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(K,00,) and carbonate of hydrogen, or true carbonic acid (H,005);
3t 1% ¢ acid carbonate of potassium ™ or ¢ hydrie potassium carbonate.”
Hence in constitution it 18 an acid salt, although not acid to the
taste.

Salts whose specific names end in the syllable “ ate” (carbonate,
sulphate, etc.) are in general conventionally so termed when they
contain an acidulous radical, or the characteristic elements of an
acid whose name ends in “ic,” and from which acid they have been
or may be formed. Thus the syllable  ate,” in the words sulphate,
nitrafe, acetafe, carbonate, etc., indicates that the respective salts
contain a ragical whose name ended in ic, the previous syllables,
sulph-, nitr-, acet~, carbon-, indicating what that radical was—the
sulphurie, nitric, acetio, or carbonic. Occasionally a letter or syl-
lable is dropped from or added to a word to render the name more
euphonious ; thus the sulphuric radical forms sulphates, not sul-
phurates.

Citrate of Potassium.

Fifih Synthetical Reaction.—Dissolve a few grains or more
of bicarbonate (or 8 parts) of potassium in water, and add (6
parts of ) citric acid (H,C.H;0;) antil it no longer causes effer-
vescence. The resulting liguid is a solution of citrate of potas-
sium (K;CH0r) (Laguor Potassit Citratis, U. 5. P, sp. gr. 1.059).
Evaporated to dryness, in an open dish, a pulverulent or granular

residue is obtained, which is the official Potassti Citras, U.S. 155,
a white deliquescent powder.

3KHCO, + H,(H.O, = ECGB.O, = 3H,0 + 3CO0,

Carbonate of Citric acid. Citrate of Water. Carhonic

potassiuin. potassium. acid gas.

Clitrates—The citrie radical or group of elements, which with
three atoms of hydrogen forms 2 molecule of citric acid, and with
three of potassium citrate of potassium, is @ trivalent grouping;
hence the three atoms of potassium in a molecule of the citrate.
The full chemistry of citric acid and other citrates will be subse-
quently deseribed.

Nitrate of potassium (KNOy) (Potassii Nitras, U. 8. P.) and Sul-
phate of potassiwm (K,80,) (Potassi Sulphas, U. 8. P.) could ob-
viously also be made by saturating nitric acid (HNO,), and sul-
phuric acid (H,80,), respecti vely, by carbonate of potassium. Prac-
tically, they are not made in that way—the nitrate oceurring, as
already stated, in nature, and the sulphate as a by-product in many
pperations. Both salts will be hereafter alluded to in connection
with nitric acid.

Tartrate of Potassium.

Sixth Synthetical Reaction—DPlace a few grains of car-
bonate of potassium in a test-tube with a little water, heat
to the boiling-point, and then add acid tartrate of potassium

(sKl-i'CJl,,().5 or KHT) #ill there is no more efferyescence; &
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solution of neutral tartrate of potassium (K,T) results, the
Potassii. Tartras of the United States Pharmacopeeia the old
wSoluble Tartar.” Crystals (4- or 6-sided prisms)jmay be
obtained on concentrating the solution by evaporation and
sotting the hot liguid aside. Larger quantities are made in
the same way, 20 of acid tartrate and 9 of carbonate (with 50
of water) being about the proportions pecessary for neutrality.
ZI\II(LH_lQG A0, = 2K CH 0 H O co
Acid !‘:u"l:'_mtu of Carbonate of Neutral tartrate Water. Cﬁlrbunize
potassium. potassium. of potassium. acid gas.
”rrr,fr(j:ie.v.—CJT;Oﬁ are the elements characteristic of all tar-
trates ; they form a bivalent grouping; hence the formula of the
hydrogen tartrate, or tartaric acid, is 1,C,H,0,; that of the potas-
sium tartrate K,C,H,0;; of the intermediate salt, the acid pota‘s-
sium tartrate (cream of tartar), KHCH Og If the acid tartrgte of
one metal and the carbonate of another react, o neutral dimetallic
Eg.rt[mt;r.1-.esults, as seen in Rochelle salt (KNaC,ILO,, 4H,0), the
J{i“ f{fj;mru[jagztflz)of the British Pharmacopeia (Potassii e Sodii
 Aeid salts (e g. KHC,H,0,), that is, salts intermediate in compo-
sition between a normal or neutral salt (e. g. K,0,H,0,) and an acid
(r.l_a.;. II'._,(,‘,lll,U“), will frequently be met with. Al acidulous radi-
;Ll;lui?tf)ullr;ﬂlﬁh;t:\dh::ﬂlt;ue univalent, may be concerned in the for-

Todide of Potassium.

Seventh Synthetical Reaction.—Into a solution of potash, heat-
ed in a test-tube, or flask, or in an evaporating basin acc:)rding
to quantity, stir a small quantity of solid iodine. The deep color
of the iodine disappears entirely. This is due to the formation
of the colorless salts, iodide of potassium (KI) and iodate of
potassium (KI0y), which remain dissolved in the liquid. Con-
tinue th!e addition of iodine so long as its color, after a few
minutes’ warming and stirring, disappears. \«Vh(;n the whole
of the potash in the solution of potash has been converted into
the salts mentioned, the slight excess of iodine remaining in
the liquid will color it, and thus show that this stage of the
operation is completed.

