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DR.

As long ago as the early seventies 1 fell, (ho need of a

treatise on Chemical Reagents, and thought of compil ing

such a. work. I was I hen an assistant in Mir chemical

laboratory of the (Jovernment Agricultural Kxporiment

Stat ion at. Minister, and in my chemical work (here met wi th

constant difficulties on account, of the great variations in

the chemicals which were graded as *'(•. I \ M "pur iss , " cic.

If was my aim to fix uniform standards for such chemicals

as are used in analytical work, such standards to define

closely the decree of pur i ty of the chemicals and yet to be

possible of attainment, in practice by the manufacturer.

Not unti l ISSN, however, did my work in this direction

take the tangible form of a. book, " I)ic l*ntvjuu<j dcr (1hvun~

srhcti h't'(t(fcntic?i ituj licinlicil.'1 A second revised and

enlarged edition was published in lN'.M. In INiMi a. third

edit ion, carefully revised and sti l l further enlarged, was pub-

lished. Since tha i time a ^ood many changes have taken

place, so that my book ajcain needed revision. As I was

unable to undertake this work, Mr. 10. Merck, appreciating

the usefulness of such a. work as mine, published in MM).r)

what might be considered its up-to-date revision.

It is a, source* of gratif ication to me to see this work trans-

lated and placed before my colleagues across the sea. Such

changes and additions as (he translator has made in order

to adapt the book to their particular needs, have my approval.

h 1007.

\)u. (•. K H A U C H .



TRANSLATOR'S PMWACIC

Tin-; desire of American chemists (o rid themselves of the
misleading IITIII 4 4 C . 1 \ , M and tof>;et in its stead definite state-
ments as to the exact d(igr(v(v of purify of their reagents or
(he exact iiinil. of the impurities, impelled the American
Chemical Society, in l!)0L\ to create a. C\itmiiit.(.<k<^ on Purity
of Rea;j;eu(s. In l!M)C> I his Committee advised against the
publication of a hook, because (o us<* their own Ia.nf>;ua#e

*' until further work is done and more data. eoIIeetcMl, such
a work would he practically only a duplicate of the work of
Kranch," *

It is evident that the work of the Committee is heiu^ per-
formed with most- painstaking rare, as, at (he time of the last
report, the Committee* was working; on " perfecting a, ni(vthod
for the accurate colorimetric d(»tennina(ion of truces of iron."*
11 ir: evident, too, that if tluv collection of data re^ardin/>; other
fe-:f .*. than those for iron is pursued with thesanx* pa ins taking
<*are, the complete report of the Commit tee will not he ready
for puhlication for several vears. My <ixcus<k for pr<vsent-
in!f this translation now lies, therefore, in the hope that, until
the work of the* Committee appears, chemists will ^eneraJIy
make acceptance of their purchases conditional upon their
comiur; up to the specifications of purity prescribed '>>' ' j '^ s

transla t ion.

The additions mentioned by Hi'. Kranch, in the preface:
he has kindly consented to write for (his book, are limited to

+ ̂ rr .Journal of Ihr Afnc»rintn (-iicnu '̂nl Soeioly, Vol. XXVIII, No. «St

pj. (il and K'.\
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articles wliich arc universally used here \nit tin mil n ' m f«« In*
so in Europe, and for which sperificiitinn . muld In* inmiil
in authoritative American publication.-». Tlu-v wv <lhiri/il
Acetic Acid M)J)%, M% Arctic Ariil. HytIi««'hlMn.- \«-t.| .,i
a specific gravity of l.O.K), Nitric Arid uifh «<n«- »»! I Ju,
Phosphoric Acid with one of U)/>7, UV t Sulphunr \rj.l,
2(S% Ainnionia Water, 9a(y( Alnilutl, uu»l Ulvrnuj nt H I ::»>o
specific gravity. friuk slight <'hni»̂ tv* ul»viuu-ilv iit*n-'<:ir\ u ,
the text on account of these additions lm\»* h*'»*n r;ut*lnilv
made.



