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ABSTRACT

The present investigation describes the polarographic and cyclic voltammetric behavior of certain novel
(2-methyl-5-nitro-4-substituted phenyl azo-imidazol-1-y1)-acetic acid benzylidene-hydrazides. The polarographic
behavior was studied at a hanging mercury drop electrode (HMDE). The cyclic voltammetric behavior was
studied at a HMDE and a modified carbon paste electrode (MCPE). The electrochemical process was found to
be irreversible and diffusion controlled in nature. Based on the results obtained, the reduction mechanism in an
acidic as well as in a basic medium was proposed. The results from polarography and cyclicvoltammetry were

compared to ascertain the findings and conclusions.
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INTRODUCTION

Imidazole is a five membered, hetero cyclic ring
containing two nitrogen atoms and two double bonds.
Due to its immense pharmaceutical importance, the
imidazole moiety has been extensively used in drug
design. Imidazole derivatives have a wide range of
pharmacological activity. Literature survey revealed that
imidazole and its derivatives were reported to exhibit
cardiovascular activity [1], anti-inflammatory activity
[2], antimicrobial activity [3, 4], enzyme inhibition
activity [5], anticovasculant activity [6] and was used
in the treatment of hypertension [7, 8].

The study of electrochemical behavior is useful to
understand the metabolism of the drug, as it allows the
identification of metabolites with even short half-lives
and which is not possible in conventional in vivo or in
vitro methods [9]. Moreover, it is well established that
the pharmacological properties and the structure-activity
relationships of many drugs [10 - 12] are related to the
electrochemical behavior of compounds. In view of the
versatile medicinal applications of imidazole moiety,
herein we report the synthesis and the electrochemical

studies of imidazole containing compounds, in par-
ticular, the article presents a systematic and detailed
investigation of the electro chemical reduction of
(2-methyl-5-nitro-4-substituted phenyl azo-imida-
zol-1-yl)-acetic acid benzylidene-hydrazides.

EXPERIMENTAL

A CL-25 Pen Recording Polarograph manufactured
by ELICO Private Limited, Hyderabad, India, was used
for the polarographic studies. The cyclic voltammeter
used consists of an X-Y recorder (Model RE0074), a
PAR 175 Potentiostat and a PAR 175 universal program-
mer. The pH measurements were made with a pH meter
model LI - 10 manufactured by ELICO Private Limited,
Hyderabad, India.

The title compounds (a-f) were synthesized by
a procedure described in the literature [13].

Polarographic / Cyclic voltammetric procedure

8.0 mL of the buffer solution with the desired pH
(1.1 - 10.1), 2 mL of the stock solution of the substrate
solution (1.0x102 M) in dimethylformamide, 6 mL of
dimethylformamide and 4.0 mL of distilled water were
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mixed thoroughly. The polarograms/voltammograms
were recorded after removing the dissolved oxygen by
passing pure and dry nitrogen gas through the solution
for about fifteen minutes.

RESULTS AND DISCUSSION

Polarographic behavior of (2-methyl-5-nitro-
4-substituted phenyl azo-imidazol-1-y1)-acetic acid
benzylidene-hydrazides (a - f)

T,
éHZCONHN:a@

(2-methyl-5-nitro-4-substituted phenyl cazo-
imidazol-1-y1)-acetic acid benzylidene-
hydrazide

OZN/QKCH

EH,CONHNH,

2-methyl-5-nitro-imidazole-1-acetic acid hydrazide
(A)

Literature survey [14 - 17] revealed that not many
benzene azo imidazoles were studied for their electro-
chemical behavior. The polarographic investigation was

carried out on (2-methyl-5-nitro-4 substituted phenyl azo
imidazol-1-yl)-acetic acid benzylidene-hydrazides (a-f)
in buffer solutions of pH 1.1 - 10.1. The compounds
under investigation exhibit three waves in the acidic so-
lutions of pH 1.1 - 6.1 and four waves in basic solutions
of pH 8.1 - 10.1. An inspection of the structure of the
compounds a-f showed that the sites susceptible for the
reduction at dropping mercury electrode are the cyclic
and exocyclic azomethine (>C=N-), exocyclic amide,
exocyclic azo group (N=N) and exocyclic nitro group
(-NO,). It is well known that exocyclic azo, azomethine
and nitro groups are more susceptible for reduction than
the other groups. The reduction of the cyclic azomethine
(>C=N-) and exocyclic amide (-CO-NH) at a dropping
mercury electrode generally occurs at higher negative
potentials. The polarographic behavior of 2-methyl-
5-nitro-imidazole-1-acetic acid hydrazide (A), studied
under similar experimental conditions revealed that the
compound exhibits a well defined single reduction wave
in the pH range 1.1 - 10.1. The position of the wave on
the potential axis and the comparison with the reduc-
tion of nitro benzene revealed that the wave noticed for
compound A was due to:

@ six electron reduction of NO, to NH, in the solu-
tions of pH = 1.1-6.1;

Table 1. Details of compounds synthesized.