[(?E?Ilpf + 38T, = 5KI + K10, + 3HO

] u! :it_b 0 Todine. Todide of Todate of Water.

potassium, potassium. potassium. :

5 ]Srj)m'cz.fwn of the Iodide from the Iodate—Evaporate the

a-:j]iu-?m} 'tr) dryness. If each salt were required, the resulting

;015 111.115111_1'& might be digested in spirit of wine, which dis-

= e\des_t 16 iodide, but not the iodate. But the iodide only is
in medicine. Mix the residue, therefore (reserving a
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grain or two for a subsequent experiment), with about a twelftk
of its weight of charcoal, and gently heat in a test-tube or
crucible until slight deflagration ensues.

= . 2 3 2 e .

The crucible may be held in a spirit or air-gas flame, or
other fire, by tongs. (Scissors-shaped and other ©erucible-
tongs” are sold by all makers of apparatus.) Under these
circumstances the iodide remains unaffected; but the iodate
loses all its oxygen, and is thus also reduced to the state of
o ygen,
iodide.

2K10, + 3G, 2KI <+ 6CO
Todate of Carbon. Todide of Carbonie
potaszium, potassivm., oxide.

Treat the mass with a little water, and filter to separate ex-
cess of charcoal ; a solution of pure iodide of potassium results.
(Potassic Jodidum, U. 8. P.) The latter may be used as a re-
agent or it may be evaporated to a small bulk and set aside to
crystallize.

Properties—Todide of potassium crystallizes in small cubical ery

tals, very soluble in water, less so in spirit. One part in twenty of
water forms * Solution of Iodide of Potassium,” U. 8. P. Exposed
to air and sunlight, pure iodide of potassium becomes slightly brown
owing to the liberation of iodine. Under these circumstances a little
carbonate of potassium is produced by action of the atmospheric
carbonic acid and a little hydriodie acid (HI) is set free, and the
latter, attacked by oxyezen, yields a trace of water and of free iodine,
The ozone in the air (see *“ Ozone” in Index) may also contribute to
the liberation of iodine from such eompounds as iodide of potassium,

The addition of chareoal in the above process is simply to facili-
tate the removal of the oxygen of the iodate of potassium. Iodate
of potassium (KI0,) is analogous in constitution, and in composition,
so far as the atoms of oxygen are concerned, to chlorate of potassium
(K(C10,), which has already been stated to be more useful than any
other salt for the actual preparation of oxygen gas itseif. Ience the
removal of the oxygen of the iodate might be accomplished by heat-
“ing the residue without charcoal. Tn that case the liberated oxygen
would be detected on inserting the incandescent extremity of a strip
of wood into the mouth of the test-tube in which the mixture of
jodide and iodate had been heated. The charcoal, however, burns

*1If, in the operation of heating iodate of potassium with charcoal,
excess of the latter be employed, slight incandescence rather than
deflagration occurs; if the charcoal be largely in excess, the reduc-
tion of the fodate to iodide of potassium is effected without visible
deflagration or even incandescence.

Deflagration means violent burning, from flagratus, burnt ( flagr
burn), and de, 2 prefix augmenting the sense of the word to whi
may be attached. Paper thrown into a fire simply burns, nitre defia-
grates. De-tonate (defono) is a precisely similar word, meaning to ex-
plode with violent noise.
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out the oxygen more quickly, and thus economizes both heat and
time. :

Note—The formula of iodide of potassinm (KI) shows that the
galt contains potassium and iodine in atomic proportions. A refer-
ence to the table of atomic weights at the end of the volume, and a
rule-of-three sum, would therefore show what weight of salt is pro-
ducible from any given weight of iodine.

Detection of Iodate in Todide of Potassium.—Todate of po-
tagsium remaining as an impurity in iodide of potassium may
be detected by adding to a solution of the latter salt some
weak acid (say tartaric), shaking, and then adding mucilage of
starch ; blue “iodide of starch” is formed if a trace of iodate
be present, not otherwise. By the reaction of the added acid
and the iodate of potassium, iodic acid (HTO,) is produced,
and by reaction of the added acid and the iodide of potassium,
hydriodic acid (HI) is produced; neither of these two acids
alone attacks starch, but by reaction on each other they give
rise to free iodine, which then forms the blue color. This ex-
periment should be tried on a sample of pure iodide of potas-
sium and on a grain or two of the impure iodide reserved from
the previous experiment. Todide of potassium containing iodate
would, obviously, yield free iodine, which is excessively corrosive,
on the salt coming into contact with the acids of the stomach.

HIO, + 5HI = 2H.,0 + 3L.

