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the bottle in warm water till the phosphorus melts, then inserting
the stopper (glass, not cork), and shaking the whole till cold.

Red or Amorphous Phosphorus—Ordinary phesphorus kept at a
temperature of about 450° F., in an atmosphere from which air
is excluded, becomes red, opague, insoluble in liquids in which
ordinary phosphorus is soluble, oxidizes extremely slowly, and
only ignites when heated o near 500° F. Tt is used in the
manufacture of several varieties of lucifer matches, not emitting
the poisonous, jaw-destroying fumes given by ordinary phos-
phorus. :

Quantivalence—The atom of phosphorus is quinquivalent, as seen
in the pentachloride (PCL) and oxychloride ?90130);. but it often
exhibits trivalent activity, as seen in the trichloride (PCl;) and tri-
hydride (PH,).

Phosphide of Zine, TngP, (Zinci Phosphidum, U. S. P.), occurs
as a grayish-black powder or in crystalline fragments having a
metallic lustre. It may be obtained by throwing phosphorus upon
melted zine.

Molecular Weight—Phosphorus is an exception fo the rule that
the atomic weights (in grains, grammes, ctcg of elements oceupy
similar volumes of vapor at similar temperatures, the equivalent
weight of phosphorus ESU only giving half such a volume. Hence
while the molecular weights, that is, double the atomic weights,
of oxygen (0,=32), hydrogen (H,=2), nitrogen (N, =28), ete.,
@ive a similar bulk of vapor at any given temperature, the double
atomic weight of phosphorus (P,=62) only gives half this bulk;
that is, four times the atomic weight of phosphorus must be taken
to obtain the whole bulk. It would appear therefore that the mole-
cule of phosphorus contains four atoms (P, —124). As with sul-
phur, however, phosphorus in the state ordinarily known to us may
be abnormal, and conditions yet be found in which the molecular
weight is double the atomic weight.

Phosphoric Acid.

The chief use of phosphorus in pharmacy is the formation
of Diluted Phosphoric Acid. Phosphorus is boiled with nitrie
acid and water until dissolved. The solution, evaporated to a
low bulk to remove nitrous compounds, and diluted so as to
contain 50 per cent. of acid (H,PO,), constitutes the Acidum
Phosphoricum, U. S. P., a colorless liquid of specific gravity
1.347. If the necessary appliances are at hand, an ounce or
two of this acid may be prepared by the official process as
follows: Boil together, in a retort attached to a Liebig’s con-
denser, 160 grains of phosphorus, 1000 grains of the official
nitric acid, and 1000 grains of water. When about 1 oz. of
water has distilled over, it should be returned to the retort,
and the operation repeated until the phosphorus has dis-
appeared.

PHOSPHATES.

3B, 4 20HNO, + 8H,0 = 12H,PO, + 20NO

Phos- Nitric acid. Water. Phosphoric Nitric

phorus. acid. oxide,
The liquid remaining in the retort is then transferred to a dish
(preferably of platinum), evaporated down to about half an
ounce, and, lastly, diluted with distilled water until the prod-
uct weighs 1000 grains.

One part, by weight, of the official phosphoric acid with
four of water yields Acidum Phosphoricum Dilutum, U. 8. P.
It contains 10 per cent. of H;PO,; sp. gr. 1.057.

The use of the water in the former part of this process is to mode-
rate the reaction. Strong hot nitric acid oxidizes phosphorus with
almost explosive rapidity, hence the acid must be diluted in the first
instance, and be rediluted, from time to time, to prevent its becom-
ing too strong by loss of water. Time is saved by using a strong
aeid, but in that case constant supervision is necessary in order that
water may be added, or the temperature otherwise reduced, when the
action becomes too violent. Deficiency of nitric acid must also be
avoided, or some phosphorous acid (H,PHO,) will be formed.

Markoe, also, to economize time, modifies the process by adding
for every ounce of phosphorus, four or five grains of iodine, and dr;[;
by drop, twenty-five or thirty drops of bromine. The iodine and
bromine unite with the phosphorus with a readiness or even violence
that would be explosive if not controlled by the presence of the eold
fluid—further eooled, if necessary, by immersing the vessel in cold
water. Todide of phosphorus (PT) and bromide of phosphorus
(PBr;) are at once formed. These, in the presence of water, imme-
diately yield hydriodic and hydrobromie acids (ILI, HBr) and phos-

horic acid. The nitric acid attacks the ;

ydriodic and hydrobromic acids, forming
the lower oxides of nitrogen, which escape
as gas, water, and free iodine and bromine.
The latter unite with more phosphorus, and
the reactions are repeated. This carrying
power of a little iodine or bromine, or hoth,
would perhaps be indefinitely prolonged if no
vapor of these elements or their acids escaped
with the gases. The phosphorus having dis-
appeared, excess of nitric acid is got rid of
roughly by dropping in clean rags or paper
(nitric_oxide, carbonic acid gas, and water
being formed), and the last portions by adding
oxalicacid (which even still more readily yieldtg
similar products). Evaporation to a sSyrupy
consistence finally removes all traces of iodine,
bromine, oxalic acid, and moisture. The prod-
uct is then diluted to any required extent.