Compound a b

Cc

d e f

R -H -CH;

-OCH;

-OH | -OC,H;s -Cl

Table 2. Effect of pH on — E |, and limiting current; Medium: Aqueous dimethylfor-

mamide (40 % v/v); [Substrate] : 1 x 10°M.

Nitro Benzene Compound A
pH Limiting Limiting
-E ., vs SCE -E 1, vs SCE
Current (LA) Current (LA)
2.1 0.25 7.0 0.38 6.8
3.1 0.37 7.0 0.46 6.4
4.1 0.49 6.3 0.52 6.0
5.1 0.58 6.0 0.60 5.6
6.1 0.69 5.7 0.68 5.0
7.1 0.76 5.4 0.73 4.6
8.1 0.85 4.7 0.81 44
9.1 0.85 4.7 0.81 44
10.1 0.85 4.7 0.81 44
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Table 3. Millicoulometric data of (2-methyl-5-nitro-imidazol-1-yl)-acetic acid hydrazide (A);
[Substrate] = (0.8 x 10*M); Medium: Aqueous dimethylformamide (40 % v/v).

pH Current, pA Time, s n-value
6.0 0 -

4.1 5.5 7200 5.7
5.3 10800 6.0
4.4 0 -

8.1 4.0 7200 3.8
3.8 10800 3.7

e four electron reduction of NO, to NHOH in the
solutions of pH = 8.1 - 10.1;

e millicoulometric data carried out for compound
A supports above observations.

The data pertaining to compound A presented in
Tables 2 and 3, reveals that the reduction observed in
the present investigations, is attributed to the reduction
of the exocyclic nitro group. The reduction of cyclic
azomethine, exocyclic amide was not observed under the
chosen experimental conditions, because these groups
reduce at higher negative potentials at a dropping mer-
cury electrode. The results presented in Table 2 and 3,
and their comparison with that of compounds a-f, suggest
that the three reduction waves noticed for compounds
a-f, are due to the reduction of the exocyclic azo group,
nitro group and azomethine group.

The results in Table 4 show that the half wave poten-
tials of the compounds under study (a-f), increase with
the increase in pH in the acidic pH range, but remain
unaltered in the alkaline pH range. The graph drawn
between the half wave potential and pH (Fig. 1) is linear
up to pH 8.1 and remains constant in solutions of higher
pH. The slope of the plot EY vs pH lies between 50 - 90
mV for all waves. The increase in half wave potentials
with the increase in pH, is indicative of the participation
of protons in the reduction process. The P values (num-
ber of protons) are low and non integers (Table 4). The
proton transfer is a heterogeneous process [18] and the
protonation of the substrate is taking place on the surface
of the electrode. The shift in half wave potentials with
increase of the solution pH can therefore be ascribed to
the following reasons:

e Both the protonated and unprotonated forms of
the depolarizer are electroactive. There is an equilibrium
between the protonated form and the unprotonated form
[18]. The unprotonated form is reduced at more negative

potentials than protonated form [18].

.
+H
“C=N"H-NH-

C=NNH- Sl
+H+ + -
-N=N- - -N H-N-
-H
+H+ +
,Noz - ’NOzH
-H

Unprotonated form Protonated form

e The pH dependence of the half wave potential
was not only due to the antecedent acid-base chemical
reaction, but was also due to the consumption of protons
in the reduction process [18].

e The pH of the solution in the bulk was different
from the pH at the electrode surface. In the presence
of electric field, the inequality D(PY)) < D(P",) was
observed.

