From the preliminary studies (Chapter IV Section i - iv), it was observed
that Cadmium formed complexes with all new Schiff bases under consideration
over the concentration studies. The reduction of these complexes at d.m.e was
diffusion controlled and reversible with two electrons participating in the electrode
reaction. The presence of more than one complex species in equilibrium in all the
systems was evidenced from the smooth curves obtained when plots (Figs.1,5,9
and 15) were drawn between E;, and —log [X]. Hence DeFord and Hume
method was employed to calculate the metal-to-ligand ratio and stepwise formation

constants for each system.

Study of 1:2 Complex Systems:

In order to evaluate successive formation constants, the various Fronaeous
functions Fo[x] were calculated from the half-wave potential data for Cd-OVAMP

and Cd-PVAMP complex systems using the equation (1)

0.434f

_ Anti IM
Fo [X] = Anti log DE}é+|ogE

Fo [X] functions were plotted (Figs. 2, 6) against each concentration of the
ligand studied. Steeply rising curves were obtained with a limiting slope value of b,
as [X] approached to zero. For both systems, F; [x] functions were derived for
different concentrations of ligand employing the equation i.e.,

Fo[x]- 1
K 2

Fi[X] =
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A plots (Figs 3, 7) of derived Fi[x] values against corresponding values of
[X] gave straight lines with intercept values equal to b, as [X] tends to zero which
indicated the formation of penultimate complex. F, [x] functions were calculated
using the equation [3] and plotted against [x] for the two systems. (Figs. 4, 8)

FIx]- b1

F =
2 [X] [ X] ................... (3)

Straight lines parallel to x-axis were obtained indicating the formation of
stable complex species in equilibrium. The obtained data (Tables - 1 and 2)
indicates that Cadmium formed 1:2 Complexes with OVAMP and PVAMP systems.
The stability of Cd-OVMP complex systems is greater than stability of Cd-PVMP

complex system.

Study of 1:4 Complex Systems:

From the Ej, data of Cadmium at different concentrations of the ligands
(VER-AMP and TMB-AMP), F¢[X], F1 [X] and F; [x] were computed using equations
(1, 2 and 3) respectively. In order to determine b, plots of F,[x] (Figs. 10,16) and
F1 [x] (Figs 11,17) at corresponding values of [X] were drawn. Steeply rising
curves were obtained for each system. The graphs (Figs. 12,18 ) plotted
between F, [X] values against [x] were not straight lines parallel to x-axis, but
smooth curves were obtained. Hence calculations are extended further to evaluate
other functions such as F3 [x] and F4 [X]. F3[x] functions were calculated employing

the equation i.e.

FalXI= Fo[x] -bod [X]  coverrerneennn(d)
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And the graphs (Figs.13,19) were drawn between F3 [X] values against [x]. Straight
lines with intercept values equal to bz and limiting slope equal to b, were obtained

indicating the formation of penultimate species.

For both systems, different F, [x] functions were derived at each concentration of

the ligand using the equation.
Fa[x] - bs

F4[x] = X e, (5)

A plots were constructed between F4 [X] against the corresponding values of
[x]. Straight lines (Figs 14, 20) parallel to the x-axis with intercepts equal to by

were obtained indicating the existence of stable complex species in solution.

The obtained data (Tables 3 and 4) indicates that Cadmium formed 1:4 Complexes
with VERAMP AND TMBAMP systems. The stability of Cd-VERAMP complex

systems is greater than stability of Cd-TMBAMP complex system.

Schiff bases are weakly basic compounds. The basicity which is attributed to
the presence of lone pair of electrons on the nitrogen atom of >C=N- group is
responsible for complex formation with metal ions. They can also form five or six
membered stable chelates with metals if a functional growth with a replaceable
hydrogen atom, preferably an hydroxyl group, is present at ortho position to the
>C=N- group. The basicity of the imino group is influenced by variation of
substituents present either in the aldehyde moiety or in the amine moiety. Also

each substituent varies the basicity more or less with respect to its postion. In the
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present investigation, as the Schiff bases were prepared from a common aliphatic
hydroxyl amine and various aldehydes, the basicity of the Schiff bases was affected
by different substituents present in the aldehyde component. The complexing ability
of these Schiff bases with Cadmium, which depends on the basicity of the >C=N-.
group, has been understood on the basis of inductive,mesomeric and steric effects

of the substituents.

From the stability values (Table - 5), it is clearly noticed that Cd-OVMP
complexes were more stable than Cd-PVMP complexes and on the other hand, Cd-
VERAMP complexes were more stable than Cd-TMBAMP complexes. Reviewing
all these results discussed above, the stability order of Cadmium complexes in
presence of various closely related Schiff bases studied can be arranged in the

following order.