: Experimental Process.—A flask, in the neck of which a funnel is
nserted, and a second funnel inverted, so that its mouth rests with-
in the mouth of the first, is an efficient and convenient arrangement
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of apparatus for this process, especially if the operation be con-
ducted slowly.

Solution of phosphoric acid evaporated to a specifie gravity of 1.850
yields a mass of prismatic crystals of H,PO,, especially if a erystal or
two be dropped into the fluid (Cooper). Further evaporated, it leaves
a residue which melts at a low red heat, yielding pyrophosphoric
acid, and, finally, metaphosphoric acid (Glacial Phosphoriec Acid).

Phosphorie acid is also easily made from amorphous phosphorus
(Mattison). Also by dissolving phosphoric anhydride in water, and
boiling with a little nitric acid to oxidize any lower acids of phos-
phorus and to cause any lower phosphoric acids to take up the
elements of water.

Prepared from bones, phosphoric acid is apt to develop fungoid
deposits (Jensen). Not more than traces of arsenicum or of sul-
phur should be present in phosphorus, the former detected by sul-
phuretted hydrogen and the latter by chloride of barium solution
after the phosphorus has been converted by nitric acid into phos-
phorie acid (U. 8. P.).

Quantivalence—The elements represented by the formula PO,
are those characteristic of phosphates. The grouping is trivalent;
hence there may exist trimetallic or normal phosphates (M7, PO,),
dimetallic acid phosphates (M/,HPO,), monometallic acid phosphates
(M/IL,PO,), and, lastly, trihydric phosphate (IL,PO,) or common
phosphorie acid. These are the ordinary phosphates or orthophos-
phates met with in nature or used in pharmacy ; the rarer pyro-

hosphates and metaphosphates, as well as the phosphites and
Eypophosphitcs, will he mentioned subsequently.

Analytical Reactions (Tests).

First Analytical Reaction—To an agueous solution of &
phosphate (e. g. Na,HPO,) add solution of sulphate of mag-
nesium with which chloride of ammonium and ammonia have
been mixed ; a white crystalline precipitate of ammonio-mag-
nesium phosphate falls (MgNH,PO,).

Chloride of ammonium is added to prevent the precipitation of
hydrate of magnesium. Arseniates, which have close analogy to
phosphates, give a precipitate of similar character with the mag-
nesinm reagent.

Second Analytical Reaction—To an aqueous solution of a
phosphate add solution of nitrate of silver; light-yellow phos-
phate of silver (Ag,PO,) is precipitated completely if the mix-
ture be neither acid nor alkaline. To a portion of the precipi-
tate add ammonia ; it dissolves. To another portion add nitric
acid ; it dissolves. By the former part of this reaction phos-
phates may be distinguished from their close allies the arseni-
ates, arseniate of silver being of a chocolate color.

Third Analytical Reaction.—~To solution (in a few drops
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of acid) of a phosphate insoluble in water (e. g. Ca,2P0,) add

the acetate of an alkali-metal (easily made by adding to soda

or ammonia in a test-tube excess of acctic acid), and then a
drop or two of solution of perchloride of iron ; yellowish-white
ferric phosphate (Fe,P0,) is precipitated, insoluble in acetic
acid. Too much of the ferric chloride must not be added, or
ferric acetate will be produced, in which ferric phosphate is to
some extent soluble.

_ To remove the whole of the phosphoric radical from the solu-
tion, add ferric chloride so long as a precipitate is produced
and boil ; ferric phosphate and oxyacetate are precipitated. :
 To obtain confirmatory evidenee of the presence of phosphate
in this precipitate, and to separate the phosphoric radical as a
pure unmixed phosphate, collect the precipitate on a filter
wash, drop some solution of ammonia on i, then su]phydratr;
of ammonium, and finally wash with water; black ferrous sul-
phide remains on the filter, while phosphate of ammonium
oceurs in the filtrate. To the filtrate add a mixture of solutions
of sulphate of magnesium and chloride of ammonium, and
well stir; ammonio-magnesian phosphate is precipita.tcd’.