As the equilibrium shifts towards the unprotonated
form, the respective E,, values remain constant. It is
seen from Fig. 1 that the E, is practically constant in
the alkaline pH range and is due to the fact that both
the acidic and the basic forms of the depolarizer were
electroactive. But in the pH range where the protona-
tion rate decreases, the half wave potentials of both the
protonated form (acidic) and the unprotonated form
(basic) are so close to each other that the waves merge
E, - pH rela-
tion is indicated by the following equations:

[19] and a single wave is observed. The —

First wave

-E, = 0.10 +0.09 p"V vs SCE for (a)
-E, 0.12 +0.08 p" V vs SCE for (b)
-E, 0.18 +0.08 p"V vs SCE for (c)
-E, = 0.22 +0.08 p™V vs SCE for (d)
-E, 0.16 +0.08 p" V vs SCE for (e)
-E, = 0.08 +0.05 p" V vs SCE for (f)
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Second wave

“EY% =
-E%
—E%
-E'%
-E%
_EY% =

0.28 +0.05
0.26 +0.08
0.26 +0.08
0.28 +0.07
0.25+0.07
0.24 +0.08

&)

p™ V vs SCE for (a)
p" V vs SCE for (b)
p" V vs SCE for (c)
p" V vs SCE for (d)
p" V vs SCE for (e)
p" V vs SCE for (f)

had
i

“Eqp5V
= 1/2 = e
.\\
5

ta
P |

Fig. 1. (A-E). Plotof pHvs.-E

Third wave

-E%
-E%
-E
-E%
-E%
-E

= 0.53 +0.07
0.50 + 0.06
0.50 +0.07
0.54 +0.05
0.49 +0.07
= 0.52 +0.06

p™ 'V vs SCE for (a)
p" V vs SCE for (b)
p" V vs SCE for (c)
p™V vs SCE for (d)
p" V vs SCE for (e)
p" V vs SCE for (f)
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II - the second wave and III - the third wave.
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The i, vs h” plots were linear and passing through
the origin (Fig. 2) indicating a diffusion controlled na-
ture of the polarographic wave. The i, vs concentration
graphs were linear as shown in the Fig. 3 and were pass-
ing through the origin. The constancy of the i/ values
&)
61alL4lc
s]l.41.c
| alll41,c
xI,4.1,e

ILHRJ-

-

lo1,41.a ©
61wl 41,a

5 alll41,a

x1,4.1,b

*11,4.1,b

1 olll,41,b

7 eIV.81.a (1]
x1,81,b
AIV.81.b

3 1 +11,81,¢
XIV,8.1.d

2 4 olll,81,e

71 oIl s.l.d @
W81
ALS1f

0 T T T T d

0 2 4 6 8 10
W2 a2

m

confirms the diffusion controlled nature of the wave.

It is observed from the Table 4 that there is no sig-
nificant change in the limiting current of the first wave
with pH. This suggests that both the protonated form
(acidic) and the unprotonated form (basic) are active

B
61 al,41.d
s =I1,41.d
< 4] +1014.1.d
xIIL,4.1,e
Ay
l -
0 4 T T T T
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e e
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'Y
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2 L ]
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Fig. 2. (A-H). Effect of concentration on wave height. [Substrate] = 1 x 10 M; Medium = Dimethylformamide (40 % v/v);
I indicate first wave, 11 the second wave, I1I the third wave and IV the fourth wave; 4.1 and 8.1 indicate the respective pH.
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Fig. 3. (A-D). Effect of concentration on wave height. [Substrate] = 1 x 103 M; Medium = Dimethylformamide (40 %
v/v); pH=4.1; I indicate first wave, II the second wave and III the third wave.

and are transported to the electrode surface.

.
-NO,H
Acidic active form

.
-NO,+ H
Basic active form

The decrease in the limiting current of the second
wave with increase in pH may be attributed to the differ-
ence in the number of electrons involved in the reduction
of the nitro group in acidic and alkaline solutions.

+

-NO,+ 6e L -NH, + 2H,0  (Acidic solutions)
_ 2H,0 . .

-NO,+4e —=—= -NHOH + H,0 (Basic solutions)

The change in the limiting current is attributed to
the acid-base equilibrium, which results in the formation
of the acidic form from the basic form or vice-versa.
The limiting current remains pH independent as long
as the formation of acid form from the basic form is
fast enough. As the pH increases, the rate of formation
of the protonated form decreases, thus the limiting
current also decreases. This type of behavior was ob-
served for the electroreduction of substituted benzene
azo pyrazolin-5-ones [15] and other substituted arylazo
compounds [17, 25].
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The number of electrons involved in the reduction
process was evaluated by millicoulometric studies [26].
The number of electrons involved in the first, second and
third waves were found to be 2, 6 and 4, respectively, in
a Briton-Robinson buffer solution of pH 4.1 containing
40 % (v/v) dimethyl formamide.

