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POLAROGRAPHIC AND CYCLIC VOLTAMMETRIC BEHAVIOUR
OF SOME AZO COMPOUNDS DERIVED FROM SULFONAMIDE
IN DMF-AQUEOUS SOLUTIONS
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The polarographic and cyclic voltammetric behaviour of (2-hydroxyphenylazo)-4-benzene-
sulfonamide and some of its derivatives have been studied in Britton-Robinson buffer series
containing 30 vol, % of DMF. Over the entire pH range (2— 12), the reduction pathway occurs
through an irreversible 4-electron step corresponding to the reduction of N=N center to the
amine stage. The voltammograms recorded in acidic and alkaline solution at different scan
rates exhibit one or two cathodic peaks depending on the substituent and the pH of the medium,
The electrode reaction mechanism was suggested, also the kinetic parameters were calculated.

Azo dyes and Schiff bases derived from sulfonamides have acquired wide interest
in application to biological systems' 2 and electrochemical studies*~¢. Although
the electroreduction of azo compounds drew the attention of many workers, yet it
seems: that little attention has been paied to the electrochemical behaviour at a mer-
cury electrode of those derived from sulfanilamide. Accordingly, the present
article is devoted to study the electroreduction of these compounds using DC-polaro-
graphy and cyclic voltammetry techniques.

EXPERIMENTAL

The azo dyes of sulfonamide derivatives were prepared by coupling the diazotized amine with
m- or p-substituted phenol derivatives in sodium hydroxide medium’, The crude products were
then recrystallized from the proper solvent. Elemental and structural analysis confirmed the
genéral formula shown below.

OH

Z

/,Z=4~-0H vV,2=5-8r
I, Z=5-0CH, V,Z=5-COO0H
M, Z=4-N(CH,), VI Z=5-CHO

* Author to whom correspondence should be addressed.
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A series of Britton-Robinson buffers (pH 2—12) was used as supporting electrolyte. The
prepared solutions were checked using a digital pH-meter ORION RESEARCH model 601A.
The calculated volume of stock solution (5. 10~3 mol dm™3) of the depolarizer was introduced
into the electrolysis cell with a final concentration 1-25 . 10~* mol dm ™3 containing 30 vol. %
of DMF. A stream of pure nitrogen gas was bubbled for 10 min through the mixture to remove
oxygen traces.

The polarograms were recorded using a Metrohm polarograph model 663 VA stand with
X-Y recorder model 626 and Ag/AgCl as a reference electrode. A polarographic Analyzer model
264A (PARC) and the electrode assembly model 303 A with hanging mercury drop electrode
(HMDE) of area 2-6. 10~ 2 cm?® as working electrode, a platinum wire as counter electrode
and Ag/AgCl as a reference electrode were used for cyclic voltammetry measurements. X-Y
recorder model RE0089 (Houston Instruments) was used for recording the voltammograms.
A coulometric system model PARC-380 with a mercury pool cathode was used in determining
the number of electrons consumed in the reduction process.

RESULTS AND DISCUSSION

DC-Polarography (Tast Mode)

The polarograms of 1:25.10"* moldm™* of the azo compounds I—VI were re-
corded in Britton-Robinson buffer solutions of pH 2—12 containing 30 vol. % of
DMF. For all compounds except VI, the polarograms exhibit a single wave with
a limiting current corresponding to a four electron consumption as shown in Fig. 1
for the compound IV. On the other hand, the polarograms of compound VI are
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FiG. 1
DC polarograms of 1-25. 10" * mol1™! of compound IV (5-Br) in 30 vol. % of DMF buffer
solutions at different pH values 1 3:22, 2 4-0, 3 5-15, 4 6:06, 5 7-18, 6 8-05, 7 9-03, 8 10-00, 9
11-80
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composed of two waves of unequal height. The height of the first wave is almost
twice that of the second one. In comparing this compound with the other, it is
concluded that the first wave represented the electroreduction of the N=N center,
whereas the second wave is due to the reduction of the electroactive (-CHO)
group® 1% However, in solution of pH > 7, the reduction wave of compound I
splits into two waves of unequal heights, the iy of the second wave increases while
the iy of the first wave decreases on increasing the pH of the electrolysis solution
within the pH range 7— 11 confirming an acid-base equilibrium!!.

