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ABSTRACT

The Cd(ll)-pysidine system has been studied in (7) O, 10, 20, 40, 50 and 70% (v/v)
methanol-water mixtures and (s) in 20% (v/v) DMF-water mixeure. The coordination
number (p) calculated from the slopes of the plot of (=Eyn). 7s log . gave three segments
which showed the existence of 1:1, 1:2 and 1:3 complex species. The value of p increased
with the increase in concentration of the ligand. The method of DeFord and Hume was
adopted for the calculations of the formation constants.

It was observed that (2) three complex species are formed in all the solvent mixtures
and (#) the log B wvalues remain nearly constant with the increase in the percentage of
methanol from 10 to 70%. The experimentaily determined log B values were utilised two
undesstand the chemical specificity of the solvent mixtures.

INTRODUCTION

HE stability constants of metal complexes of

pyridine have been the subject of study by
many workers. Metal ions such as copper!, zinc2-6,
cobalté9, nickel6-810-12 and palladium!3 were
investigated by some workers to examine their
interactions with pyridine in aqueous as well as in
non-aqueous media using different electrolytes.
Cd(Il)-pyridine system has been investigated in
aqueous* 41415 in  DMF-water mixturesl®, in
50% (v/v) ethanol-water mixture® and in ethylene
glycol mediumli?,

Despite the fact that the Cd (II)-pyridine system
was investigated in certain non-aqueous media, a
systematic study covering a wide range of solvent
mixtures 1s still lacking. Such a study will help
us to understand the nature of binding between the
metal ton and pyridine. This work was, therefore,
undertaken to investigate this aspect.

EXPERIMENTAL

Cambridge Pen Recording type polarograph with
the necessary accessories was used for the measure-
ment of half-wave potentials and the diffusion
currents. All potentials were measured against the
S.CE. The capillary electrode uscd had the
following characteristics :

t=13'0sec in 0:5M KC! (open circuit)

m =221 mg sec! and mb33 = 1-56 mgtscc,~}

Decameter DK 03 suppbed by Wissenschafthch-
Technische Werkstatten GmbH, Weilheim/obb-
Germany was used for the measurement of diclectric
constants of the different solvent miatures,

Cadmium (BDH, AnalaR) was used as its
nitrate, Methanol (AnalaR) was purified by the
method of Lund and Bjerrum'®, N, N-Dimethyl-
formamide (L.R. Merck) was puorifiecd as  dess
cribed by Wiawzoneh ¢t «l19, The mercury was
purificd by treatment with dilute nitric  acid,

degreased with 01 N sodium hydroxide solution
and then distilled thrice,  Potassium nitrate
(AnalaR, BDH) was used without any further
purification. The measurements were taken in an
airconditioned room where the temperature was
maintained at 25 =+ 0-5° C,

All the solutions contained 1 mM cadmum nitrate
and ¢-0049% Triton X-100 as a maximunt suppressor.
The concentration of pyridine varied from 0-103 M
to 2-131 M and the i1onic strength was maintained
at 0-1 M by the addition of an appropriate amount
of 2-0 M potasstum nitrate solution, Dissolved
oxygen was removed by bubbling purified nitrogen.

RESULTS AND DISCUSSION

Though negligibly small, the iR drop corrections
were taken into account and the values of -E
were modified. These values along with the ligana
concentrations are listed :in Table 1. The half-
wave potentials were obtained from the log plots.
The diffusion currents, id, were corrected for the
residual current, The shift in half-wave potentials
of cadmmum (1) towards more negative values i
the presence of pyridine in agqueous as well as in
non-aqueous media indicated complexn formation
between cadmium (I1) aand pyridine,

The slopes value of the straight lines of the log
plots were in the range of 30 to 34 mV indicating that
the reduction of cadmium (11) ion i the absence
and in the presence of pyridine s reversible and
involves two clectrons, This wus found to be true
in every methanol-water and DMF-water mixtures.
The reduction could be represented us :

Cd++ 4+ 2 & + Hg ~Cd (Hp.

