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Electrochemical Behaviour of Bisazo Dye, Acid Red-ISO
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1 The electrochemical behaviour of Acid Red-150 has been studied in the pH range of 2.2-11.2. Unlike the reduction of
bi,azobenzene to bishydrazo-benzene, the reduction of azo group attached to napthol moiety in this dye takes place in a
(4t, 4H + ) reduction step to give amino compound as product of electrode reaction. The products of electrolysis have been
separated and identified.
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An exc~llent review is available on the polarographic
reducti~n of azo dyes in aqueous and non-aqueous
media 1•However, most of the studies are confined to

the red~ction of monoazo compounds and very little
is knowp about the azo compounds containing two
azo gro*ps and hence the title investigation was un­

dertake*.

Materi~S and Methods

Acid ed-150 (I)(Sigma Chemical Co) was used as
receive. Its stock solution (2 mM) was prepared in
doubly istilled water. Universal Britton-Robinson2
buffers ( H 2.2-11.2) were used. The pH was mea­
sured us g an ECIL expanded scale pH meter (mod­
el pH 8 1) after due standardisation with potassium
hydroge phthalate and borax buffers.

Polar rams were recorded on a Cambridge pen
recordin polarograph. The capillary used had the
followin characteristics: m = 1.25 mgs - 1, and
t = 3.90 t h = 60 cm.

For re ording polarograms and voltammograms 1
mI of the tock solution of the dye was mixed with 9.0
mI of bu er of appropriate pH under total nitrogen
blanket. oltammetric studies were carried out using
Microni9 cyclic voltammeter and a digigraphic X, Y-t

recorde~ ~The details of instruments used for spectralstudies l$ve been described elsewhere3. Pyrolytic

graphite flectrode was prepared by the method re­ported e'lier4• It had an area - 1.8 mm2• All poten­
tials refell to SCE at 25°C.

I

Controll~ potential electrolysis and product identifi­

cation ~'
Contro ed potential electrolysis of 1 mM solution

of the dye, as carried out in a three-compartment cell

at potenti~l more negative to peak Ic or IIc or at theplateau pqtential of the first or second polarographic
wave. TM working electrode was pyrolytic graphite
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plate (area 6 cm2) or mercury pool, counter electrode
was the cylindrical platinum gauze and the reference
electrode was a saturated calomel electrode. Nitrog­
en was bubbled throughout electrolysis and progress
of electrolysis was monitored by recording cyclic vol­
tammograms at different intervals of time until the re­
duction wave completely disappeared.

For the separation and identification of products,
the dye (8-10 mg) was electro lysed in a H-type cell. At
Hg pool, plateau potential corresponding to first or
second wave was applied and at pyrolytic graphite
electrode potential more negative to peakIc or lIe was
applied. When electrolysis was complete ( - 99%) the
electrolysed solution was made sufficiently acidic and
lyopholised. The freeze-dried material was dissolved
in water {1-2 mI) and passed through a glass column
(70 x 1.6 cm) packed with sephadex G-1O (Sigma
Chemical Co) using doubly distilled water as the elu­
ent. Different fractions (10 mI each) were collected.
The absorbance of each tube was monitored at 215

nm and was plotted against volume. The first peak
(volume 50- 200 mI) contained phosphate, borate and
acetate, hence was discarded. Other three peaks in the
volume ranges 200-270, 280-350, 360-450 mI, re­
spectively were collected separately, freeze-dried
and analysed. TLC of electrolysed solution was carri­
ed out on silica gel-G plates using methanol-acetic ac­
id-benzene (80:10:10) as developer.