Vote on Nomenclature—"The syllable ide attached to the syllable
40d, in the name * iodide of potassium,” indicates that the element
iodine is combined with the potassium. An iodafe, as already ex-
plained, is a salt containing the characteristic elements of iodic acid
and of all iodic compounds. Inorganic salts one of whose names
ends in 4de are those which are, or may be, formed from elements.
The names of salts which are, or may be, formed from compounds
include other syllables, afe being one (see page 72). The only otker
syllable is 4fe, which is included in the names of salts which are, or
may be, formed from acids and radicals whose names end in ous:
thus hyposulphife of sodium, ete. To recapitulate: an inorganic
salt whose name ends in afe contains a compound acidulous radical
whose name ends in ie: a salt whose name ends in ife contains a
compound acidulous radical whose name ends in ous; an inorganic
salt whose name ends in ide contains an element for its acidulous.
radical. Thus sulphide relates to sulphur, sulphife to the sulphur-
ous radical, sulphate to the sulphuric radical, and so on with other
morganic *ides,”’ “ites,”’ or “ ates.” :

_ Bromide of Potassium (Potassii Bromidum, U. 8. P.)}—This salt
1s identfical in constitution with iodide of potassium, and may be
made in exactly the same way, bromine being substituted for iodine.
The formula of bromie acid is HBrO,. It will be noticed that the
following equations are similar in character to those showing the
preparation of iodide of potassium:—
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¢KHO 4+ 38Br, = _OKBr + KBO, + B3HQ
Hydrate of Bromine. Bromide of Bromate of Water.
potassinm. potassinm. potassium.

9KBr0, + 30, — 2KBr 4 6C0
Bromate of Carbon. Bromide of Carbonic
potassinm. potassium, oxide.

Bromide of potassium may also he made by decomposing solution
of bromide of iron (FeBr,) by solution of pure carbonate of potas:

sium (K,CO,), evaporating and crystallizing.

Manganates of Potassium.

Eighth Synthetical Reaction—Place a fragment of solid
caustic potash (KHO), with about the same quantity of chlo-
rate of potassium (KC10y), and of black oxide of manganese
(MnQ,) on a piece of platinum foil % Told the foil by a small
pair of forceps or tongs in the flame of a blowpipe for a few
minutes until the fused mixture has become dark green—ap-
parently black. This color is that of manganate of potassiui
(K,MnO,).

6KHO + K(Cl0, + 3MnO, = 3K, Mn0, + KC1 + 3H,0
Hydrate of Chlorate of Black oxide of Manganate of Chloride of Water,
potassinm. potassium. manganese, potassinm. potassiun.

Ninth Synthetical Reaction.—Permanganate of Potassium
(K, Mn,0y) (Potassit Permangands, U. 8. P.), which is purple,
is obtained, or rather a solution of it, on placing the foil and
its adherent mass in water, and boiling for a short time.

3K,Mn0, + 2H,0 = K Mn,0, + 4KHO | M nQ,
Manganate of Water. Permanganate Hydrate of Black oxide
potassium. of potassium. potassinm. of manganese.

On the large scale, the potash sef free in the reaction is neutral-
ized by sulphuric or, better, carbonic acid, and the solution evap-
orated to the crystallizing point. Further details will be given in
connection with manganese.

Solutions of manganate or permanganate of potassium and of
sodinum so readily yield their oxygen to organic matter, that they
are used on the larse scale as disinfectants, under the name of
“ Qondy’s Disinfecting Fluids.”

Synthetical Reactions bringing under consideration the remaining
official compounds (namely, bichromate, arsenite, chlorate, cyan-

*# The foil may be 1 inch broad by 2 inches long. No ordinary flame
will melt the platinum ; fused canstic alkalies only slowly corrode if,and
very few other chemical substances affect it at all ; hence the same piece
may be used in experimenting over and over again. Most metals form
a fusible alloy with platinum, and phosphorus rapidly attacks it, hence
cach substances, as well as mixtures likely to yield them, should be
heated in a small porcelain crucible.
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ide, forrocyanide, and ferrideyanide of potassium) are deferred at
present.

() Reactions having Analytical Interest (Tests).

Note—These are reactions utilized in searching for small quanti-
tios of a substance (in the present instance of potassium) in a solu-
tion. They are hest performed in test-tubes or other small vessels.
Tach reaction should be expressed, in the form of an equation or
diagram, in the student’s note-hook. Al previous or future equa-
tions given in this volume should be transferred to the note-book in
the form of diagrams, constructed as described on pages 63 and 84,
unloss the student can with ease construct the equations without the
aid of the manual.

First Analytical Reaction*—To a solution of any salt of
potassium (chloride,f for example) add a few drops of hydro-
chloric acid and of a solution of perchloride of platinum
(PtCl,), and stir the mixture with a glass rod; a yellow gran-
ular or slightly crystalline precipitate | slowly forms. (The
precipitate is the double chloride of platinum and potassium,
and its composition is expressed by the formula P+C1,2KCL)

Memoranda.j—When the precipitate is long in forming, it is some-

# As already indicated, chemical reactions are scarcely analytical
or synthetical in themselves, but, rather, performed with an analytical
or synthetical object. Indeed, not unfrequently one and the same re-
action is both a synthetical and an analytical reaction. Thus this
first, so-called, “analytical reaction” is a synthetical reaction if per-
formed with the object of preparing a specimen of the double chloride
of platinum and potassium. It is an analytical reaction, or, rather,
has analytical interest, if performed with the object of demonstrating
the presence of potassium, Chemical reactions in themselves are
operations, not so much of analysis (resolution) or synthesis (combina-
tion) or of analysis and synthesis conjoined, as of what has sometimes
times been termed metathests (transposition). Molecules are not forn
to atoms in an operation performed with an analytical object. nor are
the atoms put together or set together in an operation (perhaps the
same operation) performed with a synthetical object: but in both
operations the atoms of the molecules undergo metathesis, that is,
?xchang.e places, or are transposed. In short, chemists use the words
‘analytical” and “gynthetical” in a conventional rather than a
St-rfct]}'.etymological sense. :

T A few fragments of carbonate of potassium, two or three drops of
hydrochloric acid, and a small quantity of water, give a solution of
chloride of potassium at once, K,CO; 4 2HCl = 2KCl + H,0 -+ CO,.

