVe.ceerrnens ecraeeneas bromide..ceceieececenesoennns 362
non-conductors of... chloride.....coveeereueennnens 362
POSTEIVE cvvvrneenienenrioaaans ethylate ..coovveurineirinennen. 361
VOItAIC cevvnerenerrrnnranennens 10dide. cererrernnrerecnancenses 363
Electrified ..ccoevivieriencnininnns NILTILE -crvvnreernremeaniennanns 365
Electrodes .......... 0XIde coveorirerocerecennninne. 361
Eleetrolysis... hydrogen sulphate.. ......361
Electrolytes.. Ethylene chloride..... ... 363
Electro- posltne element Ethylic aleohol........oo.oeee. 355
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Fugenic acid....... ceeneneenes 406 Ferrous oxide.....ccooreeeeneens 313
Faraday battery ..... -ceeeeeees 58 phosphate........ccceeererns 1
Faces of crystals. . . 6D Bl e 295, 296
Fahrenheit mhermometcr ...... 53 sulphate... TSR 1) I
Felicis oleoresin.....cc.eeeeenes 401 sulphide....ccoeveerinnnnnns 303
Fehling's solutious. .. 416! Ferrum ...c.coovvvnnineinnnioninenn. 293
solution, copper ........... 417| redactum...ceeerreennennste. "94
800@ veereace venren vanens 417 File, rat-tail.....ccoeeeriiiinnnnans
Fennel 0il.. covveeninrniieees oenns 407 Filtering......ccoooveees vervenennns 71
Ferri carbonate pilula ......... PAPET . ceecereriseananenseneses 11
saccharata ..coeeeeenens ‘)98 leed alkah ................ 48,169
sulphas exsiccata ..302| Flame, oxhydrogen ............ 143
sulphuretum... ..303 Flasks, chemical....cceiceernenn. 15
Ferric acetate......occcevreiiesr o 304 orence 15

and ammonium tartrate..316

and potassium tartrate...316| I
304

chloride...cocoveeiirncinncnnd
liquor...cooveerenniennns 305
80lution «eeeeeenieieen. 305
CIIALE. cevvenernarrnenceennnns 305
and ammonium....... 306
and quinine ........... 307
and strychnine.......308
insoluble..ccovuenrens . 305
soluble .ooeer cevrrnnnnnn 306
ferrocyanide.....eieevnnene. 308
hydroxide....cce.cevvennens 311
hypophosphite. .. .. 309
12CLALE eeeevirierienieieaans 300
NILTALe.cereersvennresensrnenns 309
OXIde cevnveernararieoncarecans 310
oxy-hydrate ..o euune 298
potassium ferrocyamde 308
pyrophosphate.....c... ..... 313
BaltS.ceeees cevnren e 295, 303
sesquichloride...... ....... 304
sulphate ....ccooee ceneenianns 314
and ammonium....... 315
Felicis oleoresin... «.............401
Ferrocyanide of iron.... ...308
potassnum ............ 180
zine.. veeeneens. 247
Ferroso- ferrlc oxtde ............ 313
Ferrous arseniate............... 296
bromide ....coovvvnnnnen 297
chloride ....ccoevveeevnnenienn. 298
hypophosphite......cc.u.... 309
1odide ceeverniereniniiniennens 299
lactate .ooeeeeerniieenennenan. 300
oxalate ... ceeiieiiriiiiannen 300

magnetic . . 61
Fluoresce... ... 50
Fluorides, .eveeieenenn. eeeeres 132
Fluorine «ccoeee vevevriuvnnniennns 132
Fluor spar........ ererenneneienn 132
Fly-8tone ceereveveeeereeiannscenanes 293
Feeniculi oleum......cccvueenne. 407
Force, chemical...ccoeeeeen woees 30

electrical coovveeirinnee cenee 55

Vital veeerreenereicrnes covnnns 353
Formates.....cc.coeennneennee Joreens 95

)| Formic acid..ceceeesrnccrssiianns 95
Forms of matter....ccee ceeeveae 25
Primary....coooeienee 26
Formule, chemical............. 37