Results and Discussion
Polarographic behaviour

Polarographic reduction of Acid Red-150 oc­
curred in one well-defined diffusion-controlled wave
below pH 5.5. In the pH range of 5.6-8.0, the wave
splitted into two waves and the limiting current of the
first wave was almost 1/3 of the second wave. At pH
> 8.0, two waves of equal height were observed. The
natu:-e of the waves was found to be diffusion-con-
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Fig. 1-Cyclic voltammograms observed for 0.2 mM Acid Red­
150 atPGE. Sweep rate 150mVs-1

pendent on pH and shifted towards more negative
potential with increase in pH. Cyclic sweep vol­
tammetry at ~sweep rate of 100 mVs -1exhibited two
reduction peaks Ie and llc, when sweep was initiated
in the negative direction. In the reverse sweep, three
oxidation peaks were observed. On the second sweep
towards positive potential two new cathodic peaks
(mc and IYc)were noted (Fig. 1).To confirm whether
oxidation peaks are due to the oxidation of products
formed inIe/llc reaction or are due to an independent
oxidation of Acid Red-150, cyclic voltammograms
were also recorded by initiating the sweep in the posi­
tive direction. The absence of oxidation peaks clearly
indicated that peaks ma-Va are due to oxidation of
the product formed in Ie/llc reaction.

At pH 8.6 where two reduction peaks werewell-de­
fined, cyclic voltammograms were recorded by
changing the direction of the sweep after peak Ic. The
peaks ma-Va and reduction peaks IYc and Vc were
not visible, indicating that these peaks are obserVed
only after complete reduction of the dye. Peaks llIaI
mc and IYa/Nc formed an irreversible couple and
were observed clearly only at a scan rate > 100
mVs - 1. The peak potential of the reduction peaks Ic
to IYc was dependent on pH and shifted towards
more negative potential with increase in pH. On the

... (1)

... (2)

Table I-Polarographic Characteristics of Acid Red-

rO~A
150 in BR buffers of different pH pH

(- £112)id an
(V)

(itA)
log plot

Oldham's
method

method

2.2

0.222.621.101.12
3.4

0.262.621.001.16
4.4

0.342.690.901.00 ~
5.5

0.452.541.120.98
-c

~6.4
0.320.8250.960.98 ~0.48 1.5000.981.06 z

UJ7.2 0.370.7501.130.98 a:
a:0.54

1.6501.081.08 :;)u8.6
0.441.2751.121.06

0.65
1.3500.960.96

10.0
0.521.3501.001.10

0.70
1.2751.101.14

11.2
0.581.2751.141.12

0.73
1.2751.121.12

Linear and cyclic sweep voltammetry
Linear sweep voltammetry at a sweep rate of 5

mVs- 1 exhibited one well-defined reduction peak in
the pH range of 2.2-11.2. The pe~ potential was de-

The limiting current of the wave < 5.5 was practically
equal to the sum of the limiting current of the two
waves at pH > 5.5. This indicates that overall elec­
trode reaction is the same in the entire pH range. The
effect of dye concentration on E1I2 and limiting cur­
rent was studied in the dye concentration range of
0.05-1.0 mM. The id versus concentration plot was
linear passing through the origin indicating that this
dye can be safely estimated in this concentration
range by polarographic method. However, E1/2 shift­
ed towards more negative value with increase in dye
concentration showing irreversible nature (also con­
firmed by log plot analysis5) of the electrode process
and possibl~ role of adsorption5• The values of an
were determined by log plot analysis as well as the
method of Oldham and Perry6. The values of an de­
termined by the two methods at different pH values
are practically same (Table 1).

trolled as evidenced by idversus Jh and low tempera­
ture coefficient value (1.2% deg - 1). The E1I2 was de­
pendent on pH and shifted towards more negative va­
lue with increase in pH. The plots of EU2 versus pH
were linear for both the waves and can be represented
by Eqs (1) and (2),

( - E1I2)1 = [0.054 pH + 0.02]

( - E1/2h = [0.066 pH + 0.09]
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other ltand peak potentials of oxidation peaks IDa toVa alsb shifted towards less positive value with in­
creasd in pH.

