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The mixed ligand complexation of oxalate (Ox) and
phthalate ions with Cd(II) has been studied polarogra-
phically in aqueous medium at 25° 4- 0-5° and p =
1-0M (KNO,). The formation of three complex species
[Cd(Ox)(phthalate)]?”, [Cd(Ox),(phthalate)]*~ and [Cd
(Ox)(phthalate),]*- is observed. By applying Schaap
and McMasters treatment the stability constants of
these complexes are found to be log §,, = 3-75, log B,
=502 and log B,, = 3-89 respectively. The complexation
constants of these species were also evaluated following
the procedure suggested by Watters.

IN recent years polarographictechnique has received

considerable attention in the study of mixed
ligand complexes after the notable work of Schaap
and McMasterst. The present ncte is in continua-
tion of an earlier publication® from our laboratories
describing the polarographic determination of stabi-
lity constants of mixed ligand complexes of oxalate
and salicylate ions with Cd(II).

Cadmium nitrate was of BDH (AR) grade.
Oxalate (Ox) and phthalic acids were used in the
form of their potassium salts, which were recrystal-
lized from doubly distilled water. All the solutions
were prepared in a doubly distilled water. The
polarograms of deaerated solutions were recorded
at 25°+0°5° and p = 1-0M (KNO;) with the help
of a Cambridge Pen recording polarograph. The
d.m.e. had the following characteristics: ¢ = 3-2 sec,
in 0-1M (open circuit); and m = 197 mg sec.
SCE used as a reference electrode had negligible
cell resistance. Half-wave potential values were
obtained from log plots. The polarograms were
recorded at a fixed concentration of Cd(II) (1 maf)
and varying concentration of oxalate (0-02-0-5M)
and phthalate (0-02-1-031).

The conditions maintained for Cd(II)-oxalate-
phthalate-mixed system were similar to those
reported-® for Cd(II)-oxalate and Cd(II)-phthalate
systems.

For the system Cd(IT)-oxalate, the plet of
—(Ey)e vs log Cp, (where Cp = oxalate ion concen-
trations) indicates the presence of 1:1, 1:2 and
1:3 Cd(II)-oxalate complex species. The DeFord
and Hume treatment* was applied to determine
the stability constants of these species and the
values are: log Bpo= 270 & 0:04, logB,,,= 407
+ 0-15 and log B;,y = 5'14 £+ 0-06. These values
are in good agreement with those obtained by
Schaap and McMasters! and Kanemura and
WattersS.

The application of DeFord and Hume method?
for Cd(II)-phthalate system suggested the forma-
tion of 1:1, 1:2 and 1:3 complex species. The
stability constants thus obtained are: log fo,1 = 1-90

TABLE 1 — VALUES OF E} AND THE SLOPES OF THE
Prots oF Ed. VERsUS Lo [i/(ta-i)]

[CA(IL) = 1"TmM; p = 1.0M (KNOs); temp. 25° 1 0-5°;
Z(Eg)s = 0-5850 V]

[Ox] —E4 (vs SCE) at log Im{Ic Slope
M (mV)
0-0M 0-08M
[phthalate] [phthalate]

0-02 0-6180 0-6300 0-0615 300
0-04 0-6338 06420 0-0906 30-0
0-06 0-6425 0-6485 0-0706 30-0
0-08 0-6490 06550 0-0806 300
0-10 0-6535 06620 0-0706 325
0-15 0-6670 0-6690 01007~ 336
0-20 0-6780 0-6810 0-1007 33-3
0-30 0-6900 0-6950 0-1007 30-0
0-40 0-7000 0-7026 0-1007 300
0-50

0-7075 0-7100 0-1007 330

TABLE 2 — VALUES OF E} AND THE SLOPES OF THE
Prots oF Edc VERSUS LoG #/(td—%)

[CA(IT) =1 mM; p = 1-0M (KNO,), temp. 25° & 0-5°,
—(Ey)s = 0-5850 V] :

[Ox] —FE} (vs SCE) at log Im/Ic Slope
M (mV)
0-0M - 016 M
[phthalate] [phthalate]
0-02 0-6180 0-6400 0-1007 32:4
0-04 0-6338 0-6478 0-1007 30-9
0-06 0-6425 0-6540 0-1133 300
0-08 0-6490 0-6588 0-1222 30-0
0-10 0-6535 0-6655 0-1007 301
015 0:6670 0-6735 0-1007 320
0-20 0-6780 ’ 06840 ° 0-1007 311
0-30 0:6900 0-6950 0-1007 330
- 040 0-7000 0-7030 0-1222 30-0
0-50 0-7075 0-7100 0-1222 30-0

+ 0-11, log Bo2 = 2:25 % 0:12 and log Bos = 344
+ 0-04.

In the mixed ligand system, the concentrations
of phthalate ion were constant at 0-08M and 0-16M
because at these concentrations 1: 1 and 1: 2 Cd(II}-
phthalate complex species were found to be pre-
dominant.