Nature of electrode process

The influence of concentration and mercury column
height on the limiting current confirmed the diffusion
controlled nature of the process.

The electrode process was found to be irreversible
unlike the reversible electrode process observed for
simple azo and azomethine compounds, under com-
parable conditions [20]. The irreversible nature of the
process observed in the present investigation was further
confirmed by:

e the slopes of the semi logarithmic plots (0.17 -
0.22) of the three waves were not the same as those for
reversible reduction [21];

e B, shifts towards more negative potentials with
increase in the depolarizer concentration [22];

e the heterogeneous rate constant (K, ), calculated
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pH=4.1.

from the Meites-Israel equation [23] was less than 10

The AG" (activation free energy) values increase
with increase of pH in the range 1.1 - 6.1 and remain
unaltered in the pH range 8.1 - 10.1[24].

These observations suggest that the reduction of
N=N, -NO, and >C=N-NH groups in the compounds
under investigation were irreversible. This may be due
to the bulky group present at the end of N=N, -NO, and
>C=N-NH groups, respectively.

Theplotsof —E,  vslog][i/i -i], shown in Fig. 4 at the
typical pH of 4.1, were linear and the slopes were not in
agreement with the theoretical values [21](0.030,0.015
and 0.009, respectively, for 2, 4 and 6 electron reduction)
expected for the reversible waves. This indicates that the
electrode reaction was irreversible. The slopes further
indicate that the tendency of the irreversibility increases
with increase of the pH. This was confirmed by kinetic
parameters [23, 27], evaluated for the electrode reac-

tion (decrease in K°_ , the heterogeneous rate constant,

fh’
increase in AG*, the activation free energy, with increase
in pH, as shown in Table 4). Tome’s criterion [28] was

also employed to confirm the irreversible nature of the
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polarographic waves. The con, values (0 is the transfer
coefficient and n_ is the number of electrons involved)
obtained, were almost equal to the values obtained from
conventional logarithmic plots (Table 4).

Controlled potential electrolysis

The electro-chemical reduction of (2-methyl-5-ni-
tro-4-phenyl azoimida zol-1-yl)-acetic acid benzylidene-
hydrazide (a) has been studied by the method of con-
trolled potential electrolysis at pH 4.1. The electrolysis
was followed by recording the decrease of the current
with time. The number of electrons per molecule was
calculated from the i-t curves [29]. The number of
electrons in the three reduction steps put together was
found to be 12.

After disconnecting the electrolytic cell, 1 mL of
resulting solution was withdrawn and the presence of
aniline in the solution was assessed by a standard spot
test [30]. The remaining reaction mixture was partially
evaporated in a water bath to half its volume, cooled to
room temperature and extracted with ether. The ether
layer was evaporated under vacuum to obtain a yellow
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crystalline solid, identified as 1-(2-methyl, 3,4 diamino
imidazolyl) acetamide. Based on the results obtained, the
reduction mechanism, shown in Scheme 1 and Scheme

First wave- Reduction of azo group

> e .o
RON INR, 5 = R‘@N*N*Rl
12

(Step 1) +” Fast
(Step 2)
= H e . H
R‘<j%NfN*RI =E,, R‘C%NfN*R1

(Step 3)
+|| Fast
H ”(Step 4)

/

Second wave- Reduction of nitro group

1 1
R
ch et m
E——
O,N" ™S Hy HOHN Hs
CH,CONHN= c@ CH,CONHN=0

e 2
HZONZXHC, et H N]\N7ACH3
CH,CONHN= g@ EH, CONH%

| A
R =R N—N—

2, has been proposed for the arylazo imidazoles a-f.

Reduction of azo group
The first wave in the entire pH range of study was

First wave-Reduction of azo group

/

Second wave-Reduction of nitro group

Nﬁxm : HOHNZM

2CONHN =CH 2CONHN =H

R'= ROEE

Third wave- Reduction of azomethine group

_ +
1R—CONHN=C~© _2e,2H_
H “Eip(D) =NH

-E12(2) +
_ +
2e, 2
L 8
R-C-NH,
H,NH,

Ein= Eip(l) * Ep®2)

e s

Scheme 1. Reduction mechanism in a01dlc medium.