_ Fourth Analytical Reaction—To diluted nitric acid add a
little phosphate of calcium (or any other phosphate), and then
solution of molybdate of ammonium, and gently heat ; a yel-
low precipitate falls. :

This precipitate contains what is termed phospho-molybdic acid
but is a compound of molybdic acid with phosphoric acid (abm.ﬁ:ﬁ(I
per cent. of H,PO,) and ammonia (nearly 7 per cent.)

Molybdate of ammonium is obtained by roasting the native
?%lpguiel_gf: rlnc_)lybdcnum (MoS,) to molybdic oxide or anhydride
o E\;JI ml)_}; :tl;iiﬁ l\ nlgg the latter in water, adding ammonia, evaporating,

Molybdates having the following formulse (M — iv
of any metal) have {f)een obtained : Mo.\fr)(r)ri;( l\III}lI()lgu-\ i‘fleiqﬁ\ﬁ?)m
IIZA{OO{.I According to Carrington, commercial molvi&ate of am.
monium is commonly the intermediate of these three salts Mol 7b-
dat,e__of s({t't‘llzm has the formula Na,MoO,, 0. e 7
. Acif‘c‘-?—lhe foregoing two reactions are useful in the analysis of
one-carth, other earthy phosphates, phosphate of iron, and all
phr_mphates insoluble in water. Only arseniates give similér a e-?uv-
ances ; but the acid solution of these may be decomposed by aéﬁ;&t}cnn
gt{tll sulphurous acid and subsequént treatment with sulphuretted
ydrogen, arsenious sulphide, As,S,, being then precipitated.

_ Other Analytical Reactions—Solutions of barium and cal-
clum salts give, with aqueous solutions of phosphates, whit
Precipitates of the respective phosphates BaHPQ,, or B , QPOG
and CaHPO,, or Ca,2P0,, all of w 7 -
the stronger acids.

z B I 43
hich are soluble in acetic and
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QUESTIONS AND EXERCISES.

562. State the source of phosphorus.

563. Give equations or (11mgmms filxp]ana.tvo

sphorus from its natural compounds. A A
phgg%i What is the composition of farmers’ “ superphosphate, and
how is it prepared ? 3

865, Efumcrute the propertle? caf}'1 ph(ilsphoru 8.

566. Mention some solvents o osphorus. :

5)67. How are the varieties of o emf Phosphorie Acid made ?k'

568. Describe the precautions necessary to be observed in making
this acid. St

569. What are the strengths of the official acids ; L

;:)E'j'U Write formulze illustrative of all classes of OIthOPh(}&:pil‘;ltt g

")""1‘ Mention the chief tests for soluble and insoluble phosp 1;?@(\.5.

!5:;'". By what reactions may phosphates be distinguished from
arseniates?

ry of the isolation of

Vanadium, V. 51.3, is a very rare elgment-! and is 111=etr‘e mﬁ?
tioned only because of its exceedingly 1ntere§t1ng 1(\3; ;}cr?mg
to nitrogen, phosphorus, and arsenicum. ])1s_co'. eg,b ]131 o
isolated by Sefstrom, and its compounds 1vnves§1gaie f;’ e;m.te
lius, it has only of late years been obtained in the free )
and fully studied by Roscoe.

i i Janadium.
Oxides of Nitrogen. \ Oxides of Vanadiur :
N,0,, N,0,, N,0;, N,0,, N,O. ‘ V.0,, V.0, V.0, Vz()f.z_,r\ 0.
Orthophosphates RJ/PO, | Orthovanadates Ri 1 8‘
Pyrcphosphates  R/P,0; ‘ Pyrovanadates Ry r\‘; );
Metaphosphates ~ R'PO, Metavanadates R'VO,

Tsomorphous Minerals.
Apatite 3(Ca32P04),CaF}2
P?mmnrphite 3(Pb,2P0,),PhCl,
Mimetesite  3(Phs2As0,),PbCl,
“Vanadinite  3(Pb;2V0,),PbCl,

BORIC ACID AND OTHER BORATES.
Formula of Boric Acid H,BO,. Molecular weight 62.