I By precipitation (from preeeipito, to throw down suddenly) is simply
meant the formation of particles of solid in a liquid, no matter whether
the solid, the precipitate, subsides or floats.

_ 4 Experiments with such expensive reagents as perchloride of plat-
inum are economically performed with watch-glasses, drops of the
liquid being operated on.
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times of an orange-yellow tint. If iodide of potassium happen to
be the potassium salt under examination, some iodide of platinum
(PtI,) will also be formed, giving a red color to the solution, and a
larger quantity of the precipitant (that is, the precipitating agent)
will be required.

Precaution—Only chloride of potassium forms this characteristic
compound ; hence, if the potassium salt in the solution is known not
to be a chloride, or if its composition is unknown, a few drops of
hydrochloric acid must be added, otherwise some of the perchloride
of platinum will be utilized for its chlorine only, the platinum being
wasted. Thus, if nitrate of potassium (KNO,) be present, a few
drops of hydrochloric acid enable the potassium to assume the form
of chloridé when the perchloride of platinum is added, nitric acid
(HINO,) being set free.

Baxplanation.—The precipitate is, practically, insoluble in water.
Tt is for this reason that a very small quantity of any soluble potas-
sium salt (or, rather, of the potassium in that salt) is thrown out of
solution by perchloride of platinum.

Note on. Nomenclature—When distinet moleenles of salts unite
and form a single erystalline compound, the product is termed a
double salt. The double chloride of potassium and platinum is
such a body.

Acid Tartrate of Potassinm,

Second Analytical Reaction.—To any solution of any salt
of potassinm add excess of strong solution of tartarie acid
(H,0,H,0,), and shake or well stir the mixture; a white gran-
ular precipitate of acid tartrate of potassium (KHC.H,Os)
will be formed. ]

Note—By “excess” of any test liquid (such as the “ solution of
tartaric acid”’ just mentioned) is meant such a quantity as is probably
rather more than sufficient to convert the whole weight of the com-
pound attacked into the compound produced. Thus, in the present
case enough acid must be added to convert the whole of the potas-
sium salt operated on into acid tartrate of potassium. What the
woight of salt operated on was must be mentally estimated, roughly,

. by the operator. It is not necessary in analyzing to know the exact
weights of salts employed. The analyst must use his judgment,
founded on his knowledge of the reaction (as shown by an equation)
and of the molecular weights of the substances employed in the
reaction as well as by the rough estimate of the amount of material
on which he is experimenting.

Limits of the Test—Acid tartrate of potassium is soluble in about
180 parts of cold and in 6 parts of boiling water. Hence, in apply-
ing the tartarie test for potassium, the solutions must not be hot.
Even if cold, no precipitate will be obtained if the solutions are
very dilute. This test, therefore, is of far less value than thatfirst
mentioned. The acid tartrate of potassium is less soluble in diluted
aleohol than in water ; so that the addition of spirit of wine renders
the reaction somewhat more delicate.
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Cream of Tartar.—The precipitate is the Bitartrate or Acid Tar-
trale of Potassium (Potassii Bitartras, U. S. P.), though the official
preparation is not formed in the above manner; on the contrary,
the acid is derived from the salt, which, often mixed with some tar-
erate of caleium, occars naturally in the juice of many plants.

Memorandum—When the tartaric acid is added to the salt of
potassium, and the acid tartrate formed, the acid whose chief ele-
ments were previously with the potassium is set free; and in such
acid solutions the acid tartrate is somewhat soluble. To prevent
loss on this account, acid tartrate of sodium, or Bitartrate of So-
‘dinm, U. S. P., NaHC,H,0,, H,0, a salt tolerably soluble in water,
mav be used as a test instead of tartaric acid (Plunkett). The
sodium, uniting with the acidulous radical, thus gives a neutral
instead of an acid solution. But this advantage is of less import-
ance from the fact that more water is introduced by the saturated
solution of acid tartrate of sodium than by a saturated solution of
tartaric acid.

Third Analytical Reaction—The flame-test. Dip the looped
end of a platinum wire into a solution containing a potassium
salt, and introduce the loop into the lower part of a spirit-
flame, the flame of a mixture of gas and air, a blowpipe flame,
or other slightly colored flame. A light violet or lavender tint
will be communicated to the flame, an effect highly character-
istic of salts of potassium.

Fourth Analytical Fact.—Salts of potassium are not vola-
tile. Place a fragment of earbonate, nitrate, or any other po-
tagsium salt, on a piece of platinum foil, and heat the latter
in the flame of a lamp; the salt may fuse to a transparent
liquid and flow freely over the foil, water also if present will
escape as steam, and black carbon be set free if the salt hap-
pen to be a tartrate, citrate, ete.; but the potassium compound
itself will not be vaporized. This is a valuable negative prop-
erty, as will be evident when the analytical reactions of ammo-
nium come under notice.

QUESTIONS AND EXERCISES.

70. Narae the sources of Potassium.

T1. Give the source, formula, and characters of Carbonate of
Potassium. i
72. Distinguish between synthetical and analytical reactions.

