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Polarographic Study of Cd(II) and Zn(II) Complexation
with Solochrome Mordant Dyes

P. N. GUpPTA* AND ANJU RAINA

Department of Chemistry, University of Kashmir
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Present communication reports complexation behaviour of solochrome
yellow 2GS, solochrome black WDFA, solochrome fast navy 2RS and
solochrome dark blue B150 with Cd(II) and Zn(II) studied polarogra-
phically at temperatures 25°, 35° and 45°. Thermodynamic functions have
been calculated to intepret results. Aggregation is overruled by the
presence of tetramethyl ammonium perchlorate; monomeric form of dye
established, subsequently the equilibrium between metal-ligand is made
reliable and reproducible.

INTRODUCTION

Solochrome mordant dyes (mostly azo type) form an important class
of compounds due to their various analytical applications! and formation
of highly stable complexes2. Sillen and Martell® in a review on metal com-
plexes emphasized the need for determination of stability constants of
commercial dyes for better practicability. This communication reports
polarographically determined successive stability constants of Cd(I) and
Za(Il) with four commercially important dyes* viz., solochrome yellow
2GS (SY 2GS), solochrome black WDFA (SB WDFA), solochrome fast
navy 2RS (SFN 2RS) and solochrome dark blue B150 (SDB B150). Ther-
modynamic parameters evaluated by variation in temperature, favour
complex formation. Percentage distribution of complex species present in
the solution as a function of ligand concentration have been presented.

EXPERIMENTAL

The dye samples, supplied by ICI, India, were purified by repeated
recrystallization from 509 ethanol. The resulting products were desiccated
over silica gel and tested for purity by chromatography and elemental
analysis. All other chemicals used were BDH AnalaR product while
tetramethyl ammonium perchlorate (TMAP) a sigma product was used as
such. AC/DC universal polarograph OH-105 (Radelkis) was used for recor-
ding C-V curves. DME had capillary characteristics m?3t1/6 = 2,109 mg2?3
s~12 in 0.1M NaClQ, in open circuit at h = 42 cm. All potentials refer
to SCE. Measurements were made at constant temperatures 25° 4 0.1,
35° 4- 0.1 and 45° 4 0.1 by making use of ultrathermostat (NBE). pH-
meter PR 9405 was connected in series with polarising circuit in order to
note pH.
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Solutions containing 1 x 10-5 M of metal ions with varying concen-
tration of ligand(s) were placed in cell and subjected to polarographic
study. Ionic strength (u = 1.5M) was maintained by adding NaClO, and
Triton X-100 (0.005%) served as maximum suppressor. pH of solution
was adjusted at 6.0 4 0.1 by adding HCIO; or NaOH when required.
Cell solutions were deoxygenated by bubbling pre-purified nitrogen prior
to recording polarograms.

RESULTS AND DISCUSSION

Role of tetramethyl ammonium chloride and bromide® has been esta-
blished to reverse the process of aggregation® with certain azo dyes. Con-
tribution of 0.7M tetramethyl ammonium perchlorate (TMAP), instead of
suggested ones, was to maintain monomeric form of dye which was tested
from diffusion coefficient data; for instance, SY 2GS (10-5 — 10-M) in
Britton-Robinson buffer resulted in D = 11.78 X 10-6 cm? s=! while a value
close to dimer (calculated from decrease in current) at a dye concentration
of 5 x 10~ M was noticed. Addition of TMAP enhanced D which agreed
well with monomeric value.