The values of (-F,;), were plotted against log
C, for all sets of eaperiments (Fig. 1) where U
is the molar concentration of the hgund. The
retationships were not lincar bul were repreésented
by smooth curves with three dishinctl segments.
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TARLE 1

Analvsis of — E y Of Cd(ll)-pyridine in methanol- water mixtures and 20% DMF-water muixture

“pYm 0% 10% 20% 40%, 50% 70% 20%, DMF
0-000 0-580 0-580 0-578 0-576 0-572 0-570 0-586
0-103 0-5938 0597 0-595 0-595 0590 G585 0-600
0-208 0-607 0607 0- 608 0-604 0 601 0-596 0-614

0-309 C-617 0-615 D-615 0-610 0-609 0-602 0-621
0-412 0- 622 0 622 ¢ 620 0-618 0-614 0-607 0-628
0-515 0-627 0-626 0-626 0:623 0-622 D 612 0-603
0-618 0-634 0-631] 0-630 0-628 0-627 0-616 -_—

0-824 0-642 0-640 0-640 0-635 0-632 0-625 0-644
0927 0644 0-643 0-643 0-637 0635 0-628 0 646

1:030 — 0- 645 0-645 0-646 0-638 0-630 0-649
1-133 0 650 0-648 0-647 0-644 0- 640 0-633 06351

1-236 0-653 0-650 0 650 0-648 0-643 0:635 0652
1-442 0-65% 0-655 0-656 0-652 0-646 0-639 0-656
1545 (- 658 0-659 0- 658 0-655 0-648 0-642 0-659
1-648 0 660 — 0-660 0-657 0- 650 0-645 0-661
1-854 0 665 0-663 0- 663 0-660 _— 0- 648 0664

1- 880 — — —— —_ 0656 0650 —

2:061 0668 0-666 — — — — —_—

2-131 — — — — 0-6460 — —

The coordination numbers (p) calcutated from the The method of DeFord and Hume20 was
slopes of these segments were about 1,2 and 3 adopted for the calculations of the formation
which showed the existence of 1:1, 1:2 and constants. The formation constants were obtained

1 :3 complex species respectively., The value of
p increased with the increase in concentration of
the ligand.

68p
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Fic. 1. Plots of ~E vs log C in various methanol-
water mixtures : 0% methanol (1), 10% methanol
(2), 200, methanol (3), 409 methanol (4), 50%
methano! (5), 709% methanol (6) and 209
DMF (7).

by plotting the Fj(L) functions against the ligand
concentrations and extrapolating the respective
curves to zero concentration of the ligand for the
system 1n aqueous medium (Fig. 2). Similar plots
have been obtained in the other cases.
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Fic. 2. Plots of F,[L] in 0% methanol.

The log f values for Cd(II)-pyridine systems in
various solvent mixtures are presented in Table II.
The accuracy of the § values in both aqueous and
non-agueous media was observed to be of the
order of =2 for 3,, == 5 for 4, and * 4 for j,.
The literature values, wherever available, at an
ionic strength of 0-1 M (KNQO;) are also given in
the same table. It could be seen from the
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TasrLe II
Cd(11)-pyridine system in water and methanol-warer nitxture
#=0-1 (KNO,) Temp. =25 +=0-5°C
Mol. fraction
of methanol 0 10 20 40 50 20% DMF
Y/
Wt. fraction
of methanol %, — 791 15-82 31:67 39-57 55-40 —
1/ex10-% 1273 (351 14-38 16-67 18:01  21-74 13-52
log 8, 1-48 1-48 1-48 1-54 1-54 1-48 1-30
1-4Q014
1-36
log B, 2-04 1-90 1-90 1-70 ]-85 1-30 2.00
}- 95414
1 . 86{“
2-14[151
log B, 1:95 2°00 2°00 1-98 1+90 1-74 1-60
2.2‘7{]&]

- 90

_ — .

iiterature values that the agreement between our
) and 8, values and those reported by Morinagal4
and Sharma and Gaur? is satisfactory, Our value
of (§, is closer to that reported by Sharma and
Gaur? than that of Morinagal4, @, value for
Cd(Il)-pyrnidine system obtained by EMF measura-
ments is 17-8 as reported by Desai and Kabadi21,
The polarographic values are, however, higher than
the EMF values.