73. How is the official Liguor Potasse prepared ?

74. What is the systematic name of Caustic Potash ?

75. State the chemical formula of Caustic Potash.

76, Construet an equation or diagram expressive of the reaction
between Carbonate of Potassium and slaked lime.

77. Define a hydrate.

FAC. DE MED. U. A. N. L.
BIBLIOTECA
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78. What group of atoms is characteristic of all carbonates?

79. Define the term radical.

80. How is * Sulphurated Potash” made, and of what salts is it a
mixture ?

81. What is the formula of the acetic radical—the radical of all
acetates ?

82. Draw a diagram showing the formation of Acetate of Potas
sinm.

83. Give a general process for the conversion of carbonates into
other salts.

84. What is the difference between Carbonate and Bicarbonate of
Potassium ? How is the latter prepared?

85. What is the relation between salts whose specific names end
in the syllable “afe,” and acids ending in “dc™'?

86. Draw out diagrams or equations descriptive of the formation
of Tartrate of Potassium from the Acid Tartrate, and Citrate from
the Carbonate of Potassium.

87. Distingnish between a normal and an acid salt.

88. How is Iodide of Potassium made? Illustrate the process
either by diagrams or equations.

89. Describe the appearance and chemical properties of Iodide of
Potassinm.

90. Work out a sum showing how much Iodide of Potassium is
produgcible from 1000 grains of Todine? Ans. 1307 grains.

91. Give a method for the detection of Todate in Todiie of Potas-
sium. Explain the reaction.

92. Has the syllable “4de” any general significance in chemical
nomenclature ? ; ;

93. What are the differences between sulphides, sulphites, and
sulphates ?

94. Mention the chemical relations of Bromide to Todide of Potas-
sium.

95, Describe the formation of Permanganate of Potassium, giving
eguations or diagrams.

96. How do manganate and permanganate of potassium act as
disinfectants ?

97. Enumerate the tests for potassium, explaining by diagrams or
equations the various reactions which oceur.

SODIUM.
Symbol Na. Atomic weight 23.
Formula Na,. Probable molecular weight 46.
Memoranda.—Most of the sodium salts met with in Pharmacy
are obtained directly from carbonate of sodium, which is now manu
factured on an enormous seale from chloride of sodinm (common
salt, sea-salt, bay-salt, or rock-salt), the natural source of the so
dium salts. When pure, salt (Sodii C'hloridum, U. 8. P.) oceurs ‘“in
gmall white crystalline grains, or transparent cubic erystals, free
from moisture;” the best varieties commonly contain a little chlo-
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ride of magnesium and sometimes other impurities. Besides the direct
and indirect use of carbonate of sodium, or carbonate of soda, as it is
gommonly called in medicine, it is largely used for houschold cleansing
purposes under the name of “soda,” and in the manufacture of soap.
kitmte of sodium alse oceurs in nature, but is valuable for its nitric
constituents rather than its sodium. Sodium is a constituent of about
forty chemical or Galenical preparations of the Pharmacopeeias.

Sodium is prepared by a process similar to that for potassium, but
with less difficulty. Castner obtains it comparatively cheaply by dis-
tillation from a mixture of soda, earbon, and iron contained in steel
vessels. It hasa bright metallic lustre when freshly cut, but rapidly
absorbs oxygen and moisture and carbonic acid gas from the air, and
thus becomes coated with carbonate of sodium. It displaces hydrogen
from water, yielding a solution of hydrate of sadium, but unless the
sodium is confined to one spot by placing it on a small floating piece
of filter-paper, the action is not sufficiently intense to cause ignition
of the escaping hydrogen. When the latter does ignite, it burns with
a yellow flame, due to the presence of a little vapor of sodium. Tt
crystallizes in octahedra, Tts atom is univalent, Na’.

Na, + 2H,0 = H, -+ 2NaHO.
Sodium. Water. Hydrogen. Hydrate of sodium,

Tt similarly attacks alcohol, yielding ethylate of sodium (see In-
dex). It may be kept beneath the surface of a liquid containing
neither moisture nor oxygen in any form (mineral naphtha).

REACTIONS HAVING (a) SYNTHETICAL AND (b) ANALYTICAL
INTEREST.

(@) Reactions having Synthetical Interest.

Hydrate of Sodium, Caustic Soda.

First Synthetical Reaction—The formation of solution of
hydrate of sodium or caustic soda, NaHO (ZLiguor Sodz, U.
8. P.). This operation resembles that of making solution of
potash already deseribed, and its strength is the same, “about
5 per cent.;” sp. gr. about 1.059.

Na,00, -+ Ca2HO — 2NaHO + CaCO,
Carbonate Hydrate of Hydrate of Carbonate
of sodium. ealeium. sodium. of calcium.

The practical student should refer to the remarks made concerning
solution of potash, applying them to solution of soda. 1 solution of
soda be evaporated to dryness, and the residue fused and poured into
moulds, solid hydrate of sodiuam (Soda, U. 8. P.) is obtained. Com-
mon and cheap caustic soda is now largely employed in various man-
ufactures. This variety is a by-product in the preparation of carbon-
ate of sodium, but, though highly useful as a chemical agent, is too
impure for use in medicine. The United States Pharmacopceia rec-
ognizes Liguor Sodz made from solid caustic soda 56 parts, and dis-

4%
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tilled water 944 parts; or from caustic soda of any other strength if
only an equivalent amount be used.