ific i i imes ter boracic

mposition of artificial boric acid, sometimes ‘tmmed L

ac;{‘ih(;segx Pli'cssed by the formula HyBO, (Acidum Bori rmm,t U f&‘“iuc): i

but at a temperature of 212° F. this body loses the elemen 9 tU i

and yields metaboric acig, (I)I)Bogilwhicilt at hl%,h:;i:fsrni?f:ﬁe“ipg% e

ic anhydride (B,0,). The latter acid exists n the JOI= 7

g?;;if (l};:mcmileg or sulg?on-f) that issue from the earth 'H(llr::(l)l;.l;hr;r

tricts of Tuscany and collects in the water of tl.lc Zcrgmla.@ R
little lakes) formed at the orifices of the steam-channels. 1
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liquid, evaporated by aid of the waste natural steam and neutralized
by carbonate of sodium, gives common borax (2NaB0,,2HBO,,9H,0),
possibly an acid metaborate of sodium with water of erystallization,
or, possibly, a metaborate of sodium with borie anhydride (2NaBO,,-
B,0,,10H,0). It oceurs “in transparent colorless erystals, sometimes
slightly etoresced, with a weak alkaline reaction ; insoluble in recti-
fied spirit, soluble in water.” Native horax, or #incal, and other
borates are also found in Thibet, in Nevada, Peru, Chili, and re-
cently in California, in the Clear Lake district. The introduction of
the natural borax from California has reduced the price to about one-
half its former amount. This borax is represented as forming large
portions of the crystalline bed of a dried-up lake. Fused borax
readily dissolves metallic oxides, as will have been already noticed
in testing for cobalt and manganese. Hence, besides its use in
medicine (Sodii Boras, U. 8. P.), it is employed as a flux in refining
and other metallurgic and ceramic operations.

Quantivalence—The borie radical is trivalent (BO,’”), the meta-
boric, univalent (BO,”). The element boron, like carbon, oceurs in
the amorphous, graphitoidal, and crystalline conditions. It is a
trivalent element (B’7”), yiclding definite salts, such as the chloride
(BCl,) and fluoride (BFy). Its atomic weight is 11.

REeacTioNs.

First Synthetical Reaction—To a hot solution of a erystal of
borax add a few drops of sulphuric acid and set aside ; on cool-
ing, erystalline scales of boric acid (H;BO,), Adcidum Boricum,

- B. P, are deposited. They may be purified by collecting on a

filter, slightly washing, drying, digesting in hot alcohol, filtering,
and setting aside; pure boric acid is deposited. The acid may also
berecrystallized from water. Fifty grains dissolved in one ounce
of rectified spirit constitute “ Solution of Boric Acid?* BIP:

Boric acid is a very weak compound. Indeed, the alkalinity of
horax is as great as if"it contained no acidulous radical. The acid
only slowly decomposes carbonates. Boric acid is said to be itself an
antiseptic, but Endemann states that in preserving foods it acts hy
converting phosphates into acid phosphates, and that the latter are
the antiseptic principles.

Second Synthetical Reaction—Mix together 1 part of borie
acid, 4 of acid tartrate of potassium, and 10 or 20 of water ;
evaporate to a syrupy comsistence, spread on plates, and set
aside for dry seales to form. The resulting substance is, in
water, far more readily soluble than either of its coustituents,
and is known as boro-tartrate of potassium or soluble cream of
tartar. The Prussian taréarus borazatus differs from the fore-
going French variety in containing 1 part of boraz to 3 of acid
tartrate of potassium.
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Analytical Reactions ( Tests).

First Analytical Reaction—Dip a piece of tdugn}eglc-giger
(paper soaked in tincture of turmeric tubers an brlenj{ s a
solution of borie acid; it is colored b!‘()“-'];‘-;‘led: as Agda.t a 19.(.‘:1.11

T 5 ay of applying this test is as follows: A 0 a8
tioilhgf 1‘11:%1}3;‘;{60; f":}\? ci'ropLs of hydrochloric ille:l; ilnnﬁm;:gl{li]li 101{{"
a slip of turmeric-paper in the liquid, then‘ 1‘611‘10\‘;(:! 213 ]\Brdrm‘;hlorig
acid by drying the paper over a flame. L-on_lqen_ll at e)m %
acid and ferric chloride produce a smnewh%t similar effect. : :

Second Analytical Reaction.—To a ‘n‘agmo_,r‘]f 0{‘ a bt-:ngltelaoQq
metaborate (borax, for exanfple) in a small dish Oi w]? i: 8 .
add a drop of sulphuric acid, and then a htt-le-a G? 10 ; ‘t‘l.ﬂmp
the mixture and set light to the spirit; the ?eiu tyl% t‘]?zed:
will be tinged of a greenish color at its edges by the volati
boric acid or borie anhydride. . j s

