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Abstract- The electrochemical oxidation and reduction behavior of Acid Blue 25 (AB 25) at
carbon paste electrode (CPE) was investigated by employing cyclic voltammetry (CV) and
differential pulse voltammetry (DPV) techniques. AB 25 was an anthraquinonic and anionic
dye and it gives two reversible redox systems at potential values ≈0.2 V and ≈0.56 V
respectively. The effect of pH on the anionic dye was studied and it was conformed that the
pH-7.0 of phosphate buffer solution (PBS) was the suitable supporting electrolyte for further
studies. We have studied the effect of accumulation time, scan rate, concentration, and
repeatability. We have proposed a mechanism for the redox behavior of AB 25. It was
conformed that one system at 0.2 V was diffusion controlled, where as the other system at
0.56 V was controlled by adsorption process. We have determined the limit of detection
(LOD) and limit of quantification (LOQ) values as 3.248×10-8 M and 10.22×10-8 M
respectively. By using electrochemical impedance spectroscopic (EIS) study we have
observed the surface nature of the different electrodes.
Keywords- Acid Blue 25, Cyclic voltammetry, Differential pulse voltammetry,
Electrochemical impedance spectroscopy, Carbon paste electrode
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1. INTRODUCTION
Dyes are colored compounds, which were used to give away color to various substrates,
including leather, paper, hair, drugs, cosmetics, waxes, greases, plastics and textile materials
[1,2]. The oldest known dye is Indigo and it was used to mummy clothes by the ancient
Egyptions [3]. In general the dyes are chemically bonded to the substance and become a part
of the material on which it was applied. The structures which was necessary for color were
called as chromophors, the color change was due to π-π* and n–π* transitions in the
unsaturated double bonds, if the color intensity of the molecule enhances by the presence of
other groups, then these groups are called as auxochromes [4].
In our daily life the usage of dyes was increased more rapidly because of its wide range of
applications. The dyes are toxic in nature, and water gets contaminated with effluents eluted
from the industries [5,6]. The water contamination with dyes causes severe health diseases
[7]; hence selective determination, separation and quantification of dyes are of importance
[8]. AB 25 (1-amino-9,10-dihydro-9,10-dioxo-4-(phenylamino)-2-anthracenesulfonic acid,
monosodium salt) (SCHEME-I) [9,10] comes under the anthraquinone dyes, and it is an
acidic dye. AB 25 is widely used in textile dying [11,12].
CV was the technique which was widely used in many fields of chemistry. This technique
is based on current response against applied potential. By using this technique we can predict
the redox mechanism of analyte. DPV is a sensitive technique in comparison with CV,
because it minimizes the migration current. Carbon paste electrodes (CPE) has been used by
many number of electrochemists, in our present study, we have used CPE as a working
electrode due to its low cost and ease of preparation.
Several methods have been employed for the quantitative determination of dyes, such as
voltammetric [13-25], chromatographic [26-28], capillary electrophoresis [29-31],
spectrophotometry [32] and raman spectroscopy [33] methods. Among the all,
electroanalytical techniques such as CV and DPV were widely used for the quantification of
the analyte.

Scheme 1. Molecular structure of Acid blue 25
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In our present work, we have studied the redox behavior of AB 25 and proposed a redox
mechanism (SCHEME-II). We have studied the redox nature of AB 25 in different pH
values, scan rate and concentration. Electrochemical impedance spectroscopy was employed
for the determination of surface nature of the working electrode.

2. EXPERIMENTAL
2.1. Apparatus
CHI-660D (CH-Instruments) electrochemical work station was used for CV, DPV and
EIS experiments. The experiments were done with a conventional three electrode
electrochemical cell. In the three electrode system carbon paste electrode (CPE) was used as
a working electrode, Pt - wire and Saturated Calomel Electrode (SCE) were used as counter
and reference electrode respectively. A model LI 120 (ELICO) pH meter was used for the
preparation of various pH buffer solutions.

2.2. Chemicals
AB 25 was obtained from Sigma Aldrich and dissolved in water to prepare 0.1 mM L-1
standard stock solution. 0.1 M phosphate buffer solution was prepared from NaH2PO4.2H2O
and Na2HPO4. Fine graphite powder was received from Loba Chemie Pvt. Ltd, Mumbai
(India) and Silicon oil was obtained from Scientific India Pvt. Ltd, Mumbai. All other
chemicals used were of analytical grade quality.

2.3. Preparation of carbon paste electrode
The CPE was made by hand mixing of 85% graphite power and 15% of silicon oil using
agate mortar for 45 minutes in order to form homogeneous paste. This carbon paste was
introduced into 2 mm diameter of Teflon tube and electrical contact was made through a
copper wire through the tube. The prepared electrode was smoothed on a piece of soft filter
paper before making measurements.