Second Synthetical Reaction.—The reaction of sulphur zad
carbonate of sodium 2t a high temperature resembles that of
sulphur and carbonate of potassium; but, as the product 18 not
used in medicine, the experiment may be omitted. It is men-
tioned here to draw attention to the close resemblance of the
potassium salts to those of sodium.

Acetate of Sodinm.

Third Synthetical Reaction—Add the powder or fragments
of carbonate of sodium (Na_.C()-,.) to some strong aeetic acid in
a test-tube or evaporating-basin as long as-effervescence occurs,
and then evaporate some of the water”® When the solution
is cold, erystals of Acetate of Sodium (NaC,H,0,,3H,0) (Sodii
Acetas, U. S. P.) will be deposited. A ten per cent. solution
in distilled water forms the * Solution of Acetate of Sodium,”
B B

Acetate of sodium effloresces in dry air, and loses all its
water of erystallization when gently heated. It supports a
temperature of 270° or 280° ¥. without decomposition, but
above 300° soon chars.

Na,C0, + 2HC,H,0, = 2NaC,H,0, + H,0 + CO,

Carbonate Acetic acid. Acetate of Water. Carbonic
of sodium., sodium. acid gas.

Bicarbonate of Sodium.

Fourth Synthetical Reaction—The action of carbonic acid
(H,CO;) or carbonic acid gas (CO,) and water (H,Q), on car-
bonate of sodium (Na,C0O,). This resembles that of carbonic
acid on carbonate of potassium, but is applied in a_different
manner. The result is bicarbonate of sodium (NaHCOj)
(Sudii Bicarbonas Venalis, U. 8. P.).

Na,00, + H,0 + €O, = 2NaHCO,
Carbonate Water. Carbonic Bicarbonate of
of sodinm. acid gas. sodinm,
Process—Heat erystals of carbonate of sodium in a porce-
lain crucible until no more steam escapes. Rub the product,
in a mortar, with two-thirds its weight of more of the erystals
and place the powder in a test-tube or small bottle into which
earbonic acid gas may be conveyed by a tube passing through

% The “water” alluded to occurs in the acid, which, though come
monly termed “acetic” acid, is really a solution of that acid in water.
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a cork and terminating at the bottom of the vessel. To gene-
rate the carbonic acid gas fill a test-tube having a small hele
in the bottom (or a similar piece of glass tubing, of which one
end is plugged by a grooved cork) with fragments of marble,
insert a cork and delivery-tube, and connect the latter with the
gimilar tube of the vessel con-
taining the carbonate of so-
dium by a piece of India-
rubber tubing. Now plunge
the tube of marble into a
test-glass, or other vessel,
containing a mixture of one
part hydrochloric acid and
two parts water, and loosen
the cork of the carbonate-of-
sodium tube until carbonic
acid gas, generated in the  Preparation of bicarbonate of sodium.
marble tube, may be con-

sidered to fill the whole arrangement; then replace the cork
tightly and set the apparatus aside. As the gas is absorbed by
the carbonate of sodium, hydrochloric acid rises into the marble
tube, and generates fresh gas, which, in its turn, drives back
the acid liquid, and thus prevents the production of any more
gas until further absorption has occurred. When the salt is
wholly converted into bicarbonate (NaHCO;), it will be found
to have become damp through the liberation of water from the
erystallized carbonate (Na,CO;,10H,0). (It would be inconve-
niently moist, even semi-fluid, if a part of the carbonate had
not previously been rendered anhydrous.) The Sodii Bicar-
bonas, U. 8. P., is the commercial bicarbonate purified from
any carbonate or traces of other salts by introducing it into a
percolator and passing water through it till the washings cease
to precipitate a solution of sulphate of magnesium, when the
bicarbonate of sodium is removed from the percolator and
dried on hibulous paper in a warm place.

The carbonate of sodium may be placed, not in a test-tube or bottle,
but in a vertical tube the bottom of which is loosely closed by a grooved
cork. Any water of erystallization that is set free then runs off (into
a basin or cup beneath), and takes with it any impurities (chlorides or
sulphates, etc.) that may haye been present in the original salt.

_Bicarhonate of sodium is also now largely prepared by adding
bicarbonate of ammonium to a strong solution of common salt;
bicarbonate of sodium is precipitated.

NH,HCO, -+ NaCl = NaHCO, -+ NH,CI

Bicarbonate of Chloride of Bicarbonate Chloride of
ammonium. sodium, of sodinm. ammonium.
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The resulting chloride of ammonium is reconverted into carbonate
(p. 91); the latter, more fully carbonated, again used for producing
bicarbonate of sodium. Indeed, carbonate of sodium (Sodii Clr-
bonas, U.S. P.) is commercially made by heating the bicarbonate thus
obtained, the carbonic acid then liberated serving for the convert-
ing of the carbonate of ammonium into bicarbonate of ammonium.

9NaHCO, — N3,C0, + HO + CO,

Bicarbonate Carbonate ‘Water. Carbonic

of sodium. of sodium. acid gas.

A erystal of carbonate of sodium is carbonate of sodium plus
water (Sodii Carbonas, U.S. P.; see “ Carbonates”); on heating if,
more or less of the water is evolved, and ankydrous carbonate of
sodium is partially or wholly produced (Sodii Carhonas Exsiceatus,
E s 1T

— 10H,0 = Na.C0,
Water Dried carbonate
of sodium (286). (180). of sodinm (106).