In the first set, the solutions (y = 1-0M) contain-
ing 1 mM Cd4(II), 0-08M potassium phthalate and
different concentrations of oxalate were polaro-
graphed. The same procedure was adopted in the
second set in which phthalate ion concentration
was kept constant at 0-16M/.

In all the systems, a well-defined and diffusion-
controlled single wave was observed. The linear
relationship between Eg. vs log 4/(i;—%) with slope
values in the range of 30-33 mV indicated a rever-
sible reduction involving two electromns.

The values of —(Eyp), and the slopes at these
two concentrations of phthalate ions are given In
Tables 1 and 2. -

The shift in half-wave potential of CA(II) in the:

presence of the mixture of phthalate and oxalate
ions is greater than that of in oxalate ion alone.
This suggests the formation of Cd(II)-oxalate-
phthalate mixed complexes.
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The method of Schaap and McMasters?! was
applied to evaluate the coefficients 4, B, C and D
in bpth the sets. The values of these coefficients
are given below:

Af 0-08M phthalate: log 4 = 1-30; log B = 3-0
+ 009; log C =430 £ 0:09; and log D = 5-17

+ 006

At 0-16M phthalate: log A4 =1-78; log B
=320 + 0:03; log C =447 + 0-03; and log D
— 517 & 0-08

The mean value of log D = 5:17 agrees well
the log B39 = 5-14, the stability constant of
[CA(Ox)5]%.

The values of 4, B, C and D were used in calcu-
lating the stalility constants of mixed species.
mixed complex Ypecies [Cd(Ox) (phthalate)]?-
[Cd(0x), (phthalate)]* and [Cd(Ox) (phthalate),]*
were| found to have the stability constants log B;;
= 3-Y5, log By = 5-02 and log B,» = 3-89 respec-
tively.

The observed stability constants of the mixed
complexes have been compared with calculated
from|those of the simple complexes following the
procddure suggested by Watters$. The calculated
valugs for complexation constants are: (i) 3 x (32/3
X BYF = 10435 as compared to 10502 observed for
[CA(Qx X), (phthalate)]* and (ii) 3 X @Yy X pYE = 103
as dompared to 1038° of [Cd(Ox)(phthalate) 1+
The increase in the values for these species were
respeftively 104067 3nd 10020,

The statistical factor favouring the formation of
mixedl complex [Cd(Ox) (phthalate)j?- is two. The
observed value (10%75) 1s larger than the calculated
(10%4) by 10%020, The greatest enhancement is
observed for the [Cd(Ox),(phthalate)]* comglex.

The various complexation reactions along with
their{log stepwise stability constants are shown in
Schetpe 1.

logl KX value for [Cd(Ox)] to [CA(Ox),2- is 1-40
whilel the value for Cd(phthalate) to [Cd(Ox) (phtha-
late) B~ is 1-85. The larger value of log K for the
later {reaction shows that the formation of mixed
species is favoured. A similar argument holds
good [for the mixed complex [Cd(Ox) (phthalate)]?-
when| formed from [Cd(Ox)]. It is seen that log K
value in the formation of [Cd(Ox) (phthalate)2-
from [Cd(Ox)] is much higher than in the formation
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of [Cd(phthalate),]*~ from [Cd(phthalate)] being
1-05 in the former and 0-35 in the latter case.

One of the modes in which mixed ligar:d complex
[Cd(Ox) (phthalate)]? can disproportiorate is:
2[Cd(Ox)(phthalate)]* =[Cd(0x),]*

+ [Cd(phthalate),]*

and reaction has the log K =—1-18 in the direction
written which clearly shows that the formation of
the mixed complex is preferred.

That the saturated mixed complexes [Cd(Ox),-
(phthalate)]* and [Cd(Ox)(phthalate),]*- are favoured
can be seen by comparing the formation constants
for the addition of oxalate anion as a third ligand
to [Cd(Ox),J2-, [Cd(Ox)(phthalate)]?- and [Cd(phtha-
late),]~. Log K values are respectively 1-07, 1-25
and 1-65.

The authors wish to express their deep sense of
gratitude to Prof. D. D. Khanolkar for his keen
interest and encouragement.
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Copper(I1I) mono- and trichloroacetates have been
observed to undergo diffusion-controlled, irreversible
reduction at d.m.e. in 259, ethanol and 259, acetone.
But in aqueous medium copper(II) monochloroacetate
undergoes diffusion-controlled reversible single-elec-
tron electroreduction while the other shows irreversible
electroreduction. Kinetic parameters of all irrever-
sible electrode processes have been evaluated along with
other polarographic characteristics.

OPPER(II) monochloroacetate exhibits metal-

metal exchange interaction, while Cu(Il) tri-
chloroacetate shows normal magnetic properties
of a paramagnetic complex in solid statel. Such a
typical behaviour of these two alkanoates has also
been established in organic solvents? of low di-
electric corstant and having less coordinaling
ability than water. In aqueous solution, the dimeri-
zation reaction appears to be destroyed. These
conclusions have been arrived at on the basis of
spectral and magnetic properties of these alka-
noates. Recent polarographic investigatiors® show
that Cu(II) monochloroacetate gives double wave