Co~trolled potential coulometry of Acid Red-150was cairried out at mercury pool cathode and at pla­
teau p~tential of first or second wave. Below pH 5.5,
where pnly one wave was observed the value of n de­
teI'll1inkx1by graphical integration of current-time

curvet' as found to be 8.0 ±0.2. In the pH range 5.6­

8.0 the first wave involved 2.0 ± 0.1 electrons where­
as sec d wave involved 6.0 ± 0.2 electrons. This ob­
servati n was in accordance with the observed limit­

ing currents for the first and second wave. At pH >

8.0, jtwo waves involved 4.0 ±0..15 electrons as

confi ed by practically same equal limiting cur­
rents. he values of nwere also determined usingpyr­
olytic aphite plate. At pH < 8.0, the first peak was

not vettYwell-defined; hence the value of n deter­mined ~t potentials more negative to peak TIc was
foundt be8.0±0.15.AtpH> 8.0,thevalueofnfor
the pe s Ie and TIc,was 4.0 ± 0.3 electrons each. The
large d viation in n-value from the average value at
pH > 8 0 may be due to the fact that the potential ap­
plied fo peak Ie also contributed partially to peak IIc,
as the p tentials of peaks Ie and TIcare very close.

The rogress of electrolysis was monitored by re­
cording yclic voltammograms at different time inter­
vals.O applying potential corresponding to peakIIc,
a syste atic decrease in peaks Ie and TIc was ob­
served. ereas the peaks IDa to Va and IDc, IVc
were cl ly visible in exhaustively electrolysed solu­
tion. A clic voltammogram of exhaustively electro­
lysed so ution at pH 3.4 is presented in Fig. 2D. This
vol ogram did not change even when the electro­
lysed so tion was left at room temperature for sever­
al hours Thus it is concluded that product or pro­
ducts of lectroreduction are electroactive in nature.
Similar ehaviour was observed at pH 7.0 and 10.6.

The p ogress of electrolysis was also monitored by
UVlvis s ectra at different interval of times. The UVI
VIS spe ra of Acid Red-150 in the entire pH range,
exhibit A. ax at 235, 356 and 513 nm, indicating that
the dye xists as a neutral species in the entire pH
range s ied. At pH 6, upon application of potential
more ne ative to peak IIc, absorbances at 356 and
513 run s stematically decrease whereas the absorb­
ance at 2 5 nm increases. After about 3 hr of electro­
lysis the bsorbance at 235 nm reaches a maximum
whiletho eat356and513nmreachminimumvalues.
These 0 ervations show that no intermediate with
sufficient half-life is generated during electrooxida­
tion of th dye.

Product /~entification

The pr~ducts of electro reduction at pH 3.0, 6.0 and
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Fig. 2-Cyclic voltammograms observed at pH 3.4 fOf (A) Acid
Red-ISO, (B) aniline, (C) p-phenylenediamine, (D) exhaustively

electrolysed solution of Acid Red-ISO at pH 3.4.

10.2 at mercury pool or at pyrolytic graphite elec­
trode were characterised as follows: The volumes ob­

tained corresponding to three peaks in liquid chrom­
atography over sephadex G-l 0 were lyopholised and
analysed by TLC, m.ps and IR spectra. The volumes
200-270 (peak 2), 280-350 (peak 3) and 360-450
(peak 4) ml were lyopholised and exhibited ~ values
0.65,0.47, and 0.19 respectively. Thus itis clear that
three products are formed during complete elec­
troreduction of the dye.

The product with ~ 0.65 (peak 2) was identified as
aniline by comparison (~ and IR) with an authentic
sample. The product with ~ 0.47 (peak 3) had the
m.p. 2900• The IR spectrum of this product exhibited
peaks corresponding to S03H (10 30, 1100 cm - 1)and
phenolic OH (1250,1360 cm-1). Based on this the
product should have structure similar to l-amino- 2­
hydroxynaphthalene-3, 6-disulphonic acid. This
product could not be completely identified at this
stage due to non-availability of its authentic sample.

The product with Rf 0.19 (peak 4 ), melted at 1400
and exhibited in its IR spectrum bands at 820, 1120,
1260,1300,1500 3nd 1600 cm -1. This product was

, I 1'1' '1·'I<li
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identified as p-phenylenediamine by direct compar­
ison with an authentic sample.

Hence it is clear that the products of complete e1ec­
troreduction of Acid Red-ISO are aniline, p­
phenylenediamine and l-amino- 2-hydroxynaphtha­
lene- 3,6-disulphonic acid.

