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XXXVIII.—Researches on Chrom-organic Acids.

By EmiL A. WERNER, Assistant in the Chemical Laboratory, University
of Dublin.

‘WuEN oxalicacid is used to reduce potassium dichromate, two distinct
compounds can be obtained according to the conditions under which
the experiment is performed.

1st. If the oxalic acid is in large excess, and partly present as acid
potassium salt, the beautiful “blue oxalate of chromium and
potassium ” is obtained, discovered by Dr. Gregory in 1837.

2nd. If the oxalic acid used for reduction be not in very great
excess, and none of it as the potassium salt, a fine red salt will be
formed which was discovered by Crofts in 1842,

The compounds thus obtained have been generally treated as
“ double salts,” that is, as molecular compounds of chromium oxalate
with oxalate of potassium, or any of the other metals which can be
made to displace potassium in these compounds. Malaguti, however,
took a different view of their nature, and pointed out (Compt. rend.,
16, 456) that “the oxide of chromium, and probably all the oxides of
the same formula, can, in combining with certain organic acids, give
rise to compounds which, far from being salts, are veritable acids.”
Malaguti’s view seems to have attracted little attention, as it has
been almost ignored by other chemists (with the exception of Clarke
and Kebler) who have worked with these remarkable chromium-
derivatives.

My examination of these substances has led me to the conclusion
that they are salts of complex chromoxalic acids, and that other
organic acids can be more or less completely substituted for oxalic
acid in some of these compounds.

In the present paper, I propose to describe the results obtained with
salts of chromexalic acid, and primarily to show that the formula of
Gregory’s salt, KsCr(C;0,)53H,0, must be doubled.

Parr L
On certain Chromozxalates (Blue Sertes).

A quantity of Gregory’s salt was prepared according to its
discoverer’s directions, and analysed with the results stated below.
The method adopted for the analysis of this salt and of the different
compounds described, was as follows: the substance was ignited in a
platinum crucible with free access of air, the residue consisting of a

202


http://dx.doi.org/10.1039/ct8875100383
http://pubs.rsc.org/en/journals/journal/CT
http://pubs.rsc.org/en/journals/journal/CT?issueid=CT1887_51_0

Published on 01 January 1887. Downloaded by State University of New Y ork at Stony Brook on 26/10/2014 17:22:25.

View Article Online

384 WERNER : RESEARCHES ON CHROM-ORGANIC ACIDS,

mixture of potassic chromate and carbonate was dissolved in water, the
acidified solution reduced by boiling with alcohol, and the chromium
precipitated with ammonia; the potassium was estimated in the
filtrate by evaporating to dryness, igniting, and weighing as sulphate.
The oxalic radicle was estimated by boiling the aqueous solution of
the salt with a slight excess of potash until completely decomposed,
filtering from precipitated chromic hydrate, and determining the
oxalic acid in the filtrate, after acidifying with sulphuric acid, by
means of potassium permanganate.

Found.
Theory. f. IL.
Kevirvnnn, 24-02 per cent. 23-84 —
Cry.veiins 10-68 ” 11-08 11-14
(C.0s. ... 5420 5384 5399
(H.0).... 11'10 s 11-24 (by diff.) —
100-00 100-00

The formation of this salt is represented by the following
equation :—

KzCI‘zO-l + 41KHC‘504 -+ 5H20204 = KsCI’z(CgOg)ﬁ + 6002 + 7H20,
and its decomposition on ignition as—
K50r2(0204)5 + 90 - 2K20T04 + KzCOg + 11002,

which requires a residue amounting to 54 per cent. of the crystal-
lised salt; 1'424 gram ignited with free access of air left a residue
weighing 07645 gram, equal to 5369 per cent. of the original
weight.

The proof that the doubled formula used above is the correct
one is afforded by the formation of the well-defined compound
K (NH,)Cr,(C;04)6,6H,0, which is obtained by replacing one molecule
of KHC,0, by (NH)HC,O, in the equation representing the formation
of Gregory’s salt. The ammonium in this compound was determined
by distillation with soda solution, using an apparatus somewhat
similar to that described by Holmes (Chem. News, 52, 49)—

Found

r BA———

Theory. ’ I II1.
| CR 20°47 per cent. 2114 21-17
NHy...... 1-88 ” 175 1-88
Cry...v.., 1092 59 11-40 10-91
(0204)3. e 5540 5 55'61 55'40
(H;0)e.... 11-33 " 11-10 (by diff.) 11-33

100-00 100-00
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This compound crystallises in deep-blue rhombic prisms, indis-
tinguishable in appearance from Gregory’s compound, and possessing
similar properties. 07663 gram ignited left a residue weighing
0'3728 gram == 4870 per cent., consisting of chromate and car-
bonate of potassium. The decomposition is represented by the
following equation :—

2K5(NH4)CI‘2(0204)6 + 902 = 4KZCI‘O4 + chos + 2NH, +
23C0, + H,O0,

which requires a residue amounting to 4795 per cent. of the
crystalline salt.