TRANSLATORS NOTE

F O R the sake of brevity, expressions throughout the book
are sometimes used without full qualification. The follow-
ing is then to be their interpretation.

Atomic Weights, Quantitative Calulations, etc., are based
on the table of International Atomic Weights for 1906
in which 0 == 16.

Specific Gravities are given at + 15°C, compared with
water at + 4°C.

Unweighable Residue or words to that effect apply to
residues weighing 0.0005 gm. or less.

Solutions of chemicals to be tested are made from 1 gm.
diluted to 20 cc. or proportionately.

Volumetric Determinations can of course be made with
other solutions than the potassium hydroxide and hydro-
chloric acid solutions generally selected, provided they be
equivalent. In such substitution, however, due regard must
be given to the suitableness of the indicator.

Nitric Acid has a specific gravity of 1.153.
Hydrochloric Acid, one of 1.124.
Ammonia Water, that of 0.96.
The Marsh Apparatus should be set up with a 200 cc.

generating flask.
The tests presuppose the use of Jena or some equally re-

sistant Glassware.



C H E M I C A L R E A G E N T S

ACETONE
(CH3)sCO. Mol. Wt. 58.04.

A clear, colorless liquid, boiling at 56 to 57° C , with a
specific gravity of 0.797.

TESTS OF PURITY

Residue on Evaporation. — 25 cc. of acetone on evaporation
should leave no weighable residue.

Acids. — Acetone should not redden blue litmus paper.
Solubility in Water. — Acetone should be miscible with an

equal volume of water, yielding a clear liquid.
Aldehydes. — On heating 10 cc. of acetone with 5 cc. of

ammoniacal silver nitrate solution for fifteen minutes on a
steam-bath, the mixture must not acquire a brown color.

Substances Oxidizable by Permanganate. — On adding one
(irop of a 1:1000 solution of potassium permanganate to
10 cc. of acetone, and maintaining a temperature of 15° C ,
the pink color should not be entirely discharged within fifteen
minutes.

Water. — On mixing equal volumes of acetone and petro-
leum benzin (boiling-point 40° to 70° C) , two layers should
not be formed.

NOTE. — Regarding the quantitative determination of acetone, see
G. Lunge, Chem.-tech. Untersuch.-Meth., 4 ed., 3, 653 "(1900). G. Kra-
mer, Ber., 13, 1000 (1880); J. Chem. Soc, 38, 826 (1880). J. Messinger,
Ber., 21, 3366 (1888); J. Chem. Soc, 56, 313 (1889). H. Strache, Mo-
natsh. Chem., 12, 524 (1891) [or Ztschr. anal. Chem., 31, 573 (1892)];
J. Chem. Soc, 62, 546 (1892). F. Robineau and G. Rollin, Ztschr. anal.
Chem., 33, 87 (1894); J. Chem. Soc, 64, II, 556 (1893).



2 CHEMICAL REAGENTS

A C I D A C E T I C
HC2H3O2. Mol. Wt. 60.03.

I

ACID ACETIC, 99.5%
A clear, colorless liquid, with a strong odor; miscible in all

proportions with water or alcohol, and containing at least
99.5 per cent of HC2H302. Specific gravity about 1.048 at
25° C. At about + 15.65° C. it solidifies.

TESTS OF PURITY

Non-volatile Matter. — 1 0 cc. of acetic acid should leave
no weighable residue on evaporation.

Hydrochloric Acid. — 5 cc. of acetic acid diluted with 50 cc.
of water should afford no turbidity on the addition of 5 cc. of
nitric acid followed by silver nitrate solution.

Sulphuric Acid. — On boiling a mixture of 10 cc. of acetic
acid and 150 cc. of water, and then adding barium chloride
solution, no precipitate of barium sulphate should form on
standing twelve hours.

