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CCC'XLII1.-Researches on Residual A finity and Co- 
ordination. Part X I I .  Cobaltammine and Ferric 
Lakes of Dinitrosoresominol. 

By GILBERT T. MORGAN and JOHN EWART Moss. 
IN two earlier communications (T., 1921, 119, 704; this vol., 
p. 160) on cobaltammine lakes of quinoneoxime and alizarin dyes, 
it was shown experinientally that them adjective dyes owe their 
distinctive lake-forming properties to the presence in the colour 
molecule of a t  least one uiisntnrated group (I or Ja) cnpathle of 

taking up two positions in the co-ordination complex surrounding 
tt metallic atom so that the latter becomes finally held in a hetero- 
cyclic ring. To these unsaturated radicles, which are capable of 
acting as two associating units, has been given the name of chelate 
groups because of the tenacity of tlheir grip on the implicated metsllic 
atom. 

The presence of chelnk groups in a dye imy be detected by the 
use of a cobaltammine reagent consisting of an ammoniacal solution 
of hydroxopentammincacobdtic chloride, [HO C o  (NH,) ,]Cl,. If the 
dye contains one chelate group, three of these unsaturated radicles 
combine with one atom of tervalent cobalt, satisfying completely 
its principal and supplementary valencies so that the metallic atom 
loses completely its capacity for combining with ammonia. This 
central cobalt atom, which is then said to be completely chelated, 
has become implicated in three heterocylic rings, one arising from 
each of the three chelate groups. 
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2858 MORGAN AND MOSS: RESEARCHES ON 

Meanwhile, the cobaltammine reagent combines with any othcr 
acidic groups present in the dye to give a pentamminocobaltic 
salt, so that if the resulting complex lake contains n atoms of 
cobalt and m molecules of ammonia the relationship between tlzcsc 
constituents is expressed by equation (i) . . . m = 5(n - 1). 

If there are two or more lake-forming chelate groups present in 
the dye, the relationship becomes somewhat more complicated, 
because, owing to spatial arrangement, the second chelate group 
can only co-ordinate once with a tervalent cobalt atom, the latter 
retaining the power of association mit,h four molecules of ammonia. 
The equation for a polychelate dye thus becomes 

i i . .  . m = 5  [ n-- c;"l. 
where c is the number of chelate groups. Several examples of 
dichelate mordant dyes have been observed in the alizarin series 

These considerations have now been applied to the case of 
dinitrosoresorcinol or 1 : 2 : 3 : 4-benzodiquinone-1 : 3-dioxime (11) 
with the object of ascertaining the nature of the metallic lakes 
derived from this quinoneoxime dye, or, in other words, of finding 
out whether the colouring matter is a monochelate or a dichelate 
dye. Dinitrosoresorcinol, when precipitated on iron mordants, 

(bc. cit.).  

gives rise to  fast green lakes, variously designated as resorcinol 
green, chlorin, resorcin green, Alsace green, fast myrtle green, et,c. 
With chromium mordants, it furnishes fast brown lakes. These 
shades of colour resemble closely those derived from the 1 : Z-naphtha- 
quinonemonoximes (Gambine or nitrosonaphthol dyes) which have 
been shown definitely to  be monochelate dyes (Zoc. cit.).  

