
J. Indian Chem. Soc., 
Vol, L, October 1973, pp. 649-650 

Spectrophotometric Studies of Yttrium (III) Complexes with 

Solochrome Cyanine-R and Eriochrome Azurol-B. 
SUNIL P. PANDE,and KAILASH N. MUNSHI 1 

De-partment of Chemistry, Nagpur Univors1ty, Na¥mr 

.~Ianuscript received 20 July 1972; revised 14 May 1973; accepted & August 1973 

Solochrom.e Cyanine R (SCR) and Eriochrome Azurol B (ECAB) have been recouunended as 
sensitive reagents for tbe spectrophotometric deternnnation of yttrium (ill) in aqueous solution. 
The composition has been found to be 1 : 1 and 1 :2 (m.etal: reagent) for Y (illl-SCR and Y (ill)
ECAB cJ.elates respectively. The stability constants of the chelates have been determined by 
job's method and lim.iting logarithmic :method, at four different fixed values of' ionic strength. 
The value of thermodynannc stabiHty constant of the chelates have been determined to be 5.0±0.2 
for Y{ill)-SCR chelate and 9.6±0.2 for Y (ID)-ECAB chelate respectively. The e.tudy also includes 
the analytical applications of the chelates. 

SODIUM salt of o-sulphohydroxydimethyl fuch
sone dicarboxylic acid, commonly known as 
Solochrome Cyanine R (abbreviated as SCR) 

forms coloured chelates with metal ions Recently, 
Sommer and Kubanl have reported the spectro
photometric determination of beryllium, and Wille2 

has suggested SCR for the photometri(j determination 
of aluminium. 

Sodium salt of (2", 6"-diehloro-4'-hydroxy-3-3'
dimethyl fuchsone-5,5'-dicarboxylic acid), commonly 
known as Eriochrome Azurol B (abbreviated as 
ECAB) also forms coloured chelates with metal ions. 
Katsube, Vesugi and Yoe3 have reported the spectro. 
photometric determination of berylhum, copper and 
iron with ECA.B. Chugreeva and Yampol'skii4 have 
suggested a spot test for ytt~ium v;ith ECAB. 

ExperiiUental 

Spectrophotometric measurements were made with 
a Beckman model DU-2 spectrophotometer, using 
glass cells of l (llll. path length. For pH measure
ments, Beckman direct reading H-2 model pH meter 
with glass calomel electrode system was used. The 
solution of Y(III) was prepared by dissolving its 
chloride (E. Merck) in distilled water, acidified and 
estimated as usual5• .All other solutions were pre
pared by using reagentS" of analytical grade. 

Results and Discussion 

In the present com.IIluuication a detailed study of 
the nature of the ligands and the complexes formed 
~ith Y(III) have been reported. 

Th& dissociation of SCR may be given as : 

kl . l-k2 2-ka 3-k, 
H4SCR ~ H3SCR ~ H2SCR ~ HSCR ~ 

SCR4-

ln the present work (by the spectrophotometric 
method) three values of pK could be obtained. 
They are: pK1 = ....... pK2 = 4·1, pK3 = 7·1, pK4 

* = 12·5. The one -S03H group present' may be 
dissociating at lower pH value, thus, not permitting 
its determination under the present conditions of 
study. 

The dissociation of ECA~ may be given as : 

kl 1-k2 2-ka 
H,1 ECAB :;:= H 2 ECAB :;:= H ECAB ~ EC.AB3-

In t.h& present work, three values of pK obtained 
art! : 

pK1 = 3·5, pK2 = 4·6, pK3 = 11·6. 

The Y(IIl)-SCR chelate has a Amax 550 urn at 
pH 6·0±0·1 (Amaro of SCR at pH 6·0±0·1 = 530 nm), 
and Y(III)-ECAB chelate has a Amax 550 nm at 
pH 6·0±0·1 (Amaz of EC.AB at pH 6·0±0·1 = 450 urn). 
Both the chelates were studied at pH 6·0±0·,1 and 
the wavelength chosen for study was 560 nm for 
both the systems where the difference in the absorb
ance of the chelate and the reagent was appreciable. 
The Y(IIJ)-SC'R chelate has a composition I : 1 
while the Y(III)-ECAB chela-te has a composition 
1 : ~ (metal : reagent) respectively. Studies by the 
"straight-line method" of Asmus6, as modified by 
Klausen and Langmyhr7, confirm the presence of 
only the .mononuclear species. 

In the complexation reaction of Y(III) with SCR, 
the following equilibria is considered to be present 

while the complexation reaction of Y(III) with ECAB 
can be represented by the following equilibria 

649 



.r. INDIAN CH.InM. SOC., VOL. L, OCTOBER 197:l 

The values of log K of the chelates were calculated 
by two different methods: (a) Method of Foley and 
Anderson modified by Mukherji and Dey, and 
(b) Limiting logarithmic n.ethod. The experiments 
were performed at four different fixed values of ionic 
strength maintained by the addition of suitable 
quantity of sodium perchlorate solution. Tho value;; 
of log K obtained by different methods are summaris· 
ed in Table l. 

TABLE 1-VALUF.S OF STABILITY CONSTANT OJ;' THE OJ;rnLATES 

Temp.= ;no 

Ionic log K log K 
strength Y(lll)·SCR Y(III)-ECAB Method 

(/<) (l : I) (1 : &) 

0.05 4.7±0.2 9.3±0.2 (a) 
4.6±0.2 9.1±0.2 (b) 

0.10 4.4±0.2 9.2±0.2 (a) 
4.5±0.2 9.0±0.2 (b) 

0.15 4.3±0.2 8.7±0.2 (a) 
4.4±0.2 8.7±0.2 (b) 

0.20 3.9±0.~ 8.6±0.2 (a) 
4.1±0.2 8 6±0.2 (b) 

For det~rmining the value of thermodynamic 
stability constant of the chelates, a graph of average 
values of log K against v fl was plotted and the 
curves so obtained wore extrapolated to zero ionic 
strength. The values so obtained ru·e 5·0±0·2 for 
Y(lll)-SCR chelate and 9·6±0·2 for Y(III)-ECAB 
chelate respectively. 

It was found that Beer's law holds good in the 
concentration range of 0·53 to 2·85 ppm of Yttrium 
for Y(III)-SCR system, and 0·35 to 2·49 ppm of 
yt-trium for Y(III)-ECAB system. The values of 
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sensitivity and molar absorptivity for botht he che
lates are given in Table 2. 

TABLE 2-VALUES Ol' SENSITIVITY AND MoLARABXOl<PTMTY 
0>' THE 0HELATES . 

Wavelength of Study = 560 nm 

Practical Sandell Molar 
S~tem pH sensitivity sensivitivy aboorptiv1ty 

(p,gjcm2 ) (p,gfcm2 ) 

. Y(III)-SCR 6.0 0.089 0.0089 12,000 

Y(III)-ECAB 6.0 0.071 0.0071 13,830 

The effect of various anions and cations on the 
systems was also studied and the tplerance litnit in 
each case was determined. Becuause of large number 
of interferences, Solochrome Cyanine R and Erio
chrome Azurol B can be recommended as sensitive 
but :riot selective reagents for the spectrophotometric 
determination of yttrium (III) in aqueous solution. 
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