Heavy Metals and Earths. —
(a) A mixture of 20 cc. of acetic acid and 100 cc. of water

should not be affected by passing through it a current
of hydrogen sulphide gas.

(b) On diluting 10 cc. of acetic acid with 100 cc. of water
and adding an excess of ammonia water, no green
color should be developed on the addition of am-
monium sulphide solution; nor should a turbidity
or precipitate form on adding ammonium oxalate
solution.

Formic and Sulphurous Acids. — 2 cc. of the acid are
supersaturated with 8 to 10 cc. of ammonia water and a
little silver nitrate solution added. No dark deposit should
occur on boiling two minutes.



CHEMICAL REAGENTS 3

Substances Reducing Permanganate. — 2 co. of the acid
arc diluted with 10 co. of water, and 0.1 ec. of decinonnal
solution of potassium permanganate added. The pink
color should not be entirely changed to brown within two
hours.

Other Empyreumatic Bodies. — No smoky odor should be
noticeable upon making 10 cc. of the acid alkaline with solu-
tion of potassium hydroxide.

Quantitative Determinations. — Dilute 10 gm. of acetic acid
with suflicient water to make 100 cc. Titrate 10 cc. of this
solution with normal potassium hydroxide solution, using
phenolphthalein as the indicator.

1 cc of normal KOII = O.OOOfW gm. I I C J I A , log. 77837.
The acetic acid content may also be ascertained from the

specific gravity, if due note be taken of the fact that the
specific gravities above 1.055.'* represent in each case two
liquids of different acetic acid content.*

II

ACID ACETIC, GLACIAL, 96%

A clear, colorless liquid with a pungent odor, solidifying
at about + 10° 0.; specific gravity 1.004, and boiling point
117 to 118° C. I t contains at least 90 per cent of IIC2H8()2.

TKSTS OK PURITY

This acid should respond to the tests for non-volatile
matter, hydrochloric acid, sulphuric acid, heavy metals, and
quantitative determinations, as described under Acid Acetic
99.5 per cent. Its strength, however, is less. The following
test also applies.

Substances Reducing Permanganate. — On adding 0.3 cc.

* Compare G. Lungo, Chom.-tccli. Untorauch.-Mofch., 4 od., 3, 681 (1900).
Also U. H. Pharmacopoeia, VIH, p. 010 (1905).
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of decinormal potassium permanganate solution to a mixture
of 5 cc. of acetic acid with 15 cc. of water, the red color
should not disappear within fifteen minutes.

I l l

ACID ACETIC, 90%

A colorless liquid having a specific gravity 1.071 and
containing at least 90 per cent of HC2H3O2.

TESTS OF PURITY

The tests to be made are those given under Acid Acetic,
Glacial, 96 per cent, observing the conditions there described.

IV

ACID ACETIC, 36%

A clear, colorless liquid, specific gravity about 1.048, and
containing about 36 per cent of HC2H3O2.

TESTS OF PURITY

The tests of purity and details of execution are the same
as those given under Acid Acetic, Glacial, 96 per cent. But
instead of 10 gm. (or cc.) of 96 per cent, use 25 gm. (or cc.)
of the 36 per cent acid.

V

ACID ACETIC, DILUTED, 30%

A colorless liquid having the specific gravity 1.041. The
liquid contains about 30 per cent of HC2H3O2.

TESTS OF PURITY

The tests to be made are those given under Acid Acetic,
Glacial, 96 per cent, observing the conditions there described.
But instead of 10 gm. of the 96 per cent, use 30 gm. of the
30 per cent.
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(ACID) ACETIC ANHYDRIDE
((!lI:,.C())a(). Mol. Wt, 102.05.

A colorless liquid of pungent odor, boiling at 137° C.
Specific gravity 1 .OS.

On pouring acetic anhydride into water, it does not at
first mix with the latter, but sinks to the bottom of the
vessel. Gradually, however, it dissolves, forming acetic acid.