The foregoing consecutive formula I1 assigned to  dinitroso- 
resorcinol has not hitherto been demonstrated by direct proof, 
but nevertheless this constitution is rendered very probable by the 
analogies drawn from the behaviour of homologues of resorcinol 
towards nitrous acid. p-Orcinol [ZCH, : 20H = 1 : 4 : 3 : 51, in 
which one methyl group occupies the position contiguous to  the 
two hydroxyl radicles, yields only a mononitroso-derivative even 
with excess of nitrous acid, whereas orcinol [CH, : 2013 = I : 3 : 51 
and its isomeride, cresorcinol [CH, : 20H = 1 : 2 : 41, readily furnish 
dinitroso-compounds even with a deficiency of nitrous acid, and in 
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the latter instance one of the nitroso-groups must enter the position 
contiguous to the two hydroxyl radicles (Kostanecki, Ber., 1887, 
20, 3133). The consecutive formula for dinitrosoresorcinol suggests 
a possibility that this substance may behave towards metallio 
mordants as 8 dichelate dye, in which contingency the cobalt- 
ammine lake should have a composition determined by the second 
of the foregoing equations. Putting c and n each equal to 2, the 
number, m, of ammonia molecules should be four. Experiment 
shows, however, that the dicobaltic lake contains not four but 
five molecular proportions of ammonia in accordance with equa- 
tion i. Hence it follows that dinitrosoresorcinol, although a 
dioxime, behaves as a monochelate dye, thus falling into line 
with the nitrosonaphthol or 1 : 2-naphthaquinonemonoxime colour- 
ing matters. The simplest explanation of this behaviour is that 
the median isonitroso- and carbonyl radicles form the two limbs of 
the chelate group, leaving to  the terminal isonitroso-radicle the 
simpler function of salt-formation. On this hypothesis, the con- 
stitution to  be assigned to  the cobaltammine lake is as shown in 
formula 111. 

r 1 

1 (111.) 
L 

This view of the constitution of the cobaltammine lake is confirmed 
by evidence derived from a study of the iron lakes of dinitroso- 
resorcinol. 

The iron lakes of quinoneoxime dyes are almost invariably cited 
as ferrous compounds in the technical literature of colouring 
matters. There is, however, no analytical justification for this 
fallacious formulation, which has been advocated probably owing 
to two circumstances : first, these lakes are often produced either 
on the textile fibres or in bulk from ferrous compounds, and, 
secondly, the deep green colour of the lakes suggests a misleading 
analogy with the similar although much paler tints of many 
ferrous salts. 

The green quinoneoxime iron lakes can be produced from either 
ferric or ferrous salts, but in the latter instance lake formation is 
accompanied by oxidation. The product contains ferric iron in 
both cases and the intense green colour is characteristic of the 
heterocyclic complex in which the tervalent iron atom has now 
become implicated. 
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When dinitrosoresorcinol and ferrous sulphate interact in preseiicc 
of ammonia under ordinary atmospheric conditions, a deep green 
lake is obtained. This product contains no ferrous iron, but has 
the composition of a basic ferric compound derived from a 
monochelate mordant dye (IV). 

r 1 

L -I 

The formation of this basic ferric lake agrees with the analytical 
data obtained by 0. Hoffmann in a study of the iron lakes of 
2-nitroso-cc-naphthol-4-sulphonic acid (Naphthol Green G), where 
ferrous salts gave lakes corresponding with a basic ferric constitu- 
tion (Ber., 1891, 24, 3741). This investigator noticed that by 
repeated crystallisation the basic lakes furnished the normal ferric 
lake, a product which was obtained more directly by the use of n 
ferric salt. 

The interaction of ferric alum and dinitrosoresorcinol in prcsence 
of ammonia leads similarly to  the normal ferric lake containing one 
atomic proportion of iron combined with three molecular pro- 
portions of the monoammonium salt of the bcnzodiquinonedioxime 
radicle (V). [ Q;yGFE] (V. 1 

The Composition and properties of the cobaltammine and ferric 
lakes of dinitrosoresorcinol furnish corroborative evidence in 
support of the view that this dye contains one chelate group and 
one salt-forming radicle as symbolised in the foregoing constitu- 
tional formulax 

Accordingly, our practical results substantiate the consecutive 
formula for dinitrosoresorcinol (11) inasmuch as this configuration 
shows distinctly that the two isonitroso-radicles differ fundamentally 
in function. The median isonitroso-group alone is involved in the 
chelating complex, whereas the terminal isonitroso-group situated 
in the para-position with respect to the remaining carbonyl group 
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behaves merely as an acidic radicle. A symiiietrical form ulation 
(1 : 2 : 4 : 5) for dinitrosoresorcinol suggests on the contrary that 
both isonitroso-groups have similar functions, thus lending to cz 
dichelate dye. This supposition is entirely opposed to  idle 
experimental evidence, 

E x P E R I  M E N T A L. 