empirical..cooeinneieneen 38

graphic..oecovniiiicne 38

L UL I R R 84

primary rational............ 84
Formy] chloride..ccceeeerernnnns 363
Foster's battery cc.eeeeveneanne 58
Frictional electncnty .......... 56
PFruit SURAT ceveeersonseeeessiness 3T
Fulminating gold

silver coovneeanes 28
Fuming sulphurica
Funnel..ccooevenes vene
Fuselol..coveriinnnenn reeeaneaen
Fusible metal .....ooocvnnvarinnnn 338

white precipitate........... 271
Fusil 0ilieieieeeniiiiinniinnnn.. 357

(GalactoSe..eerrererareriierrniennes 376
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Hessian crucible. «.cccoveveeees 9
Hexad cooeene vevenreenenrnnnnes . 40
Hexagonal system of cryqtal-
lization.........cuueeee.
Holder for test tubes. ...... .13
Homolgous............. cerreeenas 354
Honey sugar....ccooeeee ceueeee. 377
Hydrargyri chloridum mite 268
cyanidum,......cccuveeennnne. 272
iodidum rubrum.......... 272
oxidum rubrum............ 273
viride..o.oee ceveennnnnn. 268
pilulee..cieneeinninnnn 267
sulphuretum rubrum....276
UNZUENtUM.ccoverae cenennn. 267
Hydrargyrum.....c.ccenineennn, 266
ammoniatum......... eeee 270
oxidum flavum............. 275
rubrum................. 274
Hydrastin..ccooveee iviininninnea 381
Hyosciama......ccceeeeeeeennannn, 388
Hyosciamine.........ccceevaenn 388
Hydrastia..... ....388
Hydrastine......c..cue ... .388
Hydrate of aluminium.........291
AMMONIUM ... veervene vennns 213
chloral...cccoe coveenennoe ...369
103 4] 111 RN 264
potassium.......... eeereens 169
80dium. cceurunnnnnsn ceneenes 187
phenylic .................... 91
................. teeeenn 248
Hydrated oxides....cooveveneenn 79
oxide of iron .....cuene.e.. 311
peroxide of iron ......... 311
sesquioxide of iron....... 311
Hydrates...ccoceetiiecinrennnnnnn 79
Hydrides..;. e 17
Hydriodje acid... . 96
ether...ccovereren e .363
Hydrobromic acid,....... ..... 97
ether.......... . esreseenarann. 362
Hydrocarbons.. ........ reaea 163
saturated... .......c........353
unsaturated........oeoeeunee 354
Hydrochlorate ammonium...210
of quinine... 38>
Hydrochloric acid...........08. 99
ether... ...362

Hydrochlorate ‘of caleium....222
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{ Hydroeyanie acid.., .....100, 165
Hydrofluoric acid............... 132
Hydrogen......cooo ceenninn venens 73

ammonium carbonate....209
tartrate 217
and arsenic
and silicon...
arseniurette
basylous...
di- ammomum phosphate"lf)
dioxide... ccoceernrrnrinnnnann
disodium orthophosph...196
hydroxide of.......... veee
lithium carbonate......... 203
magnesium citrate........241
monosulphide............... 145
monoxide....coeeeearnrennann. ™
peroxide......coevnr vunnnenne 81
persulphide............. ....145
phosphides..........cocc... 151
phosphoretted.............. 151
potassium carbonate.....171
. 8

sulphide........cc.....

sulphuretted .........102, 145
Hydrogenium........c.ouveees ... 76
Hydrometer...........co....... 62, 63

Baume’s.. ceeree 64

Cartier’s.... ceeeeee. 64

tube.ceeeeieciiiininn cenenen 64

Twaddell’s ......cvvceeenne. 64
Hydrosulphuric acid........... 102
Hydrosulphide ammonium...217