3. RESULTS AND DISCUSSION
3.1. Electrochemistry of Acid Blue 25
The electrochemistry of AB 25 at CPE in pH-7.0 of PBS solution was studied by
employing CV and DPV techniques. The surface nature of the working electrode was
observed by EIS studies. The impedance results showed that the CPE was the suitable
working electrode than the glassy carbon electrode (GCE) and Pt electrodes. The CV results
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of 1×10-4 M solution of AB 25 showed two reversible systems at potentials 0.2 V and 0.56 V
respectively. Fig. 1A and 1B shows the CV and DPV of 1×10-4 M solution of AB 25 at CPE
working electrode. The redox behavior of AB 25 was dependent on the pH of the supporting
electrolyte and also dependent on the scan rate. It was observed that one of the reversible
systems of AB 25 was controlled by diffusion and other was controlled by adsorption. Based
on the results obtained, we have proposed an electrochemical redox mechanism for AB 25
(Scheme 2).

Scheme 2. Proposed electrochemical redox mechanism for AB 25 at carbon paste electrode
The proposed electrochemical redox mechanism of AB 25 proceeds as follows: AB 25 (a)
was first reversibly reduced to form compound (b), further it was oxidized irreversibly to
form a corresponding compound (c). The product (c) formed in the second step was
reversibly reduced to form the compound (d).
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B

Fig. 1. (A) The Cyclic voltamogram of 1×10-4 M AB 25 in phosphate buffer solution of pH7.0 with a scan rate of 100 mVs-1 at carbon paste electrode (working electrode) verses
saturated calomel electrode (reference electrode) (B) The Differential pulse voltammograme
of 1×10-4 M AB 25 in phosphate buffer solution of pH-7.0 at carbon paste electrode (working
electrode) verses saturated calomel electrode (reference electrode)

3.2. Electrochemical impedance spectroscopy
Electrochemical impedance spectroscopy (EIS) was an important technique for the
determination of surface nature of the working electrode. In this experiment we have
observed different types of working electrode surfaces towards the determination of AB 25,
the nature of CPE working electrode, glassy carbon electrode, Pt electrode was tested
between the frequency ranges from 1 Hz to 1,00,000 MHz’s. From Fig. 2A, it shows that the
nyquest plot of three different electrodes, from figure CPE working electrode (red stared
symbols) shows better electron transfer rate than the other GCE (blue square boxes) and Pt
(grey diamond boxes) working electrodes. Fig. 2B was the bode plot of three different
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electrodes in which black square’s represents CPE working electrode, red circles represents
GCE working electrode and blue stars represents Pt working electrode [34,35].

A

B

Fig. 2. (A) The nyquest plot of EIS representing three different electrodes, red colored (CPE),
blue colored (GCE) and grey colored (Pt electrode) (B) The bode plot of three different
electrodes, black square’s represents CPE, red circles represents GCE and blue stars
represents Pt electrode

3.3. Effect of pH
We have studied the effect of pH on the redox behavior of 1×10-4 M solution of AB 25 at
CPE. In this study we have used phosphate buffer solution between the pH ranges from pH5.0 to pH-8.0. At pH-5.0 it was observed that there were two redox systems at potentials 0.2
V and 0.56 V. Further as the pH of the solution was increased the peak potentials of the
system was shifted towards the less positive potentials, from this we have concluded that the
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redox reaction of AB 25 was dependent on the pH of the supporting electrolyte. As the pH of
the supporting electrolyte was increased the peak currents of first system (i.e. at 0.2 V)
decreased and after pH-7.0 (i.e. at basic medium) no peak was observed. For the second
system (i.e. at ~0.56 V) the peak currents first increased and after pH-7.0 it was decreased.
Therefore we have observed the maximum peak currents at pH-7.0 and we have used pH-7.0
as an optimum pH for further studies. Fig. 3 was the CV’s of AB 25 at different pH values
[36].

Fig. 3. The Cyclic voltamograms of 1×10-4 M AB 25 in phosphate buffer solutions of pH5.0, pH-6.0, pH-7.0, pH-8.0 with a scan rate of 100 mVs-1 at carbon paste electrode (working
electrode) verses saturated calomel electrode (reference electrode)

3.4. Effect of Accumulation time
We have studied the effect of accumulation time on the peak currents of 1×10-4 M
solution of AB 25 in the PBS of pH-7.0 at CPE. We have observed an interesting result, the
time of accumulation was influenced greatly on the peak currents of one system (0.2 V) and
other system was less affected. As the time of accumulation was increased the peak currents
of first system (0.2 V) was gradually increased, where as the peak currents of the other
system (0.56 V) was slightly decreased. The proposed electrochemical redox mechanism
(scheme 2) suggests that compound (c) was formed form compound (b) and increase in the
concentration of compound (b) occurs continuously with accumulation time and this was due
to the irreversible step (2). Hence the step (2) was responsible for the linear increase of
current with accumulation time of first the redox system (0.2 V). Whereas the peak currents
of second redox system decreases and it was due to the decrease in the concentration of

Anal. Bioanal. Electrochem., Vol. 6, No. 2, 2014, 183 - 194

190

compound (b). Fig. 4 was the plot drawn between the peak currents on y-axis and
accumulation time on x-axis, from Fig. 4 black square boxes are peak currents corresponds to
first redox system and red circles are for the peak currents of second redox system.