OVAMP > PVAMP for 1: 2 Complexes

and

VERAMP > TMBAMP for 1:4 Complexes
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Derived functions for Cadmium-

TABLE -1

O-VAMP complex system

[Cd*¥] = 1.0mM pH = 8.0
[KNOs3] = 0.1 M Triton-X-100 = 0.002%
[O-VAMP] id Slope El/z E1/2 LOg ||\/| / |c Fo F1 Fz

M LA mV | -Vvs SCE | -V vs SCE [O-VAMP] | [O-VAMP] x 102 | [O-VAMP] x 104
0.000 5.88 29.41 0.5490 - - - - -
0.005 5.28 31.82 0.5550 0.0060 0.0467 1.7742 1.5483 -
0.008 5.22 31.58 0.5580 0.0090 0.0517 2.2654 1.5817 -
0.010 5.10 31.25 0.5610 0.0120 0.0618 2.9268 1.9268 -
0.020 4.98 30.77 0.5700 0.0210 0.0721 6.0275 2.137 -
0.030 4.74 30.43 0.5790 0.0300 0.0936 12.7374 3913 0.5541
0.040 4.56 31.25 0.5880 0.0390 0.1104 26.6271 8.406 1.0392
0.050 4.50 30.00 0.5925 0.0435 0.1162 38.2689 8.453 1.0407
0.060 4.44 30.00 0.5970 0.0480 0.1220 55.0007 9.000 1.1250
0.080 4.38 29.63 0.6030 0.0540 0.1279 88.8309 88.97 1.0911
0.10 4.26 29.41 0.6075 0.0585 0.1400 129.5346 38.85 1.0603

1=2.25%x10% ,=1.07x10*
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Fig.1 Plot of E 12 vs log[O-VAPM] in 0.1 M KNO 3 at pH 8.0 for

1.0 mM Cadmium
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Fig.2 The function of F [X] plotted as function of ligand
concentration for the Cadmium-O-VAMP system
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Fig.3 The function of F 4[X] plotted as function of ligand
concentration for the Cadmium-O-VAMP system

171




F,Ix1

1.2
O
Il N ] o '
é O 1 1 [U)
1 -
08
0.6
04
02
0 I | L | L }
0 0.02 0.04 0.06 0.08 0.1 012
[0O-VAMP]

Fig.4 The function of F ,[X] plotted as function of ligand
concentration for the Cadmium-O-VAMP system
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TABLE -2

Derived functions for Cadmiu

m-P-VAMP complex system

[Cd*Y] =1.0mM pH = 80
[KNO3; =0.1M Triton-X-100 = 0.002%
P-VAMP id Slope El/z E1/2 . Fl I:2
| M ! WA mpv Vs SCE |-vvssce | Fe9im/le | FolP-VAMPL 0 AP x 102 | [P-vAMP] x 10
0.000 5.88 29.41 0.549 - - - - -
0.005 5.40 31.58 0.552 0.003 0.0369 1.3742 0.7484
0.008 5.34 32.00 0.555 0.006 0.0418 1.7543 0.9428
0.010 5.16 30.77 0.558 0.009 0.0567 2.2916 1.2916
0.020 5.04 31.25 0.567 0.018 0.0669 4.7183 1.8592
0.030 4.92 31.82 0.576 0.027 0.0774 9.7215 2.9071 3572
0.040 4.74 30.43 0.585 0.036 0.0936 20.2944 4.8236 7.3090
0.050 4.68 30.00 0.591 0.042 0.0991 32.7470 6.3494 8.8899
0.060 4.50 30.77 0.594 0.045 0.1162 42.9952 6.9992 8.4648
0.080 4.38 29.63 0.600 0.051 0.1279 70.3746 8.6718 8.4648
0.100 4.32 28.57 0.606 0.057 0.1339 113.687 17.268 9.3687
1= 1.9 x 10% , =8.80 x 10°
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V vs SCE
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Fig.5 Plot of E 12 vs log [P-VAMP] in 0.1M KNO 3 at pH 8.0 for
1.0 mM Cadmium
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Fig.6 The function of F [X] plotted as function of ligand
concentration for the Cadmium-P-VAMP system
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Fig.7 The function of F 4[X] plotted as function of ligand
concentration for the Cadmium-P-VAMP system
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Fig.8 The function of F ,[X] plotted as function of ligand
concentration for the Cadmium-P-VAMP system
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TABLE -3