According to the United States Pharmacopeia dried carbonate of
sodium is to he prepared by exposing crystals of carbonate of so-
dium to warm air for several days to effloresce, and then to a tem-
perature of about 45° C. until half the original weight is obtained.
286 parts would thus become 143, and the latter would thus still
retain 37 parts of water. In other words, the dried carbonate eon-
tains 72.6 per cent. of anhydrous carbonate and 27.4 per cent. of
water. The crystals contain, obviously, a little more than 37 per
cent. of anhydrous carbonate and nearly 63 per cent. of water. The
student should verify all these figures.

Note on Nomenclature—Anhydrous bodies (from a, @, and ddop,
hudor, 1. e. withont water) are compounds from which water has
been taken, but whose” essential chemical properties are unaltered.
Salts containing water are hydrous bodies; of these the larger por-
tion are crystalline, and their water is then termed water of erystal-
“lization. Non-crystalline hydrous compounds were formerly spoken
of as hydrated substances ; hydrates are, however, a distinet class
of bodies, salts derived from water by one-half of its hydrogen
becoming displaced by an equivalent quantity of another radical.
Anhydrides form still another distinet class of chemical substances;
they are derived from acids; in short, they are acids from which,
not exactly water as water, but the elements of water have been
removed, the essential chemical (acid) properties being thereby
greatly altered. (For illustrations, see Index, “ Anhydrides

Waier of Crystallization—The water in erystallized carbonate
of sodium is in the solid condition, and, like ice and other fusible
substances, requires heat for its liquefaction. Many salts (freezing-
mixtures), when dissolved in water, give a very cold solution. This
is because they and their solid water, if they have any, are then,
absorbing some heat from surrounding media, converted into liquids.
Take away from water some of its heat, the result is ice. Give to ice
(at 32° F.) more heat than it contains already, the result is water
(still at 32° I.). (Heat thus taken into a substance without increas-
ing its temperature is said to become lateni—from latens, hiding ; it
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is no longer discoyerable by the sense of touch or the thermometer.
The term lafeni gives a somewhat incorrect idea, however, of the
process; for our knowledge of the extent and readiness with which
one form of force is convertible into another renders highly probable
the assumption that heat is in these cases converted into motion, the
latter enabling the molecules of a solid to take up the new positions
demanded by their liquid condition.) The only apparent difference
between ice and the water in such crystals as carbonate of sodium is
that ice is solid water in the free, and watar of erystallization solid
water in the combined state. The former can only exist at and below
82° F.; the latter may exist at ordinary temperatures. Many salts
however, which unite with little or even no water of erystallization
at common temperatures, take up much, according to Guthrie, at very
low temperatures, and such salts he calls eryohydrates (-rp:;o;" kruos.
icy cold, frost). On the other hand, all water of cr_y'sf:atllizz;tion is
dispelled at high temperatures. In chemical formulée, the symbols
representing water are usually separated by a comma from those
representin salts. The erystals of acetate of sodium (of the third
reaction) contain water in this loose state of combination—water of
erystallization (NaC,H,0, 3H,0). It is just possible, however, that
this so-called ‘“water of crystallization’” is in a more intimate stato
of combination than is indicated by such a formula as that just giv;n.

_“ Soda-water.”—A solution of bicarbonate of sodium in water
charged with carbonic acid gas under pressure constitutes the offi-
cial Liguor Sodee Effervescens, B. P., and, like the i potash-water "’
of the shops, is a true medicine, an antacid. Ordinary *soda-water,”
however, 1s in many cases simply a solution of carbonic acid gas in
water, and would be mare appropriately termed * aérated water
any medicinal effect it may possess is due to the sedative influence
of its carbonic acid gas on the coats of the stomach. At common
temperatures water dissolves about its own volume of carbonic acid
gas, both being under the same pressure. One pint of the official
soda-water contains 30 grains of bicarbonate of sodium and a pint
of carbonic acid gas; but the solution is under a pressure of four
atmospheres—including the ordinary pressure of our atmosphere
four atmospheres altogether—so that four pints of the gas at ordi-
nary atmospheric pressure are required for the quantity mentioned.

Solubility of Gases in Water.—Whatever the weight and volume
of 2 gas dissolved by a liquid at ordinary atmﬁspher;} pressure, that
weight is doubled by double pressure, the two original volumes of
gus thereby being reduced to one; trebled at treble pressure, the
three original volumes of gas being reduced to one; quadrupléd at
quadruple pressure, the four original volumes of ga; being reduced
0 one, and so on. This is-a general law (Henry and Dalton) regard-
Ing the solubility of gases in liquids under given temperatures. ~ An
average bottle of *“ soda-water” contains about four times the weight
of carbonic acid gas which can exist in it without artificial pressx?re
8o that on removing its cork three times its bulk escapes, its own
bulk remaining dissolved. ;
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Tartrate of Potassium and Sodium.

Fifth Synthetical Reaction.—To some hot strong solution et
carbonate of sodium (about three parts) in a test-tube or larger
vessel add acid tartrate of potassium (about four parts), till no
more effervescence occurs; when the solution is cold, crystals
of the tartrate of potassium and sodium (Potassii et Sodit Tar-
tras, U. 8. P.), the old Rochelle Salt, will be deposited—
(KXaCJ—LDﬂ,iILO). The crystals are usually halves of right
rhombic prisms.