Third wave-Reduction of azomethine group
e
R 'C'N'N=9'C6H5
H
4e ‘ Chemical cleavage
o

9 1
R.&NH, CeHsCHO * R COCHNH,

+
CgH5CH,NH, Zei H,0

CgHsCH,OH

HOHN

Hs

oHC—

Scheme 2. Reduction mechanism in alkaline medium.
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ascribed to the 2 electron reduction of the azo group to
hydrazo stage. The results, already presented, reveal the
irreversible and diffusion controlled nature of the po-
larographic wave. The results reported in the literature,
however, show that the wave was reversible in the lower
pH range for simple azo compounds under comparable
conditions [31]. The irreversibility in the present stud-
ies may be due to the bulky group present at the end of
the — N = N — linkage [32]. Substituent effects resulted
in positive specific reaction constant (p) values (Table 7)
suggesting that the reduction process was nucleophilic
in nature under the experimental conditions. Therefore
it indicates that the electron addition precedes proton
addition.

The compounds exhibit a single wave in the basic pH
range of study. The results, already presented, reveal the
irreversible and diffusion controlled nature of the waves.

The comparison of the wave height with that of the
simple azo benzene, recorded under identical condi-
tions, and the number of electrons, evaluated from the
Devries and Kroon process reveals the involvement of
two electrons in the reduction process. Hence, a two
electron reduction of the azo group to the hydrazo group
stage is envisaged.

Reduction of nitro group

The wave height decreases with increase in the pH
and remains unaltered in the alkaline pH range. The
results already presented reveal the diffusion controlled
and irreversible nature of the process. The fact that the
half wave potential increases with increase in pH in the
acid pH range suggests the involvement of protons in
the reduction process.

The comparison of the half wave potentials of the
second wave with those observed for nitro benzene
[33] suggests that this wave was due to reduction of the
nitro group to an amine in acidic medium and to phenyl
hydroxylamine - in alkaline medium.

However, the half wave potential of the second wave
was slightly more negative than that of the nitro group in
nitrobenzene. This indicates that the heterocyclic system
and the hydrazo group (NH-NH, a product formed in first
reduction step) were making the nitro group reduction
difficult. An additional wave, corresponding to the two
electron reduction of the phenyl hydroxyl ammonium
ion to aniline, was observed due to the reduction of the
nitro group in acidic solutions.

The phenyl hydroxylamine was however resistant
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to reduction in alkaline solutions. Hence, the limiting
current noticed for the second wave in alkaline solu-
tion was due to the four electron reduction of the nitro
group to phenyl hydroxyl amine. But it can be seen
from Table 4 that up to pH4, the limiting current of the
second wave was one and a half times greater than the
limiting current for the second wave observed in the
alkaline solutions of pH 8.1 - 10.1. This suggests that the
second wave in acidic solutions represents a composite
wave corresponding to the reduction of -NO, group to
-NHOH and NHOH to -NH, group. The limiting current
of the second wave in acidic solutions of pH4.1 - 6.1
was, however, nearly same as that of the second wave
noticed in the alkaline solutions of pH 8.1 - 10.1 . This
suggests that all of the hydroxylamine formed was not
protonated since it was the protonated species that has
reduced. A similar type of observation is reported for
meta nitrobenzaldehyde [34].

Reduction of the azomethine group

The third wave noticed in the present investigation
was ascribed to the four electron reduction of azomethine
group (CH=N-NH). The azomethine group in a-f was
protonated to yield protonated azomethine. The weak
(=N-NH) single bond of the hydrazide was then cleaved
[35, 36] with the uptake of two electrons and two pro-
tons to form an imine intermediate. The strength of the
acid or alkaline medium employed for these reductions,
was approximately 0.4 %. Hence, it was not possible
for the exocyclic amide linkage (O=C-NH-N) to be
affected. The unstable imine intermediate produced in
the above process was then reduced to an amine in a two
electron process. It was reported [37, 38] that the above
mentioned two steps of reduction occured at the same
potential and supports the appearance of a single four
electron wave, as shown in the Scheme 1.

The compounds under study exhibit four waves
in the pH range 8.1 - 10.1.