Derived functions for Cadmium-VER-AMP complex syste ~ m
[Cd*] =  1.0mM pH 8.0
[KNO 5] = 0.1 M Triton-X-100 = 0.002%
: E1p Fi1 F2 F3 Fa
[VERI;AAM Pl g S:g\‘je v v§1§CE Vvs | Logim/lc [VER'TZM o) | VER-AWP] | [VER-AVIP] | [VER-AVIP] | [VER-AMP]
HA SCE X 10° X 10° X 10° X 10°
0.000 5.88 | 29.41 0.549 - - - - - - -
0.005 552 | 31.58 0.552 0.003 0.0274 1.3445 0.6889 - - -
0.008 546 | 29.17 0.555 0.006 0.0322 1.7159 0.8949 - - -
0.010 5.34 | 31.25 0.558 0.009 0.0418 2.2143 1.2143 3.1434 - -
0.020 5.28 | 32.00 0.570 0.021 0.0467 5.6850 2.3425 7.2127 1.1063 -
0.030 522 | 30.77 0.582 0.033 0.0517 14.5992 4.5330 12.1102 2.3701 -
0.040 5.10 | 31.82 0.591 0.042 0.0618 30.0519 7.2629 15.9074 2.7268 1.0671
0.050 5.04 | 30.77 0.600 0.051 0.0669 61.1527 12.0305 22.2610 3.4522 2.3044
0.060 4.92 | 30.43 0.609 0.060 0.0774 125.9969 20.8328 33.2210 4.7035 4.0058
0.080 486 | 2857 0.621 0.072 0.0827 323.7815 40.3477 49.3096 5.5387 4.0484
0.100 462 | 27.77 0.630 0.081 0.1047 685.0086 68.4008 67.5008 6.2500 3.9500

1=0.90x10% ,=5.0x10% 3=230x10% ,=4.0x10°
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Fig.9 Plot of E 1,2 vs log[VER-AMP] in 0.1M KNO 3 at pH 8.0 for
1.0 mM Cadmium
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Fig.10 The function of F ¢[X] plotted as function of ligand
concentration for the Cadmium-VER-AMP system
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Fig.11 The function of F [X] plotted as function of ligand
concentration for the Cadmium-VER-AMP system
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Fig.12 The function of F ,[X] plotted as function of ligand
concentration for the Cadmium-VER-AMP system
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Fig.13 The function of F 3[X] plotted as function of ligand
concentration for the Cadmium-VER-AMP system
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Fig.14 The function of F 4[X] plotted as function of ligand
concentration for the Cadmium-VER-AMP system
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Derived functions for Cadmiu

TABLE -4

m-TMB-AMP complex system

[Cd*] =  1.0mM pH = 8.0
[KNO 3 = 0.1M Triton-X-100 = 0.002%
. F1 F’ Fs Fs
[TMB-AMP] g Slope Eip Eq1p Log I'm / Fo
[TMB-AMP] | [TMB-AMP] | [TMB-AMP | [TMB-AMP]
M HA mvV -V vs SCE |-V vs SCE lc [TMB-AMP] % 107 % 10° . 10° % 10°
0.000 5.88 | 29.41 0.549 - - - - - - -
0.005 5.52 | 31.82 0.552 0.003 0.0274 1.3445 0.6889 - - -
0.008 5.46 | 32.00 0.555 0.006 0.0322 1.7159 0.8949 0.5610 - -
0.010 5.34 | 31.58 0.558 0.009 0.0418 2.2143 1.2143 3.6440 - -
0.020 5.28 | 31.25 0.567 0.018 0.0467 4.5039 1.7519 4.5095 - -
0.030 5.22 | 30.77 0.579 0.030 0.0517 11.5659 3.5220 8.9066 1.4688 -
0.040 5.10 | 30.00 0.588 0.039 0.0618 23.8081 5.7020 12.1301 1.9075 1.0187
0.050 4.98 | 30.77 0.597 0.048 0.0721 49.0307 9.6061 17.5122 2.6024 2.2048
0.060 4.92 | 30.43 0.606 0.057 0.0774 99.8187 16.4698 26.0330 3.5888 3.4813
0.080 4.86 | 29.63 0.618 0.069 0.0827 256.5098 31.9387 38.8608 4.2951 3.4939
0.100 456 | 28.57 0.627 0.078 0.1104 | 549.8548 54.8855 54.0855 4.9585 3.4585

1=0.85x10% ,=450x10% 3=150x10% ,=3.48x10°
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Fig.15 Plot of E 12 vs log[TMB-AMP] in 0.1 M KNO 3 at pH 8.0 for
1.0 mM Cadmium
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Fig.16 The function of F ¢[X] plotted as function of ligand
concentration for the Cadmium-TMB-AMP system
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Fig.17 The function of F 3[X] plotted as function of ligand
concentration for the Cadmium-TMB-AMP system
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Fig.18 The function of F ,[X] plotted as function of ligand
concentration for the Cadmium-TMB-AMP system

189



Fig.19 The function of F 3[X] plotted as function of ligand
concentration for the Cadmium-TMB-AMP system
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Fig.20 The function of F 4[X] plotted as function of ligand
concentration for the Cadmium-TMB-AMP system
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TABLE -5

The Stability constants of Cadmium complexes with d ifferent
Schiff bases
Stability constants
Ligand

1 2 3 4

O-VAMP 2.25x 102 1.07 x 10% - -

P-VAMP 1.90 x 102 8.80 x 10° - -
VER-AMP 0.90 x 102 5.00 x 103 2.30 x 10° | 4.00 x 10°
TMB-AMP 0.85x 10?2 4.50 x 103 1.50 x 10° | 3.48 x 10°
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