The effect of mercury pressure on the limiting current denotes that the reduction
process is mainly diffusion-controlled with a slight adsorption contribution, since
the values of the exponent x in the relation iy = Kh* at different pH values equal to
0-47—0-62 (ref.'?). The analysis of the polarographic waves applying the fundamental
equation'? indicates that the electrode process proceeds irreversibly, since the values
of the transfer coefficient (o) are found to be less than 0-7 at n, = 2'0 as illustrated
in Table I, n, is the number of electrons involved in the rate-determining step.
The half-wave potentials (E;,,) display a cathodic shift on increasing the pH of the
medium. This behaviour means that hydrogen ions are consumed in the reduction
process and the proton transfer preceeds the electron uptake'!. The plots of E;,
values vs pH yield straight lines consisting of one or two segments. From the slopes
of logarithmic analysis (S,) and those of E,,,—pH plots (S,), the number of protons
(Z%) participating in the rate-determining step was calculated!® and found to be
unity (Table I). Thus, the rate-determining step should involve one proton and two
electrons.

Cyclic Voltammetry

The voltammograms of all compounds (except VI) exhibit one or two peaks in the
cathodic scan in acidic and alkaline solutions, respectively, which represent the
reduction of the N=N center in one or two steps, depending on the acidity of
electrolysis solution, Fig. 2 represents the C. V. of compound IV at pH 3-8. How-
ever, in case of the azo compound VI an additional cathodic peak is observed
(Fig. 3) which represents the reduction of the electroactive (-CHO) center. These
results are in a good agreement with those obtained from DC-polarography. The
variation of the peak potential (Ep) with scan rate, reveals that the reduction process
was irreversible. On the other hand, the plotting of peak current (i,) vs square root
of scan rate (v'/?) applying the equation'*.

i, = 3-01.10%n(an,)!/? 4ADV/2C%1/2 1
P

gives straight line passing through origin confirming that the electrode reaction is
mainly diffusion-controlled'#. The anodic peak appearing in the reverse scan (anpdic
direction) may be attributed to the formation of hydrazo intermediate’S.
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Mechanism of the Electrode Reaction

In order to investigate the reduction pathway of the azo compounds (I—VI) at
mercury electrode, the total number of electrons involved in the reduction process
have been calculated using Ilkovich equation. The values of the diffusion coeffi-

TaBLE I
Data obtained from DC-polarography

; £y 001 oH
Compound pH u; (A g};l:g,cl) an, rHK/' P zg @
mV
I
2:25 062 028 61 45 074 048
609 060 0-36 87 70 0-80 034
10-12 0-08° 0-57° 567 60° 1-07° 0-53°
054 109 61 75 123 048
1
2:03 060 014 72 53 074 0-41
606 0-55 0-33 80 53 0-66 037
10-00 0-51 0-56 70 53 076 0-43
1l
2:03 0:58 019 72 61 0-85 0-41
606 052 0-46 83 61 073 0-38
10-00 0-45 064 83 52 063 0-35
v
322 0-55 022 59 55 094 050
606 0-50 0-38 72 55 078 0-41
10-00 0-45 060 73 55 077 0-40
14
203 069 0-13 66 56 0-85 0-45
606 0-64 0-33 81 56 069 036
10-00 0-58 0+55 67 56 0-84 0-44
1%
3-10 0-59 0-24 73 53 073 0-41
6-40 0-549 0-35° 744 534 0-72° 0-40°
0-30 1-38° 63° 65° 1-05? 0-47°
10-34 0:46° 1-15° 79°  170° 2:15° 0-38%
030 1-64° 65° 127 1-95% 0-46°

% First wave; ? second wave.
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1

cients of the depolarizers in units cm?s™! were calculated using the following

equation'$,
| D® = 322,107 5/(V)'? )

knowing the molar volume V,, of the depolarizer species. The obtained D° cor-
responded to the depolarizer values in aqueous solutions. In the present work,
30 vol. ¢, of DMF was used. Thus, the viscosity of the medium should be taken
into account. The corrected value of D° was calculated and found to be 2:6.
.107%cm?s™ !,

By substituting the D° values in Ilkovich equation, it was found that four electrons
were consumed in the reduction of N=N centre of the present azo compounds in
alkaline and acidic solutions. For compound VI, the number of electrons calculated
for the second wave (-CHO group) was found to be 2 electrons.