Pyridine is a very weak base, since it derives its
basicity from the unshared electrons of the nitrogen
atoms in a plane trigonal sp2 orbital. Considering
its low basicity, however, it is capable of forming
a stable complex with Cd(II). This is probably
due to the additional =-bonds (M -—>L) between
the completely filled d orbitals of Cd(II) and the
r-electron sextet of pyridine,

M L =wbonding could be
paring the § values of Cd(II)
ture values 4) with pyridine,
0-1M (KNQO,) ionic strength are log §; = 0-30
and log /5'2:1-53, The 3 values for Cd(11)-
pyridine system are higher than those of Zn(Il)-
pyridine system. The stability of these complexes
depends on the relative effects of both ¢- and
m-bonds. The strength of M —sL w-bond. 1is
governed by the mobility of the free d_ electrons
of the central atom, The =-bonds tn the Cd(il)-
complexes are stronger than those in Zn(ll) com-
plexes since jonisation potential of cadmium is
lower than that of zinc if as a first approximation
the mobihity of the electrons in the ions 15 a measure
of ionization potential of the metals,

examined by com-
and Zn(II) (litera-
These vaiues at

EerectT of IIELECTRIC CONSTANT ON ﬂ VALUES

The log fi values remain nearly consant with
the increase in the percentage of methanol {rom

-l —— e il ro—

13% w0 709%. The plots of log f;’)’i vs 1/¢ (Fig. 3)
show :

(1) a straight line relationships for log B1s

(11) that log ﬁ2 values remain nearly constant
upto 509% of methanol-water mixture and
then register a fall, and

(#i1) that in the case of log (3 values a near

hinzarity is observed with respect to 1/e

values over the entire range of solvent

mixtures investigated in the present work.

big. 3.
in vacious methanol-witer mixtures,

Plots of tog 3, log ;. and log 3, vs 1 /s
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The near constancy of log 3,, log §, and log Ba
values with the sole exception of one log g, value
supports the argument put forward regarding the
back donation of electrons from the metal to the
pyndimium  nucleus, The predomunance o©f the
covalent nature of the metal-ligand bond in the
] : 1 complex will not show any significant change
in the log g, values with respect to changes in
dieleciric constant.

The constancy of the log 3 wvalues at various
percentages of methanol shows that the solvent
methanol as such is not playing any part 1n the
react'on by which complexation occurs. This may
be dve to the fact that pyridine is a stronger base
than methanol. Further, the mixtures of pyridine,
water and methanol are a complex system due to
the possibility of hydrogen bonding between water
and pyridine and also between methanol and
pyridine. Adam=2 has reported that : (i) the water
mo'ecules approach the nitrogen lone pair of
electrons in such a way that the hydrogen bonded
system O—H... N is linear and () the results
of methanol-pyrid'ne system are paralle]l to those
of water pyridine system, the only difference being
in the ortentation of the methyl groups. Either
the carbon atom of the methyl group is in the plane
of pyridine ring or perpendicular to it. Since it is
not possible to know the concentraiion of water
molecules and methanol molecules, hydrogen bonded
to pyridine separately, no gquantitative conclusions
can be drawn from the observed results.

The system was also investigated in 2095 (v/v)
DMF-water mixture, the 1/¢ value of which 1s
13-52 X 103, The log f§ values in methanol-
water mixture corresponding to 1/e¢ values of
13-52 X 103 were obtained from the plots of log
‘()‘,i vy 1/¢ (Fig. 3). The comparative data are
given in Table III, TIn this case a discrepancy

TasLE 111

T

log B, values in
methanol-water
mixture having
1/e=13-52x10-3

log B; values in 209/
(v/v) DMF-water
mixture having
1/e=13-52x10"°

8 = 130 1-50
Bg = 200 1-90
B = 1-60 2-00

o

between the two sets of values was observed. The
difference n specific chemical effects of the two
organic solvents despite identical dielectric constant
of their muixtores is probably responsible for the
observed discrepancy. The possibility of hydrogen
bonding will be greater at the higher concentrations
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of pyridine ions which may have resulted in the
large discrepancy in log 3; as compared to log §;
and log B,
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