The position of the wave on the potential axis indicates
that the first wave was ascribed to the two electron reduc-
tion of azo group to hydrazo stage and the second wave was
attributed to a four electron reduction of the nitro group to
phenyl hydroxylamine. In an alkaline medium (pH > pKa)
the azomethine group exists in the azomethine anionic form
and the latter was undergoing a chemical cleavage partially
in alkaline solution to the corresponding carbonyl com-
pound, as shown in Scheme 2. The azomethine anionic
form and carbonyl group were susceptible to reduction
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at the dropping mercury electrode. Therefore the third
wave observed in present studies, has been ascribed to
the four electron reduction of the azomethine anionic
form to amine stage. A decrease in the height of the
third wave with increase in pH lends support to this
conclusion. The fourth wave observed was attributed
to the two electron reduction of the carbonyl group to
the carbinol stage.

Cyclic voltammetric behaviour at HMDE

The cyclic voltammetric experiments were conduct-
ed at the hanging mercury dropping electrode (HMDE)
in buffer solutions of pH 2.1, 4.1, 6.1, 8.1 and 10.1 at
different scan rates, 10 mV s, 20mV s, 50 mV s ,100
mV s, 200 mV s, 300 mV s and 500 mV s . Well
defined cathodic peaks were observed at all scan rates.

The compounds under study (a-f) exhibit three
cathodic peaks in the solution of pH 2.1 - 6.1 and four
cathodic peaks in solutions of pH 8.1 - 10.1. The results
are presented in Table 5.

Aplotofi /v"?vs sweep rate was a straight line par-
allel to the sweep rate axis, it was contrary to behavior of
areversible system [39, 40]. The irreversible electrode
process was characterized by:

e dependence of peak potential on sweep rate [41],
i.e. peak potentials become more negative with increase
in scan rate;

e the ratio of anodic peak current to cathodic peak
current was not equal to unity [42];

e the absence of anodic peak in the reverse scan.

The above mentioned facts clearly rule out the possi-
bility of a fast electron transfer characteristic of a revers-
ible behavior. The linear plots of ich versus v” suggest
a diffusion controlled nature of the electrode process.

Reduction mechanism

From the position of the peak on the potential
axis, it was observed that the first peak obtained in
acidic solutions, was due to the reduction of azo
group to hydrazo stage, the second peak to the reduc-
tion of nitro group to amine stage and the third peak
- to reduction of azomethine group to amine stage.

In the alkaline medium, the first peak was at-
tributed to the reduction of azo group to hydrazo
stage, second peak to the reduction of nitro group to
the hydroxylamine stage and the third peak - to the
reduction of azomethine anion to the amine stage
and the fourth peak was attributed to the two elec-
tron reduction of carbonyl group to carbinol stage

which was formed by the chemical cleavage of the
azomethine anionic form. The protons required for
the reduction have been taken from the aqueous
solutions.

The number of cathodic peaks, noticed for com-
pounds (a-f) in cyclicvoltammetric studies at HMDE,
was the same as that in the polarographic studies
conducted under similar experimental conditions
at the dropping mercury electrode.

Cyclic voltammetric behavior at MCPE

The cyclic voltammetric experiments were con-
ducted using a crown-ether modified carbon paste
electrode (MCPE) in solutions of pH 2.1, 4.1, 6.1, 8.1
and 10.1 at different scan rates, 10 mV s, 20 mV s,
50 mV s'100 mV s, 300 mV s and 500 mV s*'. The
results are shown in Table 6.

Three well defined cathodic peaks were observed
at the higher sweep rates (100 mV s, 300 mV s and
500 mV s') and ill defined cathodic peaks were noticed
at the lower sweep rates (10 mV s!, 20 mV s and 50
mV s™) in solutions of pH 2.1 - 10.1.  The results are
presented in Table 6.

Nature of electrode process

The irreversible nature of the electrode process is
characterized by:

e dependence of the peak potential on the sweep
rate,

o the plot of E /v % vs sweep rate was a straight
line, parallel to the sweep rate axis,

e the absence of anodic peak in the reverse scan,

e the negative shift in the peak potential with in-
crease in sweep rates,

o the shape of the i /v versus v plot is in accord-
ance with the Nicholson and Shain criteria Mechanism I1.

12 suggest a diffusion

The linear plots of i _ versus v
controlled nature of the electrode process and the same
is further confirmed by a linear plot of ipC Vs concentra-
tion passing through the origin. The plots of Epc vs pH
were similar to the E , vs pH plots and this supported

the findings of DC polarography.