Dinitrosoresorcinol was prepared by the mzthocl outlined in 
Cain and Thorpe’s “Synthetic Dyestuffs,” ed. 1913, page 253, 
and dried on porous plate over sulphuric acid under reduced 
pressure. The product then contained onc molecule of water 
(Found : N = 15.08, 15.20. C,H,O,N,,€I,O requires N = 15.04 
per cent.) (compare Fitz, Ber., 1875, 8, 631; Kostanecki, Ber., 
1859, 22, 1345; Billow and Deiglmayr, Ber., 1904, 37, 1794). A 
difficulty arose in estimating ammonia in the complex cobalt- 
ammine lakes of dinitrosoresorcinol owing to the fact that the 
colouring matter itself evolved ammonia on heating with 5N-sodium 
hydroxide. The amount set free varied with the time of distil- 
lation; in three and a half hours, about one-sixth of the nitrogen 
present had been eliminated as ammonia and after thirteen and a 
half hours the proportion of nitrogen eliminated was roughly about 
one-fourth of the whole; there was no definite end-poink. During 
this distillation, an unmistakably persistent odour of hydrogen 
cyanide was noticed, and this acid was identified in the distillate 
as silver cyanide. The exact nature of the decomposition was notl 
ascertained owing to the tarry nature of the non-volatile product. 

1 -PPntarnrninocobaltic 3-Cobaltic 1 : 3 : 3 : 4 - B ~ , ~ ~ z o d i q u i n o ~ l  ; 3- 
dioximate (Forniuls 111). 

Dinitrosoresorcinol (5.6 grams) was added to  72 C . C .  of 5 N -  
ammonia, diluted with 30 C.C. of water, when a slight brownish- 
green precipitate was formed, which was dissolved by the further 
addition of 5 C.C. of 5N-ammonia. This solution of the diammonium 
salt of dinitrosoresorcinol mas mixed with cobaltanimine reagent, 
prepared by adding 2 C.C. of 5A7-hydrogcn peroxide to 20 C.C. of 
2N-cobalt chloride diluted with 40 C.C. of 5A7-ammonin. The 
resulting mixture, containing a chocolate-brown precipitate, was 
heated a t  75” for fifteen minutes and cooled to 0”. The insoluble 
product, after washing with cold water, was dried over sod a -1’ ime 
in presence of solid ammonium carbonate for three days under 
10 mm. pressure [Found : Co = 15-76, 15.83; N = 20.93. 
(CG€I,O,N,,H,O),Co,(NH,), requires Co = 15.61 ; M = 20.38 per 
cent.]. 

The trihydrate was now dried over quicklime for three days under 
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10 mm. presshre [Found : Co = 16.33, 1644; NH, = 11.72, 
11.33; N = 22.12; another dehydrated preparation gave Co = 
16.95, 16-81 ; N = 21.31, 21-40. (C,H,O,N,),Co,(NH,), requires 
Co = 16.81 ; NH, = 12-13; N = 21.95 per cent.]. 

The anhydrous cobaltammine lake was a chocolate- brown, 
amorphous powder insoluble in water and the ordinary organic 
media; it evolved ammonia on heating and was decomposed by 
warm 5N-sodium hydroxide. The co-ordinated ammonia was 
estimated by distillation during one and three-quarters to  two hours 
with aqueous borax (0.3 to  3 per cent.); the total nitrogen was 
determined by Kjeldahl's method after preliminary reduction with 
sodium hydrosulphite; equal weights (0.3 gram) of this reducing 
agent and the cobaltammine lake were digested a t  100" with 6 C.C. 
of 2N-sulphuric acid. The mixture was then heated with 5 to  
10 C.C. of concentrated sulphuric acid and a globule of mercury. 
Owing to  the explosive nature of the cobaltammine lake, the metal 
present was estimated as anhydrous sulphate after a preliminary 
digestion a t  100" with 227-sulphuric acid followed by strong heating 
with concentrated acid, any separated carbon being oxidised by 
ammonium nitrate. With cold concentrated hydrochloric, nitric, 
or sulphuric acid, the anhydrous cobaltammine lake developed a 
reddish-brown coloration, becoming orange on dilution. 