TICSTS OF PURITY

Hydrochloric Acid. — 1 cc. of acetic anhydride diluted with
50 cc. of water, and acidulated with 5 cc. of nitric acid, should
give no reaction with silver nitrate solution.

Non-volatile Matter. —10 cc. of acetic anhydride should
leave no weighable residue on evaporation.

Quantitative Determination. —- Dissolve 10 gin. of acetic
anhydride in water and dilute to 100 cc. Titrate 10 cc. of
this solution with normal potassium hydroxide solution, using
phenolphthalein as indicator. It should require at least
1 {)..'{ cc. of the normal potassium hydroxide solution to
develop the pink color.

1 cc. of normal KOIT - 0.051025 gm. of (CHs-CO)aO, log.
70777.

(ACID) BORIC ANHYDRIDE

(BORON THIOXIDK; BORIC ACID, FUSED)

Ba()a. Mol. Wt. 70.0.

Brittle, vitreous, hygroscopic lumps used in silicate analy-
sis, according to Jannaseh.*

TESTS OF PURITY

Silica, Alkalies, etc. — Add 50 cc. of methyl alcohol-hydro-

* Itvjvrmcvx : P. Jarmaneh and (). Hoidenrcich, Ztschr. anorgan. Ohem.,
12, 211 (1800) [or Zfcwchr. anal. Chom., 36, 382 (1897)]; J. Chem. Soc,
10, II, f>7(J (181)0).
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chloric acid* to «r> gin. of (he powdered boric auhydriflr in n
weighed platinum dish, slir with a platinum wire until nun .
pletely dissolved, and evaporate the liquid over a small flame,
the platinum dish l>c»ing placed on wire gauze. If a m4du<*
remains, it is treated anew with 2f> ee. of the methyl aleuhul
hydrochloric acid, the liquid evaporated, nnd the d\:>\\ and
conduits gently ignited. There must remain no weighnble
residue.

ACID CARM1N1C f

Purple-brown, amorphous masses, affording a dark red
powder on trituration. Carminie acid is easily soluble in
water and in alcohol, hut is insoluble in benzene and chloro-
form. It has no constant melting point.

TKSTS OV IM'UITV

Solubility. I gm. of canninic acid dissolves completely
in 2 cc. of water. The addition of 20 ce. <4' 90 per cent,
alcohol to this solution should cause no appreciable precipi-
tation.

* Tho methyl alcohol-hydrochloric acid VA prepared l.y /nit unit ing puns
auhydrouH iticthyl nlcohol, kecpitĵ  tho toiui^nitttrr lnw,uifh t h h l
d i d h d h l i iI li f i h
auhydrouH iticthyl nlcohol, kecpitĵ  tho toiui^nitttrr lnw,uifh thorui^hly
dried hydrochloric jie.itI %nx. On HtitfttlitifC for mmm tituo, ht»\vover, thti
methyl aleohol-hydrochlorie acid lc».mv» it s original effectivrnc>(

t Itcfercmrx : K. Sclumck and \t, Marchlewnki, \Un > %11 VMlW (IHIM);
J. Ohetn. vSoeM 68, 1, 07 (IKU5). t1, Liehenuauti and il VtiMwmrM,
Ber., 30, (JSS (1H»7); .1. (1hem, Soc.f 1%, I, VJU2 {\H\M\ Her, SO, \1\\\
(1897); J. (lUoin. So<\, n, I, fiHU (IHD7). <\ taeU'nuautt. t*. Uormj?. aud
F. Wiedemann, HerM 33, \ [{) (HUM)); J. ('hem. Hoc, 78, I, :*IM rtUtMh.
J. Landau, Her., 33, 2>Ul\ (HMM)); J. Chom. Sue., 7S, I, ii(U (imHh (',
Licbormann and J. Landau, Uw\, 34, 215H (IU0U; .1, ('hem Sue, tK)» I,
545 (1901). 0. Liehermann and H. Litideuhaum, ttvr^ Ut 'JMUi (HHK,*);
J. Chom. Hoe., 82, I, 787 (1902).