Substituent effect on the polarographic be-
haviour

The effect of a substituent on the polarographic
reduction of (2-methyl-5-nitro-4-substituted
phenylazo-imidazol-1-y1)-acetic acid benzylidene-
hydrazide was studied. The substituent effect was
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Table 7. Effect of pH on specific rate constant.

pH 2.10 4.10 6.10 8.10 10.10
p (Polarography) 0.42 0.50 0.50 0.56 0.56
p (CV at HMDE) 0.40 0.50 0.53 0.70 0.70
p (CV at MCPE) 0.27 0.54 0.58 0.68 0.68

noticed on the polarographic reduction of the azo
group to hydrazo stage. The substituent effect was
not noticed for the polarographic reduction of the
nitro group and the azomethine group, because the
substituent was far away from the electroactive cent-
ers. The specific reaction constant (p) determined
for the reduction of the azo group was in the range
0of 0.35 - 0.50. The specific reaction constant values
were all positive and low, indicating the nucleo-
philic addition of the electrons to the substrate. This
confirms that the electron uptake was the potential
determining step. The same conclusion is drawn using
cyclic voltammetry at HMDE and MCPE. The results
are given in the Table 7.

Comparison between polarographic behavior
and cyclic voltammetric behavior

The compounds a-f exhibit three well defined po-
larographic waves in the buffer solutions of pH 2.1 - 6.1
and four polarographic waves in the solutions of pH
8.1 -10.1. In the cyclic voltammetric studies at HMDE,
the number of cathodic peaks were the same as that of
polarographic waves at the dropping mercury electrode.
However, quite a different behavior was noticed with
the crown-ether modified carbon paste electrode under
similar experimental conditions. The first polarographic
wave, noticed in the solutions of pH 2.1 - 10.1, was
ascribed to the two electron reduction of azo group to
hydrazo group. This wave itself manifests as the first
cathodic peak at HMDE and modified CPE. The sec-
ond polarographic wave was attributed to a six electron
reduction of NO, to NH, in acidic solutions and a four
electron reduction of NO, to NHOH in basic solutions.
The second wave was noticed as a second cathodic peak
at HMDE and at the modified carbon paste electrode.
The third polarographic wave was attributed to four
electron reduction of azomethine group (>*C=NNH) to
amine stage. This wave appeared as one cathodic peak at
HMDE and two cathodic peaks at modified carbon paste
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electrodes in solutions of pH 2.1 - 6.1. The third polaro-
graphic wave which had appeared as third and fourth
cathodic peaks at the modified carbon paste electrode,
was attributed to two 2 electron reduction of azomethine
group in two steps. In the first step, azomethyl is reduced
to an unstable imine, which further undergoes 2 electron
reduction to amine.

In solutions of pH 8.1 - 10.1, the compounds a-f
exist, in azomethine anionic form. The latter in alkaline
solutions was susceptible to chemical cleavage, partially
into the corresponding carbonyl compound. The car-
bonyl compound further undergoes 2 electron reduction
to carbinol stage. In polarographic studies four waves
were noticed and the same number of cathodic peaks
was noticed in the CV studies at HMDE. In contrast
to this behavior, five cathodic peaks are noticed at the
modified carbon paste electrode.

The third polarographic wave was attributed to a
four electron reduction of >C:N—§— to amine stage.
This wave has appeared as a third cathodic peak in the
CV studies at HMDE. However, the same wave has ap-
peared as two cathodic peaks (third and fourth) in the CV
studies at the modified CPE. The fourth polarographic
wave is due to a two election reduction of the carbonyl
group to the carbinol stage. It appeared as a fourth peak
in the CV studies at HMDE and as a fifth peak in modi-
fied CPE studies.

CONCLUSIONS

The polarographic and cyclic voltammetric
behavior of certain novel (2-methyl-5-nitro-4-sub-
stituted phenyl azo-imidazol-1-y1)-acetic acid
benzylidene-hydrazides were reported in this article.
The polarographic behavior studied at a hanging
mercury drop electrode was compared with the
cyclic voltammetric behavior at HMDE and MCPE
to deduce a plausible reduction mechanism in acidic
as well as in a basic medium. The reduction process
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was found to be irreversible and diffusion controlled
and involved protons.
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