The decomposition of these salts on ignition is given as being
characteristic, and furnishing at the same time corroborative evidence
of the formula of the particular compound.

I may mention here a salt prepared by replacing the KHC,0, by
NaHQ,0,; the resulting compound, which is exceedingly soluble in
water, and crystallises very imperfectly, has the formula

KzNﬁqCI‘g(CzO4)5,8H20,

as deduced from the following analysis :—

Found.
N

Theory. i— ]_IP
| C 824 per cent. 809 —
Nay....... . 972 » 937 —
Cr, .vvnvws 10099 ” 1137 -—
(0201)5 PP 55841 ”» 5618 5612
(H.0)g .... 1521 » 14:91 —

100-00 99-92

When ignited under the same conditions as the other salts, this
compound, unlike them, leaves a readily fusible residue : 0-6555 gram
left residue weighing 0'3162 gram, equal to 4823 per cent. The
decomposition of the salt is represented by the equation—

K2N340r2(0204)6,8H20 + 90 = 2Na-201"04 + KzCO;; + 11002
+ 8H207

which requires a residue amounting to 48°83 per cent.

The fact of chief importance connected with these salts is that
their solutions are not precipitated by calcium chloride or ammonia;
moreover, when they are treated with solutions of certain of the
heavier metals, as lead, silver, barium, &ec., they do not yield simple
oxalates by double decomposition, but salts which contain the new
metal in the place previously occupied by the alkali metal. These
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facts snggest a more intimate uwnion between the chromium and
oxalic groups, than that which is usmally supposed to exist in what
are commonly accepted as double salts; in other words, it appears
that in these compounds the group CryC.0,)s plays the part of an
acid radicle, giving rise to a complex chrom-organic acid of which
Gregory’s blue compound is the normal potassium salt, viz., potassium
chromoxalate; the acid itself being hexabasic. On this view, I
propose to represent the constitution of the salt thus:—

K-0(C,0,)-0\ 0:(C,0)0K
K-0(0:0,)0>0r—Cr{0+(C.0,)0°K.
K-0(C,0,)-0” 0-(C:0,)0'K

On referring to the literature of the subject, I found, as already
stated, that a somewhat similar hypothesis had been advanced by
Malaguti in 1843 in a letter to Dumas (Compt. rend., 16, 456) ; the
statement concerning the constitution of these compounds, which I
have given in his own words at the commencement of this paper, is,
however, disputed by Léwel (Compt. rend., 16, 862). He considers
them to be double and triple salts, as does Rees Reece (Compt. rend.,
21, 1116), who prepared a number of similar salts by double decom-
position, besides analogous compounds containing iron and alum-
ininm.

When we examine the salts containing other metals, it soon
becomes evident that the alkali metals occupy a position in these
compounds quite distinet from that of the chromium.

Hartley’s (Proc. Roy. Soc., 21, 499) calcium compound,

KCaCr(C.0,),4H.0,

termed by him ¢ potassio-calcic chromic oxalate,” was prepared
according to his directions. I experienced some difficulty at first in
obtaining this compound free from calcic oxalate, but by filtering a
hot concentrated solution into a vessel immersed in a freezing mixture,
small, but well-defined, perfectly pure crystals were obtained. After
drying by pressure, and for a short time over oil of vitriol, these gave
on analysis results agreeing with those obtained by Hartley, but his
formula must now be doubled : —

Found.
Theory. L IT.
| CHPRR 836 per cent. 871 —
Caz vovvne 856 843 868
Ors v..... 1114, 11-42 —
(C:0)s.... 5653 57:04 5688
(H,0).... 1541 1389 —

10000 99-49
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The water determination in the above analysis is low, from the fact
that it is impossible to obtain this salt free from moisture without its
parting with a small portion of water of crystallisation, which it loses
very readily over oil of vitriol.

In an experiment, with a view to prepare a further quantity of this
salt, cold moderately dilute solutions of calcium chloride and the blue
potash salt were mixed (Hartley recommends warm dilute solutions) ;
the liquid was allowed to stand for a few days in a large flask, and at
the end of that time a quantity of crystals had deposited, in tufts of
prismatic needles; these when dried were of a fine deep-blue colour,
much larger than Hartley’s salt, and entirely devoid of the beautiful
greenish lustre so characteristic of the latter. On analysis, this com-
pound gave results agreeing with the formula K,Ca,Cry(C,0,),6H.0,
differing therefore from Hartley’s salt by 2 mols. of water of crystal-
lisation :—

Found.

