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Spectrophotometric Study of Cotll) - Chrome Azurol S 
Chelate 
By S. P. MUSHRAN, 0. PRAKASH and P. SANYAL 

With 5 Figures 

Summary 
The formation of a red coloured chelate between divalent cobalt and tri sodium salt 

of sulpho-dichlorohydroxy dimethyl fuchson dicarboxylic acid (CAS) with A,,, a t  450 mp 
has been reported. The composition of the chelate employing spectrophotometric method 
has been determined by the continuous variation, mole ratio and slope ratio methods. The 
chelate has a composition corresponding to  Co(CAS), and is stable between the pH range 
10.5 to  11.5. Stability constant of the chelate has been found to  be (log K = 8.00) involv- 
ing a free energy change of formation ACT" = - 11.0 K cals. 

Chrome Azurol S (colour Index No. 43 825, 3"-sulpho-2": 6" di chloro- 
3 : 3'-dimethyl-4-hydroxyfuchsone-5 : 5' dicarboxylic acid, abbreviated CAS) 
is an important member of the hydroxy tri phenyl methane group of dyes 
and has often been employed in spectrophotometric analysis. 

CAS has been used for the determination of copper (1I)I) in acid and 
ammonical solutions and for the determination of fluoride with beryllium 2, 

and aluminium3) lakes. DEY and coworkers 4, have demonstrated the use 
of CAS in the complexometric determination of palladium and thorium and 
in a recent communication, MUSHRAN and coworkers 5, have described 
the determination of micro amounts of quadrivalent vanadium with the 
reagent. I n  this communication are presented the results on the composi- 
tion and stability of a new chelate of cobalt (11) with chrome Azurol S. 
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0.00 4.0 0 : 1.0 
8.00 4.0 1 : 0.5 
4.00 4.0 1 : 1.0 
2.00 4.0 1 :  2.0 
1.33 4.0 1 : 3.0 

Oe2* oWLJ 450 500 sso 600 

Wave Length f m ~ )  -- 

Fig. 1. Absorption spectra of Co(I1) -CAS 
chelate hTature of the complex formed; 
total volume .iO ml, p H  = 11.0, 
Temp. = 25OC 
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pH 11.0. The results are represented graphically in Fig. I, from which it 
is clear that  the A,,, of the reagent is at 430 mp but for the chelate it shifts 
to  450 mp and there is a clear indication of the formation of only one com- 
plex in the system under the conditions used. 

JOB’S method of continuous variation showed the formation of a 1: 2 
chelate [cobalt (11) : CAS] a t  520 mp and pH 11.0 when the concentration 
of the interacting solutions were the same (Fig. 2a). The results shown in 
the Fig. 2b were obtained when the concentration ratios of chrome Azurol S 
t o  cobalt sulphate were 0.5 (curve A) and 2.0 (curve B). 

Fig. 2a. Determination of the  
composition of the chelate by 
JOB’S method of continuous 
variation at 520 mp; 
pH = 11.0, curve A, 
3.33 - 10-4 M; curve B, 
2.00 * 10-4 M; curve C, 
1.33.10-4 M 

Fig. 2b. Determination of the 
composition of the chelate by 
JOB’S method of continuous 
variation at 520 mp; 
pH = 11.0; curve A, 
1.00 10-4 M, CAS; curve B, 
2.00.10-4 M, css 

Results obtained from the continuous variation method were corroborated 
by the mole ratio (Fig. 3) and slope ratio (Fig. 4) methods. 

The pH stability range of the chelate was obtained by measuring the ab- 
sorbance of mixtures containing cobalt sulphate and CAS in a 1: 2 ratio 
at different pH and varying wavelengths. The chelate was found to be stable 
in the pH range 10.5-11.5. 
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Eva lua t ion  of S t ab i l i t y  Cons tan t :  For two concentrations (a1, 
b,) and (a2, b,) of the reactants having the same absorbance i.e. for the 
same value of the concentration of the complex x, for a chelate of the type 
1 : 2 ,  the equilibrium constant is given by: 

X X - K =  - 
(al - x) (b, - 2x)Z (az - x) (b, - 2 ~ ) ”  
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Fig. 3. Determination of the composition Fig. 4. Determination of the compo- 
by the mole ratio method a t  520 mp;  sition by the slope ratio method, 
pH = 11.0; Final conc. of CAS, curve A, curve A, 620 mp; curve B, 530 m p  
10.00 * M, curve B, 8.00. M (CoSO, varying); curve C, 520 my; 

curve D, 530 mp (CAS varying). 10 rnl 
excess component of 5.00. M, x ml 
of variable component (1.66.10-4M) + 
(16 -- x) ml of water 

Pig. 5. Determination of stability constant by DEY and 
coworker’s method. Curve A, CoSO, andCAS, 2.00 M; 
curve B, CoSO, and CAS, 1.33 - M 
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This gives a quadratic equation in x which can be easily solved and the 
value of the x is obtained. 

For two mixtures having the same optical density i.e. 0.2 (Fig. 5) the 
value of x was found to  be 0.0326 . 10-4 M and the stability constant was 
evaluated to be log K = 8.00, using the equation: 

X K =  
(a - x) (b - 2 ~ ) ~ '  

From the value of log K and making use of the relation AG" = - RT 
log K, the free energy change during the formation of the chelate was esti- 
mated as - 11.0K cals. 
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