Hydrons «.coovs cinpuniniinienians 81
Hydroxide of alumlmum ..201

ammonium............205, 213
barium.... ..233
calcium.... 221
COPPET verreeearas conr oveees264
() 1) T % ;)
ydrogen...c.oieeerenn. veeees 81
ITON .ceeerene e revaranenenss 311
‘magnesium......... ceeennsn 239
citrate ....... veresnsane. 241
potassium.....cccceerneeee.. 169
sodium..,ceeeenee cen . 187
ZINC..eeennnaars earans veerenes
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Hydroxyl...ocooeee cerererencnenns 81 |Todine bromide....cccvveuunnnne 131
Hygroscopic....... .... ST 80 monochloride............... 131
Hypochlorite of calcium......222 pentoxide........ R 131
Hypochlorous acid 12 re-sublimed......cccuue ..., 130
Oxide,ceerrsernenens tests for.......ceeueee. 131,132
Hyponitrous acid............... trichloride ..c..ceuvuunnne... 131
Hypophosphite of calcium...226 | Todethane....ccceceeeeveerieennnes 363
ITOM . ceueerenrenneenciiernacans 309 | [odoform.....cceeuceremnncannnnanen 364
lime..cereaeeninniienencernnnn. 226 | Tridium...ccueeeeenrriiennnnanene. 350
POtassium ....oeeivenreiennss 181 | Irisin oleoresin...........c..euus 401
s0dinm......oeevnneeneennenin 94 TrOD cevennineniniiiciniiie 293
Hypophosphites..... ........... 113 ACELALL wereeererrerrrnarreanas 304
Hypophosphorous acid........ 113 tincture.....ccoee oeee. 304
Hyposulphite of ammonium.217 and ammoniumsulphate.315
sodium.....cooevns veneneees.194 tartrate........ eeeraes 316
commereial............195 and potassium tartrate...316
Ie (aﬂ‘ixg ..................... 47, 137 arseniate....cccoernnirnnenn. 296
Ice, anchor. veeen 79 bromide..cecieveererrnriannn. 297
Ide (affix)... .. 48 by hydrogen....c..e.ceuue.e 294
Indium....cccnvnneenen. .« 292 carbide. .. 62, 294
Infusible white precipitate..270 carbonate ... ..298
Inorganic chemistry........... 73 precipi ..298
Insoluble citrate of iron.....305 chloride ........... .eee. 208
Prussian blue.............. 308 chloride liquor............. 305
inverted sugar...... 375, 377 solution ..ccoeeueereenn. 305
Todic acid.. .covvreeeriinenns wueen 131 CItrate ... eveeeeeererncareness 305
Iodide of ammonium........... 213 and quinine............ 307
ATSENIC...cee vernes crnverennee 156 and strychnine....... 308
cadmium....ooeee veerennen 237 citrate,insoluble........... 305
calcium....oceeeeereennnennnn. 227 soluble..c..courrraennnne 306
ethyl..cccoeiiiiiiiiiiinnnns 363 concentrated tincture...305
13 31 TS 299 dialyzed .....cooveirirnnnnnenn 2
BYTUP ceeeeresoscsneansn 299 antidote for arsenic. 88

| Y: IO 257 ferrocyanide ......... «ueee. 30
lime........ ..227 hypophosphite.............. 309
lithium,..cooeeveveinninninn 204 jodide ceueeiiiniine vennen 209
Manganese...........eeenvee 319 lactate .coer corennrniirenenas 300
mercury, red................273 mass, Vallet's............... 298
methenyl ..ooovvennieinnnnne. 364 malate..ooeeeveiiienieennanns 105
potassium .....eoeenenneennnn 182 Monsel's solution......... 314
Silver coeeerriiieiiiinniennns 282 1TTLT: D R 24
80diUM..evvenireriinnieninenn. 195 muriated tincture......... 305
sulphur....cocevnieennenns 145 NILFAtO . .eeenemerreenraseraansn 309
ZI0C. iiverenssirenreirennnens 248 oxalate. coceueiiieiniinnn, 301
L. BYTUP eeeerenieeennns 248 113 31 LTI 310
Todides....ccoovrerernrann veeernne T oxy-hydrate .........cccuune. 293
test for..oininniiiennn 131 perchloride........oevennas 304
Todine..c.coevuvrnrenneee. ..130 pernitrate ..309
and silicon. .... 159 peroxide..... ..310
and sulphur....ccceeeennins 145 313

persulphate........coeeean.
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Iron phosphate...ccceereeeneeee. 301
PYTIteS ceeeeeniieennciisnnnns 143
pyrophosphate ....... 211, 313