A partly chelsted lake was obtained by adding slowly a solution 
of 5% grams of dinitrosoresorcinol in 110 C.C. of 15N-ammonia to 
20 C.C. of 2N-cobaltic chloride, dissolved in 55 C.C. of 5N-ammonia 
and 4 C.C. of hydrogen peroxide. A brown, gelatinous precipitate 
was formed, and after adding 15 C.C. of 15N-ammonia the mixture 
was heated at 60". The insoluble product, washed successively 
with water, alcohol, and ether, was dried for four days over soda- 
lime under 10 rnm. pressure in presence of ammonium carbonate 
[Pound : Co == 15.10, 14-89; N = 21-94, 22-63. 

requires Co = 14.90; N = 93-05 per cent.]. 
(C,H,O,N,,H,O),Co,(NH,)7 

P e r r i c  A m m o n i u m  L a k e s  of D i n i t r o s o -  
r e s  o r c i n o  1. 

1-Ammonium 3-Hydroxoferric 1 : 2 : 3 : 4- 
Eenaodipuinone- 1 : 3-dioximte (Formula IV). 

Ferrous ammonium sulphate (7.S2 grams), dissolved in the least 
amount of water, was added to  500 C.C. of water and 30 C.C. of 
1 SN-ammonia containing 13 grams of dissolved dinitrosoresorcinol, 
when an intense green coloration was produced. The solution 
mas concentrated on the water-bath to  350 C.C. and cooled. The 
precipitated lake, after washing with 5N-ammonin, was dried for 

1. Basic Herric Lake : 
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four days in a vacuum desiccator over soda-lime [Found : C == 33.07, 
33.12 ; H = 3.45, 3.36 ; N = 19.05 (Kjeldahl), 19.60 (Dumas) ; 
Fe = 12.87, 12.92. (C,H204N,,NH,),Pe*OH requires C = 32.74; 
H = 2-97 ; N = 19.04 ; Fe = 12-65 per cent.]. 

The basic ferric ammonium lake of dinitrosoresorcinol was a, 
black amorphous powder dissolving in water to  a dark green 
solution; its solubility decreased considerably on drying and it 
dissolved sparihgly in alcohol or pyridine; it was insoluble in other 
organic media, but dissolved readily in aqueous sodium hydroxide 
or 18N-ammonia. With concentrated nitric or sulphuric acid, 
this lake developed a reddish- brown coloration, becoming orange 
on dilution. On boiling with concentrated hydrochloric acid to  
remove dinitrosoresorcinol, the filtrate on dilution gave all the 
reactions for ferric iron and showed no indication of the ferrous 
condition. The foregoing results proved conclusively that the 
lake produced from dinitrosoresorcinol and a ferrous salt in am- 
moniacal solution exposed to air was entirely a basic ferric compound. 

2. Normal Ferric Lake : I-Ammonium 3-Ferric I : 2 : 3 : 4-Benxo- 
dipinone-1 : 3-dioximate (Forniula V). 

Ferric alum (9.6 grams), dissolved in 100 C.C. of cold water, was 
added to a solution of 11.2 grams of dinitrosoresorcinol in 450 C.C. of 
water and 26 C.C. of 15N-ammonia. The solution was concentrated 
in three different experiments to 300,400, and 500 C.C. of liquid, the 
yields of green lake being, respectively, 6.9, 8, and 1.4 grams. The 
precipitates were washed successively with alcohol and ether and 
dried for five days over concentrated sulphuric acid under 10 mm. 
pressure [Found : Fe = 9.92, 10.39, 10.44; N = 20.73, 20.11, 
20-42. (C,H204N2,NH,),Fe requires Fe = 9.17; N = 20.71 per 
cent.]. These results agree best with the composition of a normal 
ferric lake. The product is a bluish-black powder soluble in water 
or pyridine to a dark green solution, but insoluble in neutral 
ordinary organic media. 