Regarding the use of earminie acid an a reagent nee T. J. Bognjommv
and N. J. WaHniliefT, Pharm. (JimtrhL, 40, 120 (I8UU); M. Merck, Annual
Report (on year 1H9H).
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If the carminic acid is intended to be used as an indicator
in acidimetry, it must first be tested as to its sensitiveness,
as follows:

Dissolve 1 gm. of the carminic acid in 100 cc. of water
and add one drop of this solution to a solution of 5 gm. of
ammonium chloride in 50 cc. of water. The addition to this
latter solution of one drop of decinormal potassium hydroxide
solution should cause a change in color from yellowish-red
to violet-red.

ACID CITRIC

CaH8O7 + H2O. Mol. Wt. 210.08.

Colorless, odorless, rhombic prisms, efflorescing superficially
in warm air.

Citric acid is soluble in 0.75 part of cold and in 0.5 part of
boiling water; in 1 part of 85 per cent alcohol, and in 50
parts of ether.

TESTS OF PURITY

Oxalic and Tartaric * Acids. — On dissolving 1 gm. of citric
acid in 2 cc. of water, and adding 10 drops of a 1:2 potas-
sium acetate solution and 5 cc. of alcohol 85 per cent, no
turbidity should be produced, nor should a crystalline deposit
form within two hours.

Tartaric Acid and Sugar. — 1 gm. of citric acid and 10 cc.
of sulphuric acid are ground together in a porcelain mortar
previously rinsed with sulphuric acid. When this mixture
is then heated in a test tube for an hour in a boiling water-
bath it acquires at most a slight yellow color, but no brown
color should develop.

Sulphuric Acid. — 20 cc. of the 1:10 aqueous solution must

* Regarding the detection of tartaric acid in citric acid see Merck's
Reagentien-Verzeichnis (1903), p. 170; A. I. Cohn, Tests and Reagents
(1903), pp. 40, 51, 242.
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not be rendered turbid by the addition of barium
solution.

Calcium. — 20 cc. of the 1:10 aqueous solution m u s t
be rendered turbid by the addition of ammonium
solution.

Lead.* — A solution of 5 gm. of citric acid in 10 c c .
water, to which 12 cc. of ammonia water are added,
not acquire a dark color upon adding freshly made, s a t u r £ f t o < *
hydrogen sulphide water.

Non-volatile Matter. — 1 gm. of citric acid must l e a v e i * °
weighable residue on ignition.

Quantitative Determination. — On dissolving 1 gm. of c i t v r I < *
acid in 30 cc. of water and titrating with normal p o t a s s r u i * *•
hydroxide solution, using phenolphthalein as indicator, n o t
less than 14.2 cc. of the alkali solution should be r e q u i r e d t'<>
develop the pink color.

1 cc. of normal KOH = 0.07002 gm. of C6H8O7 + H 2 O ,
log. 84522.

ACID GALLIC

C0H2(OH)3 • (COOH) + H8O. Mol. Wt. 188.06.

Colorless or slightly yellowish needles or prisms, w h i o l i
melt and slowly decompose at 220° C. Gallic acid d i s s o l v e s
in 130 parts of cold w^ter, in 3 parts of boiling wa te r , i n
5 parts of 95 per cent alcohol, and in about 40 parts of e t l x o t * -

TESTS OF PURITY

Solubility in Water. — 1 gm. of gallic acid must d i s s o l v e s
completely in 20 cc. of water on heating. The solution m u H t
be colorless or only faintly yellowish.

Water Content. — On drying 1 gm. of gallic acid at 10O° O -

* Regarding the examination of citric acid for lead compounds w o o
M. Bucket, Ztschr. anal. Chem. 32, 465 (1893); J. Chem. Soc, 64, XX,
557 (1893).