“reduced ..cooiieeinniininnnn: 294
sesquioxide...... eevenenas 310
hydrated......c.ccceve. 311
subsulphate......ccoouennne, 315
sulphate ............... eeen 301
dried.......... veeeee u 302
tests for . eeeienieininiainnnen 317

TsomorphiSm «eeees covvenneeenes 68

TSOMETISI . ceveres sersrernonieensen 51

Isopental aleohol, ... ........ 357

Isopentoic acid .«ocvvveeenenne 124
Isopropyl-acetic acid.....124

Tte (affix)..ccveeveneneerennnennn. 7

Jalap resin..ccecces coeeeeeininnnd 398

Jalapin..coeeeenn 396, 398, 399

so-called resinoid....397,398
Jamaicin....
Jar, leydon
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Lead, antidotes for............... 254
ACK. e rnennierneernasans 161
€arbonntes. .coorureeienniase. 255
chloride.cceeeeee seeeeerennn 256
10dide ceevenenmiennerenreeeaens 257
DItTALE.eereneriernaennnsencns 257
0INtMENLS . creverenrcancenen 109
0102t  eues ceenrenranernncns 258
oxide..coreirennn, ereerenen 2568
oxy-chlorides........ .......256
plaster......cvveveeeeneenennn. 258
Plasters .oeevreerieernniaennas 109
=Y PO ORI 58
saltpetre .ooccoeee ceveineenn. 257
solution subacetate....... 254
SUZAL Ofeevveiiierieernnnnns
sulphate w.ooveeesconeeeees 259
gulphide..ccceisaserenrannnnns 259
tannate.....oo.. eeecnsieesene 259
£eStS fOTuuerrnennnrraancrananes 259
vitriol ... . ..259