Na, (0, + 2KHCH0; = 2RNaCH,0;, + H,0 + CO,

Carbonate Acid tartrate Tartrate of potas- ‘Water. f?a]:h{:ni(:
of sodinm. of potassium. sinm and sodiam. acid gas

FormuL®E OF TARTRATES.
T T R e et o e e L ¢, H,0,
Acid tartrate of potassiom . . . . . KH C,H,0q
Tartrate of potassium and sodium . . KNaC,H,0,4
Very close analogy will be noticed in the constitution of the mole-
cules of these salts. When the other tartrates come under notice, it
will be found they also have a similar constitution.

Hypochlorite of Sodium.

Liguor Sodee Chlorate, U.S. P, “Labbaraque's Solution,” is

made by decomposing solution of carhonate of sodium by solu-
tion of chlorinated lime; 100 parts of the carbonate, 80 of chlo-
vinated lime, and 820 of water. Sp. gr. 1.044.
9Na,00, + Call,Ca2Cl0 = 9(NaCl,NaCl0) + 2CaCO,
Carbonate Chlorinated Chlorinated Carbonate of
of sodium. lime. soda. caleium.

Todide and Bromide of Sodium.

These salts (NaI,NaBr), Sodii Iodidum and Sodii Bromidum, are
similar to the iodide and bromide of potassium in constitution, and
are prepared with the same manipulations, soda being used instead
of potash. The bromide of sodium, however, must be crystallized
from warm solutions or rhombic prisms containing water (NaBr,
2H,0) will be deposited.

Other Sodium Compounds.

Synthetical Reactions portraying the chemistry of the remaining
official compounds (namely, nitrate, sulphate, hyposulphite, borate,
arseniate, and valerianate of sodium) are deferred until the several
acidulous radicals of these salts have been described.

Phosphate of Sodium—The preparation and composition of this
salt will he most usefully studied after bone-ash, the source of it and
other phosphates, has been described. Bone-ash is phosphate of
calcium (see page 109).

The Citro-Tartrate (Sode Citro-tartras Effervescens, B.P.)is a
mixture of bicarbonate of sodium (17 parts), citric acid (6), and
tartaric acid (8), heated (to 200° or 220° I') until the particles
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agoregate to a granular condition. When required for a medicinal
use, a dose of the mixture is placed in water; escape of carbonic
acid gas ab once occurs and an effervescing lignid results. This
substance may be regarded as the official representative of the pop-
alar “ Bffervescing Citrate of Magnesia,” which will be further
noticed in connection with the salts of magnesium (page 118).

Soda powders are formed of 30 grains of bicarbonate of sodium
and 25 of tartaric acid wrapped separately in papers of different
color. When mixed with water, tartrate of sodium (Na,C,H,0;)
results, a little bicarbonate also remaining.

In the mamufacture of Carbonate of Sodium from chloride, the
source of the sodium is chloride of sodium, and of the carbonic
radieal carhonate of caleium in the form of limestone. By one
process the chloride is first converted into sulphate, the sulphate is
then roasted with coal and limestone, and the resulting black-ash
lixiviated (liwivia, from liz, lye—water impregnated with alkaline
salts ; hence liziviation, the operation of washing a mixture with
the view of dissolving out salts). The lye, evaporated to drymess,
yields erude carbonate of sodium (soda-ash). By another process the
varbonate of sodium is obtained by heating bicarbonate of sodium,
and the latter by mixing strong solutions of chloride of sodium and
bicarbonate of ammonium. “Le last-named results from the action
of earbonie acid gas (liberated on heating bicarbonate of sodium) on
carhonate of ammonium, and this again from the reaction of heated
aixture of chloride of ammonium and limestone. By either pro-
cess common salt and limestone are the prime sources respectively
of the sodium and carbonic radical in carbonate of sodium. The
process will be further described in connection with Carbonates.

Deliquescence and Efflorescence—The carbonates of sodium and
potassium, chemically closely allied, are readily distinguished phys-
1cally. Carbonate of potassinm quickly absorbs moisture from the
air and becomes damp, wet, and finally fluid—it is deliquescent (deli-
quescens, melting away). Carhonate of sodium, on the other hand,
yields some of its water of crystallization to the air, the crystals
becoming white, opaque, and pulverulent—it is effforescent (¢fflores-
cens, blossoming forth).

Analogy of Sodium Salts to Potassium Salis—Other synthetical
reactions micht be described similar to those given under Potassium,
and thus citrate, iodate, bromate, chlorate (Sodii Chlovas, U. 8. P.),
NaCl0,, manganate and permanganate of sodium, and many other
salts be formed. But enough has been stated to show how anal-
ogous sodium is chemically fo potassium. Such analogies will con-
stantly present themselves. In few departments of knowledge are
order and method more perceptible ; in few is there as much natural
la\\f: as much science, as in chemistry.

Substitution of Potassium and Sodium Salls for each other.—
Sodunln salts being cheaper than potassium salts, the former may
sometimes be economically substituted. That one is employed rather
than the other is often merely a result due to accident or fashion.
But it must be borne in mind that in some cases a potassium salt
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