The formation of aniline and p-phenylenediamine
was further confirmed by recording cyclic voltammo­
grams of authentic samples. of aniline and p­
phenylenediamine, which have been reported elec­
troactivein nature 7.8. It was interesting tobbserve that
aniline exhibits peaks ma, Va and mc as reported in
literature9•1oand p-pheylenediamine gives peaks Wa
and Wc at the same potentials as observed for the dye.
Cyclic voltammograms of Acid Red-ISO, p­
phenylenediamine and aniline at pH 3.4 are present­
ed in Fig. 2, for comparison.

The products corresponding to (4e, 4H+) reduc­
tionofthe dye (I)were also characterised at neutral and
alkaline pH, where two waves in polarography and
two peaks in cyclic voltammetry with equal limiting
currents were observed. For this purpose the dye was
reduced at peak Ic potential or plateau potential of the
first wave. The TLC of this solution gave two spots
withRr= 0.47 and 0.56 thus indicating that (4e, 4H+)
reduction of the dye gives two products. The spot with
Rr 0.47 indicates the formation of l-amino-2­
hydroxynaphthelene-3, 6-disulphonic acid as ob­
served earlier. Cyclic voltammogram of this solution
was recorded by initiating the sweep in the positive di­
rection. The absence of oxidation peak IDa-Vaand re­
duction peaks IDc-Wc clearly indicate that 4e, 4H+
reduction of the dye does not give aniline or p­
phenylenediamine as the product. Thus (4e, 4H +)re­
duction causes cleavage of bulky naphthol moiety to
give l-amino-2-naphthol-3, 6-disulphonic acid (so­
dium salt) and 4-aminoazobenzene.

Redox mechanism
On the basis of the results obtained, it is clear that

the dye undergoes reduction by 8e, 8H + process at
d.m.e and pyrolytic graphite electrode in the pH range
of2.2-11.2. The (4e, 4H+ )reduction in neutral and al­
kaline pH ranges does not indicate the formation of
aniline and p-phenylenediamine. It can be safely con­
cluded that reduction of - N = N- attached to bulki­
er naphthol moiety takes place easily in comparison
to azo group attached to phenyl moiety.

As the final products of electroreduction are ani­
line, p-phenylenediamine and l-amino-2-naphthol­
3, 6-disulphonic acid it is clear that electroreduction
of the two azo groups does not stop at hydrazo stage
but further reduction of hydrazo group in II takes
place to give amino compounds as the ultimate pro­
ducts (Scheme I ).The first (4e, 4H +)reduction of the

OH 50:!N~

@-N=N-@-N=N~(I) ~

I. S03N~

2.+2H

OH SOJN~

@-N=N -@-NH-NH-<CS>(]I) ~

j2.+2H' SOJN~OH SO:!N~

@-N=N~H2 + H2N-@<III) ""~

14• + 4H' (/V ) SO:l~

@-NH2 + H2N-@-NH2
Scheme 1- Tentative mechanism proposed for the

electroreduction of Acid Red -150.

dye causes cleavage of - N = N - to give p­
aminoazobenzene (m) and aminonaphthol moiety
(W). Further (4e, 4H +)reduction causes the cleavage
of second - N = N - to give aniline and p-phenylene­
diamine as the products.

Previous results12 reported in literature indicate
that electroreduction of bisazodyes occurs by first
taking (4e, 4H +)to give bishydrazo derivatives. Bisa­
zobenzeneand similar dyes have been reported 13,14to
form bishydrazobenzene at d.m.e. Further (4e, 4H +)
reduction of bishydrazo derivatives is reported to
give amino compounds as the products of reduction.
However, in our case bishydrazo derivative is not
formed,rathercleavageat - N = N - attached to bul­
kier naphthol moiety takes place. This difference in
behaviour can be due to steric hindrance to coplanar­
ity15.16in the molecule, due to the bulkier naphthol
group, thereby facilitating cleavage via - N = N - . It
has also been observed that reduction potentials at
pyrolytic graphite are 250 to 500 mV more negative
in comparison to that at d.m.e. This behaviour can be
explained on the basis of adsorption on the solid elec­
trodesl7• The solid electrodes also do not permit the
free orientation of the species undergoing reduction
and hence the potentials observed are always more
negative in comparison to those at d.m.e.
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