Inasmuch as pyridine was one of the few organic solvents in which 
dinitrosoresorcinol dissolved, an attempt was made to  obtain a 
crystalline ferric pyridine lake. Anhydrous ferric chloride (1.5 
grams, 1 mol.), dissolved in 7 grains of pyridine, was added to a 
solution of 5.35 grams (3 mols.) of dinitrosoresorcinol in 20 grams 
of the same solvent. Heat was evolved and a dark green color- 
ation developed, but there was no precipitate until 40 C.C. of absolute 
alcohol were added, when a dark grccn substance was deposited, 
which, after washing with alcohol and drying over quicklime in a 
vacuum desiccator, weighed 3.3 grams. The compound gave a 
distinct iodoform test for alcohol (Found : C = 43-57; H =r 4.44; 
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N (Dumas) = I1*00, N (Rjeldahl) I= 11-41 ; Ye = i.62. These 
tlnalyticnl data indicatc a basic ferric pyridine latice, 

.( C,IP,N*NO:C,H,02:N0,',Pe*OH,4C21-T,0, 
requiring C -1 48.18; H = 5-50; N = 11.19; Fe == 7.44; or 
[(C,H,*N-ON:C,H,0,:NO}2Fe]20,SC,H,0, requiring C = 48-75 ; 
H = 6-43; N = 11.32; Fe = 7.52 per cent. It was, however, 
impossible to ascertain precisely by analysis tlie degree of hydration. 
This ferric pyridine lake was sparingly soluble in water, alcohol, 
or ether, but dissolved readily in pyridine to a deep green solution. 

Cobaltammine Salts of Colour-producing Intermediates. 
I n  connexion with an investigation still in progress on synthetic 

mordant azo-dyes, it became of interest to examine the behaviour 
of the generators of these colouring matters towards the cobalt- 
ammine reagent, especially when it was found that complete 
chelation of the cobaltic complex took place less readily in the 
benzene than in the naphthalene series. 

8-Amino- a-naphthol-3 : 6-disulphonic acid (H acid) yields a 
cobaltammine salt (VI) containing a threefcld chclated complex, 
whereas 2-arninophenol-4-sulphonic acid gives only a partly chelatecl 
compound even at 75", and repeated attempts up to  100" have 
failed to produce more than twofold chelation (forinula VII). The 
case of anthranilic acid is even more exceptional. The cobalt- 
ainmine reagent gives an insoluble cobaltous anthranilate, which 
is aJso formed more simply with ammoniacal cobalt chloride in tJhe 
absence of hydrogen peroxide. The determining factor in this 
reaction is in all probability the sparing solubility of cobaltous 
anthranilate, this salt being removed from the sphere of action 
before oxidation can occur. The cobalt atom, which exhibits its 
lower valency, has also tlie lower co-ordination number of 4 as 
in the cobaltous a-oximinoketones recently described by Ponzio 
(G'axxetla, 1922, 52, i, 385). 

3 : G-Di~cntumminocobaltic 1-Cohnltic 8-Amino-1 -o.rpcxp?ifhn/~ne-3 : 6- 
disalphonate (Formula VI). 

--- -t 

A specially purified specimen of the monosodium salt of H acid, 
obtained from Dr. de Mouilpied of the British Dyestuffs Corpor- 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
22

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

R
ea

di
ng

 o
n 

25
/1

2/
20

17
 1

6:
46

:4
9.

 
View Article Online

http://dx.doi.org/10.1039/ct9222102857


RESIDUAL AFFINITY AND CO-OR.DINATION. PART XII. 2865 

ation, gave Ns = 6-08, 6.12; S = 17-91, 17.32 per cent., these 
numbers corresponding with the acid sodium salt with 1 !&J) 
(compare Dressel and Kotlhe, Eer., 1894, 27, 2137). 