Juniper oil.ccoeeeeen. 407 white ceereieniennneanennnans 255
Juniper oil, iodized 130 | Lemon oil... ...408
Juniperi oleum....c...... ...407 | Leptandra res ...400
Juniperwood oil.ceeeeennensis 407 | Leptandrin....... . ..400
AliUMm cereenreenriinvaoinnneenas 168 Lupulinge oleoresin ..401
elD . creeeeriinreinneennianeaees 130 | Levulose. «.cevceeee 377
Kerme’s mineral.......coeeee. 337 Leyden Jar.....coceeerinannnnene 56
Kerme's test for quinine.....384| Liebig condenser....ccccecceee 18
King’s yellow..ccoeceriiinenanenne 157 | Light cvveirecerirmirecsssonnen. B4
Labarraque’s solution........ 193 Drummond.......ceuue oot 143
Lactate of iron...cccceeees veee 300 €leCtTiC v onrvrenrnenereceaeenns 60
ZINC. verenresisararonsses 249 from clectricity ........... 60
Lactates..ccoe coreeeneearnnsnnn.-104 magnesium carbonate....240
Lactic acid «ceeeeevieenenes 104, 376 oxy-caleium. ......... 143, 221
Lactin ceeereeeiees vocereraennnann 375 oxy-hydrogen calcium...221
Lactometer.. .ooeuveereieeneneenee 64| Lignin.ecceeeiiiiiens ciiiisannnen 372
Lamp, alcohol..cconriiniane 11| Lime ccoeee. vecenireernnnnecnicene. 220
Lampblack...cooocenererannennene 162 bisulphide ....cevveieeeeneen. 230,
Lanthanum.ceecee. coeeeees covane 286 bromide . cceeeernrenicecannn 223
Latent heate.ceeeerienreneens 51 carbonate....... yreensen 223 .
Laughing gas...cceeeeeennianeees 215 CAUSEIC e ereearerrerenannrannnn 220
Lavender oil...c.c. veens vreenee 408 chloride. .coveeiriveernennned 222
Lavandulee oleum... «oceueeenn 408 chlorinated. .ccoveveennces 222
Law of Avogadro......ccceeeeee 34 hypophosphite .....ceeeeee. 226
constant pronortions..... 33 fodide. .oooer eriiennnnnns 227
Dalton and Henry....coon 49 milk of...eininnns cennaneeadd 222
Dulong and Petit... . 53 0xalate . cevnneeeiieranneenae 227
Lead...ccovvrerrevereceancsssese 253 phosphate........coeevenennn 228
ACELALE weeerrrrrarsararnseren 2D quick ceenn tieerniiiennnneanad 220
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Lime, slaked ..cccevevvnnnnnnanee 2"1 ] Magnetic fluid....c...cocrveennnns 61
sulphate ..ccoieeeiinnnn o002 2291 Magnetism ceeeeeereieneenneneennns 60
sulphite..c.ciuiceerenecnnnees 230 eleetro .oveenininniinninnn, 61
sulphuret.... ...230, 201]Ma]ate of iron. 105
tartrate...coeveeeeeennnen oo 231! Malates....... 105
Limonis oleum, .o, .. 408 ' Malic acid,.ccceevre menvenennnnnns 105
Liquids, specific gmvny of... 62 \Ianganate of potassium...... 322
Liquor ammonia........eeee.... 213 Manganates..ooooeeeeererernenna. 323
ammoniacal. ......... cean. 212 Manganese «.coceeeevnernennnn. 317
ammonii succinici,........ 216, black oxide....c..u. ...... 322
ammonium acetatis....... 206 dichloride .covevnreennnnnnnn. 318
ferri-chloridi........c...... dioxide...covrrreeriniinnnnnnn, 322
ferri subsulphatis heptoxide :
ferri tersulphatis..........¢ oxides .....
magnesiz cnrbonatls.... 240 peroxide ..
mother....ccccoeiuieenrnnnnnns 70 tests for....
plumbi subacetatis........254, Manganic PN P P 318
POLaSSE . .overrnnnreens ceranes 170 compounds ceeerveniennnane 317
sodae chlorinate...........193 oxide......... reerenerrrraaens 321
Litharge .ccocovvvinnniiiiennnennn, 258 828 cereerniniernnraeriiannnns 322
Lithium,....... et eennaas 201 Mangano-manganic oxide.....322
benzoate ...ocovviniinnnn.. 202! Manganous acetate............. 319
bicarbonate..... .. N 203 acid «oeeeennnne rereneenenn 323
bromide.......covvrerrnrennns carbonate.. 318
carbonate.. chloride...... 318 -
citrate ..... compounds vrereneneresennes. 317
jodide coereerenrereenernnannnn. hydrate..ccocee veeveeninennen 321
tests for........... ceesarane 204 10d1idC eveiennriencinnieirens 319
Liver of sulphur....ccauu.cu.. 186 0xide weeeeniiireniniiinnnennn 321
L0adStone ceeeeeneenrenneesarnennns 60 phosphate....c..oeerennenen. 319
Loaf sugar.....cooveeenuieennene. 375! Macrotin.....cuvrereensareeneraas 400
Lobelia oil ....c.. «eceuue eneenn. 4091 Maltose. ccoeerrerrurenninarennnne 376
Lupulinae oleoresin............ 401! Manganous phosphate......... 319
m. (MINIM)eeeeee, cerereeeennnnes .24 sulphate..ccceenn vevennennnns 320
Machine electrical........ov.... 56! Manna ..coeeeeevuneeneeneenrnnneenn 359
Magnesia........ ..239 ! Mannite .......... ...359
calcined... --239| Mannitic alcohol......ovn... 359
USLA. - eeverereeencrncreneceann 239 | Mannityl hydrate..ooeeeuenenn.., 359
Mac'nesmm ........................ 2381 Maple BUZAT..ccovereeierenrnecan. 375
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