Theory. fI ?
Kooini 868 per cent. 914 —
Cay ...... 890 . 8:94 885
Cr, ...... 11-58 . 10-84 —
(C:0)s ... 5879 . 5868 5879
(H.O0)e.... 12:05 . 11-75

10000 99-35

The mother-liquor from these crystals furnished a quantity of
Hartley’s salt. I have since made unsuccessful attempts to obtain a
further quantity of this hexa-hydrated compound; its formation
appears to be entirely dependent on the degree of concentration of
the mixed solutions. These two calcium salts, differing from each
other in their composition by only 2 mols. H,O, possess very different
physical properties, as seen from the following table :—

1. Formula—
K;CagCry(Ce0,)6-8H0.

Minute crystalline needles
possessing a beautiful
greenish lustre.

Partially decomposed by
hot water, with separa-
tion of calcic oxalate.

2. Formula—
K,0a,0rz(C:04)¢-6H:0.

Prismatic needles,
black by reflected light,
blue by transmitted light.

Not evidently decomposed
by water.

These salts containing calcium in combination with the oxalic radicle
to the extent of over half the weight of the entire compound, are
soluble in water, yet the addition of a soluble oxalate immediately
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precipitates the calcium ; this behaviour fnrnishes, I think, a striking
proof that these compounds are mnot double salts. An attempt to
prepare a salt containing calcium only, by mixing an excess of calcium
chloride with the blue salt, was unsuccessful, no definite compound
separating from the concentrated solution. The corresponding barium
salt, which is very characteristic, is readily obtained by precipitating
the blue salt with an excess of barium chloride.

This compound crystallises in fine, long, silky needles, of a pale
greenish colour, slightly dichroic; sparingly soluble in cold, readily
soluble in hot water, a tolerably concentrated solution gelatinises on
cooling. The composition of this salt is Ba;Cr,(C;0,),8H,0 :—

Found.
~ - -
Theory. 1 1I.
Baz....... . 3462 per cent. 34-48 34-53
Cryevven... 8:70 » 847 —
(Co0y)s .... 4449 ’e 4429 —_—
(H:.O)s .... 1219 . 12-26 —
100-00 99:50

‘When ignited, this salt leaves a residue of barium chromate and
carbonate, the decomposition being—

Ba;Cr,(C;0,)s + 90 = 2BaCrO, + BaCO; + 11CO,.

Two tribaric salts, containing respectively 12 and 18 mols. of water
of crystallisation, are described by Rees Reece (Compé. rend., 21,1116),
while Clarke (Ber., 14, 36) describes one containing 7 mols. H,0, the
existence of which is doubtful, as it seems a peculiar property of all
these salts to crystallise with an even number of water molecules.

By treating the barium salt with dilute sulphuric acid, the barium
is precipitated, and a liguid is obtained possessing a deep greenish-
red colour, strongly dichroic, not precipitated by excess of ammonia,
nor by calcium chloride ; treated with potash (not in excess) it yields
the original blue salt on evaporation. This liquid in all probability
contains the acid HyCr,(C,0,)s in solution, which, however, I have not
yet succeeded in isolating, as the liquid decomposes on evaporation
even in a vacuum, with separation of oxalic acid. A similar solution
is obtained by acting on oxalic acid with a solution of chromic acid
in proportions represented by the equation—

H20r207 + 9H2020¢ = H60r2(0204)5 + 7H20 + 6002.

On attempting to throw the compound down by the addition of strong
alcohol to the aqueous solution, it was found that it mixed readily
with the latter, the compound being therefore soluble in alcohol. A
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quantity of the barium salt in fine powder was suspended in absolute
alcohol, and decomposed by the calculated quantity of sulphuric acid ;
the complete decomposition of the barium salt in presence of the
strong alcohol takes several hours, being very slow even at the boiling
point of the alecohol. The mixture was allowed to stand several days,
and the resulting deep grecenish-red aleoholic solution filtered from the
barium sulphate. On concentration, the solution refused to crystallise,
but when evaporated to dryness, it left a bright green amorphous
residue, exceedingly deliquescent, and possessing a peculiar ethereal
odour. When ignited, this compound leaves a residue of chromie
oxide, amounting to 17-48 per cent. of the original weight; for want of
material it has not yet been investigated or analysed, suffice it to say
here that it is not the acid HsCry(C.0,)s, but appears to be an ethereal
compound, as when treated with water it is decomposed with separa-
tion of a heavy oily liquid (ethylic oxalate?). I hope later on to
fully investigate this peculiar compound, and give the results in a
future communication. T have also obtained other salts of the blue
series by the addition of certain oxalates to the red series; these
include compounds containing various organic bases, as aniline, carb-
amide, &c., &c., and will be described in a future paper.

University Loboratory,

Trinity College, Dublin,
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