One-third of the cobaltanimine reagent from 30 C.C. of 2N-cobalt 
chloride, 45 C.C. of 5N-ammonia, and 6 c.c of 5N-hydrogen peroxide 
was added to  a solution of 10-S grams of this acid sodium salt 
dissolved in S C.C. of 15N-amnionia and 10 C.C. of water, and after 
ha t ing  a t  100" the mixture was allowed to  cool. Following thc 
addition of the remaining two-thirds of cobaltaminine reagent, the 
dark brown, viscid liquid mas heated a t  60°, the cobakainminc 
compound being subsequently precipitated by the addition of 
150 C.C. of absolute alcohol. The chocolate-brown product after 
washing with alcohol and ether was dried for a week over soda- 
lime [Found : Co = 13-45; NH, = 13.60; N = 14.0; S = 13.35. 
(C,,H,ONH,*S,B,),CO,(~TH~)~~ requires Co = 13.63 ; NH, = 13-13 ; 
N = 14.05; S = 14.84 per cent.]. The cobaltammine compound 
of H acid dissolved in water to a reddish-brown solution, changing 
to carmine on adding caustic alkali or to yellow on acidifying. It 
was insoluble in organic media, evolved ammonia on heating, and 
developed a heliotrope coloration, changing to  carmine, with con- 
centtrated sdphuric acid. 

Cobaltamrnine Salt of 2-,4?~2ii.lophenol-4-sul~ho~~~~ Acid, 

(VII.) 

L 

A solution of 11.5 grams of 2-aminophenol-4-sulphonic acid in 
30 C.C. of 15N-ammonia and 50 C.C. of water was added to  sufficient 
cobaltammine reagent (see preceding preparation) to furnish 
sufficient coba.lt for a dicobaltic salt. The purplish-brown liquid 
was heated at B O O ,  cooled, treated with 30 C.C. of alcohol, filtered, 
and diluted with 260 C.C. of alcohol. The brown precipitate after 
washing with alcohol and ether was dried for a week over soda- 
lime under 10 mm. pressure : found Co = 13.75; NH, = 13.66. 
This preparation, redissolved in dilute ammonia and heated again 
at 60°, gave, after similar treatment, Co = 13.52; NEI, = 14.00. 
Another specimen, after heating at 75", gave Co = 14-54; NH, = 
13-62. These analyses givc the ratio, Co atoms : NH, molecules 
= 2 : 7, corresponding with thc partially chelated compound 
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(C,H,0MH,*S0,*I&.0),Co2(NH3) ,, which requires Co = 13.82 ; 
NH, = 13.96 per cent. 

To 8.2 grams of anthranilic acid (3 mols.), dissolved in 15 C.C. 
of tiN-ammonia, was addcd the following cobaltamniine rcagcnt 
(1 mol.) : 20 C.C. o€ 3N-cobaltous chloride, 22 C.C. of lON-ammonia, 
and 4 C.C. of 6N-hydrogen peroxide. On warming a t  80°, the 
solution yielded a dark brown precipitate which assumed a Light 
grcy colour after mashing with alcohol and ether [Found : Co = 
17.45; N = 9.40. (C,II6O,N),Co requires Co = 17.77 ; N = 8.45 
per cent.]. The product contained 1.62 per cent. of ammonia. 
The preparation was repeated with two molecular proportions of 
anthranilic acid ; the grey product contained Co = 17.47 ; N = 8-70 ; 
and only 0.83 per cent. of ammonia. 

These results showed that the foregoing product was essentially 
cobaltous anthranilate, and not a cobaltahmine salt. The pre- 
paration was now modified by using ammoniacal cobaltous chloride 
(1 rnol.) to two molecular proportions of anthranilic acid but no 
hydrogen peroxide. The cobaltous anthranilate, an amorphous, 
grey powder insoluble in water and the ordinary organic media, 
gave Co -- 17.60; N = 9.10; and only 0.68 per cent. of ammonia. 
Anthranilic acid, melting at  141", was set free either by hydro- 
chloric acid or on prolonged digestion with boiling water. 

The authors desire to express their thanks to the Advisory 
Council of the Department of Scientific and Industrial Research 
for grants which have partly defrayed the expenses of this 
investigation. 

CHEMICAL DEPARTMENT, 
UNIVERSITY OB BIRMINGHAM, 

EDGBAYTON. [Received, November 7th, 1922.1 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
22

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

R
ea

di
ng

 o
n 

25
/1

2/
20

17
 1

6:
46

:4
9.

 
View Article Online

http://dx.doi.org/10.1039/ct9222102857