Fig. 4. A plot drawn between accumulation time (in sec) and their respective peak currents
black square boxes represents first redox system and red circles represents second redox
system

3.5. Effect of scan rate
The effect of different scan rates on the peak currents of 1×10-4 M solution of AB 25 in
PBS of pH-7.0 was studied by varying the scan rates from 10 mV s-1 to 150 mV s-1 with an
initial pre concentration time of 20 minutes. A typical observation was found for the AB 25,
the first redox system (at 0.2 V) was linearly increased with square root of scan rate,
suggesting diffusion controlled process. The linear regration equations and correlation
coefficients were found to be as (Ipa1 in 10-5 A)=1.611/2-4.045 and
(Ipc2 in 10-5A)=1.2781/2-2.74, r2=0.997 and 0.9985 respectively. Whereas the other redox
system (at 0.56 V) was linearly increased with the scan rate suggesting the adsorption
controlled process, the linear regration equations and correlation coefficient values was found
to be as (Ipa2 in 10-5A)=0.0379+1.212 and (Ipc1in 10-5A)=0.0595and r2=0.9988 and
0.9997 respectively. Fig. 5A was the cyclic voltammograms of 1×10-4 M solution of AB25
for different scan rates and Fig. 5B was the plot drawn between peak currents of first redox
system on y-axis and square root of scan rate on x-axis, Fig. 5C was the plot of second redox
system on y-axis and their scan rates on x-axis [37].
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Fig. 5. (A) The Cyclic voltammograms of 1×10-4 M AB 25 in phosphate buffer solution of
pH-7.0 with scan rates (a):10 mVs-1, (b):20 mVs-1, (c):30 mVs-1, (d):40 mVs-1, (e):50 mVs-1,
(f):60 mVs-1, (g):70 mVs-1, (h):80 mVs-1, (i):90 mVs-1, (j):100 mVs-1, (k):110 mVs-1,
(l):120 mVs-1, (m):130 mVs-1, (n):140 mVs-1 and (o):150 mVs-1 at carbon paste electrode
verses saturated calomel electrode with an initial pre concentration time of 20 minutes (B) A
plot between square root of scan rate and peak currents of first redox system at 0.2 V (C) The
plot between scan rate and their peak currents of second redox system at 0.56 V

3.6. Effect of concentration
The effect of AB 25 concentration on peak currents in PBS solution of pH-7.0 at CPE
was studied by using CV and DPV techniques. DPV has shown more accurate results than
that of CV technique. Fig. 6A shows the differential pulse voltammogrames of different
concentrations of AB 25 and Fig. 6B shows the plot drawn between the concentration of AB
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25 on x-axis and their peak currents on the y-axis. From the Fig. 6B the peak currents were
gradually increased with increase in the concentration of AB 25. The effect of concentration
has shown two linearity’s with correlation coefficient values of 0.996 and 0.990. The linear
regration equations were found to be as (Ipa2 in 10-5A)=0.0591concentration of)+
0.196 and (Ipa2 in 10-5A)=0.0344concentration of)+1.16 respectively. The change in
the linearity’s occurred may be due to the saturation of electrode with AB 25 [38]. Based on
following equations we have found the limit of detection (LOD) and limit of quantification
(LOQ) as 3.248×10-8 M and 10.22×10-8 M respectively. Where Sb was the standard deviation
and ‘m’ was the slope of calibration curve [39,40].
LOD = 3Sb/m
LOQ = 10 Sb/m

A

(1)
(2)

B

Fig. 6. (A) The Differential pulse voltammograms of AB 25 with different concentrations of
(a):1.6×10-8 M, (b):2.5×10-8 M, (c):4×10-8 M, (d):4.5×10-8 M, (e):5×10-8 M, (f):6×10-8 M,
(g):7×10-8 M, (h):8×10-8 M, (i):10×10-8 M, (j):12×10-8 M, (k):14×10-8 M, (l):16×10-8 M,
(m):20×10-8 M, (n):25×10-8 M, (o):30×10-8 M, (p):40×10-8 M, (q):50×10-8 M, (r):70×10-8 M,
(s):100×10-8 M and (t):150×10-8 M at a carbon paste electrode verses saturated calomel
electrode (B) A plot between the anodic peak currents against different concentrations of AB
25

4. CONCLUSION
In our present work, we have explained the electrochemical determination of AB 25 at
CPE. It was found that the redox mechanism was dependent on the pH of the solution. Based
on the effect of scan rate studies an interesting result was observed, the first redox system
was controlled by diffusion process and the second redox system was controlled by
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adsorption process. Based on the results obtained from pH effect, scan rate effect and
accumulation time, we have proposed an electrochemical mechanism for redox reaction of
AB 25 and the LOD and LOQ values were evaluated. By employing EIS spectroscopy, we
have found that CPE was the suitable electrode for the determination of AB 25.
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