Single well defined waves were observed for both metal ions. Diffusion
controlled reduction behaviour was established from direct proportionality
of i vs. C, i, vs. V'h and low temperature coefficient. The log plots pre-
dicted polarographic reversibility in all cases. In order to maintain accur-
acy, graphically obtained iz and Ej; values were subjected to simultaneous
refinement by applying least-squares based computer programme described
in earlier papers”3. Invariable negative shift in E;jj; and decrease in i; with
addition of ligand provided ample evidence in favour of complex formation,
plots of Ey/; vs. log C, being curves, suggested presence of more than one
complex in solution. DeFord and Hume method® of successive equilibria
was employed to evaluate overall stability constants of successively for-
med complexes. F(X) functions for various metal-ligand systems were
evaluated and plots of F(X) vs. ligand concentration resulted in B values.
Fig. 1 depicts one such plot as a representative case. Analysis of F,(X)
vs. C, showed formation of three complexes in case of Zn(II) whereas
Cd(Il) revealed variation in this regard.

Thermodynamic functions have been calculated from the following
relations :

4G = —2.303RT log B, )
48 = (AH—4G)/T 2
AH = (4.576 T, T4 log B,)/(T2—T)) 3)

4H was determined from the slope of plot between log 8, and 1/T. SY 2GS-
metal system presented in Table 1 at temperatures 25°, 35° and 45° reveals
increase in —A4G with increasing number of ligands. 4H remains constant
while 48 is constant for specific 8 e.g., B1 or B, but increases with coor-

Asian J. Chem.



P. N GUPTA AND ANJU RAINA 17

dination of more ligand molecules. Usuaily such trend!® is employed for
establishing complex formation with temperature, Table 1 infers that 4S
varies on an average between —1.85 and 4 1.23 for SY 2GS with Zn(II),
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Fig. 1 The functions, Fo[X], F1[X] and Fa[X]
plotted as functions of free ligand concentration
for the Cd—SB WDFA system

while the range is from —1.71 to —0.75 for Cd(II). SFN 2RS gave two
complexes with Cd(II); 4S value ranging from log B;, — 3.24 to log B,
—1.19 while Zn(II) yielded 4S between —1.11 to +2.23 Cal K-! mol-.
SB WDFA gave reasonable 48 variation, —1.39 to +1.11 and —2.08 to
+1.56 for Cd(II) and Zn(II) respectively. A similar behaviour was obser-
ved for complexes of SDB B150.

Percentage composition of different metal ions present in various forms
as a function of logarithm of ligand concentration in different systems
were calculated by utilizing familiar equations.

M/Cy = 1/Fo(X) “)
Mxn/CM = .Bn(x)n/Fo(x) (5)

Vol. 4, No. 1 (1992)



18

POLAROGRAPHIC STUDY OF Cd(II) AND Zn(II) COMPLEXES

Ls' 1+ y0'v ovs'p e € (97
LST+ 0v yesy 1Te € 93
pS 1+ Y0y 00S't 0€'E € ST
2884 96°¢ ey L6T i+ 8Sp €€6'Y 6€°€ T S
PUI+ 96'€ Iy 90°€ T+ 8Sb ¥26'y 0S°'€ 4 s¢
i+ 96°€ S6TY ST'E orr+ 85y 606"V 09°€ (4 ST
80— SI°E 88Y°T L't 8c'I— 19°¢ ZLUE 81T I Sy
80'z— ST'E 605°T 8L g€ 1— 19°¢ (43 92T I s
orz— 953 €26°T $8°'T Ib1— 19°€ Ter'e ve'T I ST
vidm 9s—aDuz vadm gs—{Ined

€L°0— L9V 8EP S0€ b Sh

SLO— L9'v 6EV'Y ST 14 s¢

90— L9'Y Shhp 9Z°¢ 14 ST

A 0s'S £68°S SOy €r'l— sS'y 161 88'C € (8%
€T I+ 0s's LLS’S LTY ori— sSSP PITY 66'C € S€
i+ 0s°S $98°S 0y LTUT— SS'p 00T ¥ 80°¢ € [<4
sSy1— ov'd 876°¢ oLe v I— 09°€ £PI°€E 91T r4 (<%
11— ov'y T€6°€ 6L°C 220 o 09°€ LST'E 7A4 ré <
0s'1— or'y $S6'€ 06'C L= 09°¢ €91°¢ €T T (¥4
S8 I— 8T'€ 69T s8'1 69'1— 9€°'€ £78°C $6'1 I <7
&3 8T°€ 0zL'e €6'1 Li— 9€’E €€8°C 10T I s¢
18°1— 8T'€ £°LT 0C ILi— 9¢'€ 058°C 60°C I ST