The liquid shonld be well stirred while 1)!11'mng.. _.l,a?ta ?‘rconl[\!?:
and some metallic c}l101'111051pl‘loihme1{1@(;11:)??15!1{;ia:;ﬁi‘;uofqoﬂt].c. o
flame test may also be applied to a little of o mIxtUre of 318 bO i

i shuric acid on a platinum wire, Glycerin may be
:s:;g isrfrglr:féesgihl‘lﬁ;l};z1'Lil<)31(e11c?d (IJ(’E}, the reaction in tlus- cagcﬂn‘il;g)f-’,
aceording to Dunstan, the formation of borate of glyc[?r)’il:- C,HB0,
water, and metaborate of sodium, the‘rnetglborate :137 g_}-celj 2
water reacting immediately to form boric acfd and glycerin. ;

Other Analytical Reactions—In solutions of bomxﬂhgﬁan)l
salts give a white precipitate of barium '1lnetab01_=tte‘,_1(r L{-(J-i\véq
soluble in acids and alkaline salts. Nitrate of si l\dCl; & iril
metaborate of silver (AgBO,) spluble in nitric acid anc i
ammonia. Chloride of calc.ium‘: if the solution is not too
lute, gives white borate of calcium.

QUESTIONS AND EXERCISES.

; : i ol
573. Tllustrate the relation of vanadium to nitrogen by formula 0
compounds of each element. L s
574, Describe the preparation ot borax. fisniad )
)if) Give the forn?ula} of boric acid, metaboric acid, and borax
576. Mention the tests for borates or metaborates.

71 pdulous
The foregoing acids and other salts _cmu’.au; the only a:-{g;;firy
j e ¢ Iy met with in_analysis or wn 07 Z
radicals that are commoni ! : i
medieal or pharmaceutical operations. There are, k;wr;,mr,f ’?fgs‘i
others which occasionally present themselves. _Hzc cu;gz_‘.g;z o
will now be shortly noticed ; they are arranged. in alphabetict
to facilitate reference.
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Anemonie Aeid—Pulsotilla, U. S. P., is the official name for the
nerbs of Anemone Pulsatilla, A. pratensis, and 4. patens. These,
together with several species of Ranunculus, on distillation with
water yield a heavy, yellow, acrid oil, which, in contact with water,
yields erystalline poisonous amemonin (C;H,,0;) and amorphous

awemonic acid (C;H,0,).

Brxzore Acio (HC,H,0,) AnD orier Benzoares.—Slowly
heat a fragment of benzoin (Gum benzoinum) (Benzoinun,
L. 3. P.) in a test-tube ; benzoic acid (Acidum Benzoicum, U. 8.
P.) rises in vapor and condenses in small, white, feathery plates
and needles; on the cool sides of the tube. If the benzoin is
first mixed with twice its weight of sand or roughly powdered
pumice-stone, and the heat very cautiously applied, the product
will be less likely to be burnt, and a larger quantity be yielded.
By repeated sublimation 10 to 15 per cent. may be obtained.

A more economical proeess is to boil the benzoin with one
fourth of its weight of lime, filter, concentrate, decompose the
solution of benzoate of caleium by hydrochloric acid, collect
the precipitated henzoic acid, press between paper, dry and
sublime in a tube or other vessel

ZHOH,0, + (a2H0 = (a2CH0, - 2H,0

Benzoic acid Hydrate of Benzoate of ‘Water.
(impure), caleium, caleium.

]
Benzoate of Hydrochloric Chloride of Benzoic acid
calcium. acid. calcium. (pure).

Ca2C;H,0, + 2HC = C(a(l, - 2HC.H.0,

There is always associated with the product a minute quantity of
a mixture of volatile oils of agreeable odor, sugoesting that of hay,
and yielding, according to Jacobsen, methylbenzoate, guaiacol (meth-
oxycatechol), catechol, acetylguaiacol, benzyl benzoate, benzophenone,
and henzoylguaiacol.

Benzoic acid is also prepared on a large scale artificially from
naphthalene, one of the crystalline by-products in the distillation of
coalfor gas. The naphthalene is oxidized by nitrie acid to naphthalia
or phthalic acid :—

Gl + 40, = H,CH0, + H.,0,

Naphthalene.  Oxygen. Phthalic acid. Oxalic acid.
The phthalic acid is neutralized by lime,'and the phthalate of calciun
heated with hydrate of calcium in a covered vessel at a temperature
of about 640°°F. for several hours. Benzoate and carbonate of cal-

cium are formed, and from the powder the benzoic acid is set free
by action of “hydrochloric acid.

20aCH0, + Ca2HO = (a2(,H,0, -+ 20aC0,

Phthalate of Hydrate of Benzoate of Carbonate of
calcium. calcium. calcium, caleium.