It should be noted that the above results were confirmed by controlled potential
coulometry using a mercury pool cathode. The accumulated charge (Q) was taken
directly from the digital coulometer at a potential corresponding to the limiting cur-

500 mV/s
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E,V vs Ag/AgCl

Fic. 2 FiG. 3
Cyclic voltammograms of 0-1 mmoll~™! of Cyclic voltammograms of 01 mmol1~! of
compound IV in 30 vol. % of DMF buffer compound VI in 30 vol, % of DMF buffer
solutions at pH 3-8 for different scan rates solutions at pH 3-8 for different scan rates
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rent. Applying the following equation:

nFW

= , 3
0="0t o
where Wis the weight of the sample (grams) and M its molecular weight. The average
number of electrons (n) was found to be four electrons in both acidic and alkaline

TasLE 11
Kinetic parameters calculated using DC-polarography

Ky AG*
Compound pH ems-1 xJ mol =1
I
2:25 2:05.10"4 212'3
609 594,105 2253
10-12 4.99.1077° 275-5°
4.25. 107112 373-7°
I
2:03 694.1073 17541
606 496,107 ° 226'9
10-00 592.10°° 3219
1l
2:03 1116 . 1073 1939
606 647.1077 272:5
10-00 540,.107° 322-7
3%
322 4-05.1074 2052
606 274,107 2575
10-00 2:30.1077 280-9
1%
2:03 1:02. 1072 171-4
600 331.107° 2353
10-00 506.10° 3235
Vi
310 4-19. 10" 204-8
705 1-55.10°5¢ 239-5°
221,107 477-4°
10-34 506,107 134 420-1°
1-96 . 10~ 19% 575-2°

b

4 First wave; ° second wave,
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solutions. But in case of compounds V7, 6 electrons (e.g. N=N and ~-CHO groups)
were obtained at a potential corresponding to the total limiting current.

Thin layer chromatography was applied on the completely electrolyzed solutions
of compounds I and VI to characterize the products of the reduction process. The
solution was firstly concentrated and the buffer ingredients were removed by ex-
tracting the slurry with ether. On comparing the TLC of the etheral extract in petro-
leum ether-ethylacetate mixture with authentic sulfanilamide sample, it was found that
the sulfanilamide is one of the main electrolysis products. It is concluded that the
reduction process involves the cleavage of the -N=N- bond through the uptake
of four electrons. For compound VI, six electrons were consumed in the reduction
process, four electrons for the cleavage of the N=N centre. This means that the
remaining two electrons are consumed in the reduction of the (~CHO) group. Based
on the foregoing results, the reduction mechanism can be suggested as represented
in Scheme 1.

CH OH

/
§ >—N=N—®~soz~ﬂl == N=rli—©—sozunz
4 // " z H

OH : OH
N=§—-®~SOZNHZ + 26 + H e @‘NH—NH-@—SO:NH:
z H z

OH OH
@NH—NH—-@—S%NHZ +2ew M — @-—NHZ + HZN—O—SOINHI
z z

(E=E,=E,) identified produc'

OH OH
- +
NH, + 2¢” + 2H —(T])—.

OHC CH,GH

SCHEME 1

On the other hand, the heterogeneous rate constant (K¢ ,) and energy of activation
(AG*) of the electrode reaction were calculated from DC-polarography wave (tast
mode) using Koutecky'!” and Heyrovsky'® equations. The calculated values are
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given in Table II, it is concluded that (K?,) decreases on increasing the pH of the
electrolysis medium showing a more difficult electron transfer. This behaviour may
be supported by the increasing of the (AG*) as the pH increased.

The authors wish to thank Prof. M. M. Ghoniem, Tanta Univestiy, for his kind assistance and

Dr M. Gaber of the same University for his help in preparing and characterization the azo com-
pounds,
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