$97 AS—(IDeZ S$HT AS—UDPD
_jows ¥ [d) (;-Tous &2 _[ow ,_y[ [® _ e

G- e > 1§ - o I8 > )] d 501 G-fo A= M ['0) - G _mw ooy g Soj— - Awov

SWHLSAS HAQ INVAYONW HWOYHOOTOS-IVIEN 40 SNOLLONNA OINVNAQOWITHL
1479VL

Asian J. Chem.



19

P, N. GUPTA AND ANJU RAINA

867+ SL9 L69'L 67°S € s
L6+ SL9 L99°L vp's € S€
L6T+ SL'9 9€9°L 09°S € [¥4
€91+ 0TS 8IL'S £6°€ s8I+ Sv's 8€0°9 SI'y 4 sy
9T+ 0TS 80L'S SO v8 1+ sv's 81079 LTy 4 43
€91+ 0z's 989°S LTY s8I+ sy's 009 or'dy r4 ST
97'0— 8s'y 96b' v 60°€ S I— oL’€ SHTE €0°C I sy
LTT— 86"y 96 61°€ op'1— oLg 0LT’E €T I S€
90— 8Sy 05y 0g'E Yp-1— oL'E wuTe or'T I ST
osid 9as—(puz osid 4as—aped
XA 919 898°9 wy € (34
A 91’9 6¥8°9 98 £ (43
17c+ 919 8189 0°s € sT
181+ 1T L8L'Y 6C°€ 8I'1— 06'€ TTS'E wWe 4 Sy
08’1+ 1Ty YoL'Pp 8€°€ 01— 06°€ £26°€ 0ST r4 93
08’1+ |54 4 ShL'Y 8Y'E 61'1— 06'€ (9753 09°C 4 ST
60'T— L9V wEP L6'T €TE— rT 110 L6°0 I sy
- L9 LTEP LOE STE— Pr'e 8¢h'T 701 I s€
AN e L9 9ccy ] YT E— YT €LY'T 80°[ I ST

SUZNAS—(IDVZ

S¥z NaS—(IDPD

(‘p1uoD) 1 F19VL

Vol. 4, No. 1 (1992)



20 POLAROGRAPHIC STUDY OF Cd(II) AND Zn(II) COMPLEXES
The applicability of the above equations has been demonstrated for
Zn(II) with four ligand systems vide Fig. 2. The results obtained indicate
that for these systems, calculated n value using a set of stability constant
related satisfactorily according to equation (5) with n calculated from 8,

for the given metal-ligand system.
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Fig. 2 Distribution of complex species in the Zn-Azo dye systems

Electron donating centre in these ligands being ~-N=N- group, the

range of stability constant for electronically equivalent transition metal
ions were anticipated to be the same. The diversity observed in stability
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constant values, however, is due to substituents present in dye molecules,
The substituents alter electron density at -N=N- position and hence
bring about differences in coordinating ability. A similar behaviour was
noticed in case of diazaphenanthrene!!, ephedrine and y-ephedrine!?
complexes. The ligands were retained in molecular form (pK;=6.23-6.50
and pK,= 11.13-11.94)!3 by adjusting pH close to 6.

The equilibrium quotient expressions are described as follows:

MXm+
Mo 4 X = MX™ By = K = )
m X)5t)
M7+ 42X = MX5'+; B2= KiK; = %‘(‘;;%X—)Z

: : ’ m ; — (I'I(: ;)n )
mt L = +. = K Ky - K, = 2 \n 7
M nX St MXn N n 102 n (Mm+) (>()n
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