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INTRODUCTION

Natural pigments and synthetic dyes are extensively
used in various fields of everyday life including food
production, textile industry, paper production, agricul-
tural practice research and water science and technol-
ogy. A number of synthetic dyes and pigments, which
are becoming extensively scattered throughout the en-
vironment, has a significant impact on the environment
and can cause adverse toxicological side effects; there-
fore, the need for development of effective, rapid and

reliable analytical methods with sufficient detectability
to quantify them in different samples should deserve
particular attention. Among the several analytical meth-
ods, UV-vis spectrophotometry[1], immunoassays[2], and
chromatography[3,4], capillary electrophoresis[5-7], and
Raman spectroscopy[8] have been reported. Recently,
volta1mmetric methods in the analysis of reactive dyes
has been investigated[9-15], based on electrochemical re-
duction of azo dyes groups.

To the best of our knowledge, no methods have
been appeared in the literature based on the electro-

KEYWORDS

Differential pulse voltammetry;
Glassy carbon electrode;

Electrochemical oxidation;
Reactive dyes;

Cibacron red FN-R.
reactive red 238.

ABSTRACT

The electrochemical oxidation of cibacron red FN-R (CB) has been studied
by cyclic voltammetry (CV) and differential pulse voltammetry (DPV) at a
glassy carbon electrode (GCE) in phosphate buffer solutions of pH (2.54-
11.79) used as supporting electrolyte. The voltammetric behaviour showed
that the electro-oxidation process gave rise to a single peak at 0.692 V vs.
Ag-AgCl using DPV in phosphate buffer solution at (pH 3.34). The oxida-
tion process was shown to be irreversible and adsorption-controlled. An
analytical method was developed for the determination of cibacron red FN-
R in phosphate buffer solution at (pH 3.34) as supporting electrolyte. The
anodic peak current varied linearly with cibacron red FN-R concentration in
the range 2.010-6 mol/l to 1.010-5mol/l of cibacron red FN-R with a limit of
detection (LOD) of 4.4910-7 mol/l and limit of quantification (LOQ) of
1.4910-6 mol/l. Validation parameters, such as accuracy, precision and re-
covery were evaluated. The proposed method was successfully applied to
the determination of cibacron red FN-R in synthetic industrial effluents and
the analytical results compared well with those obtained by the spectro-
photometric method.  2011 Trade Science Inc. - INDIA
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chemical redox properties of cibacron red FN-R. Thus,
the aim of the present work is the investigation of the
electrochemical oxidation behavior of the cibacron red
FN-R on glassy carbon electrode using cyclic and dif-
ferential pulse voltammetry, and then developing a
voltammetric method for cibacron red FN-R dye de-
termination. The electroanalytical technique provides the
advantage of simplicity, low cost, relatively short analy-
sis time and direct analysis, without any extraction, clean-
up, or pre-concentration steps.

EXPERIMENTAL

Apparatus

The voltammetry experiments were performed us-
ing CHI610C Electrochemical Analyzer controlled by
CHI Version 9.09 software (CH Instruments, USA). A
three-electrode system was composed of a glassy car-
bon (BAS model MF-2012,  = 3 mm) working elec-

trode, an Ag/AgCl/3M KCl (BAS model MF-2063)
reference electrode and a platinum wire (BAS model
MW-1032) counter electrode. The working electrode
surface was polished with 0.3 and 0.05 ìm alumina

slurries before each measurement. The UV/vis-absorp-
tion spectra were recorded on a double beam Perkin
Elmer UV-Visible spectrophotometer equipped with a
PC for data processing UV Winlab-Ver 2.80.03, Perkin
Elmer USA, using a 1.0 cm cell at 0.2 nm intervals, in
the range of 200-700 nm. A CG 808 (Schott Gerate,
Germany) digital pH-meter with glass combination elec-
trode served to carry out the pH measurements.

Reagents

A commercial reactive azo dye, cibacron Red FN-
R hetero-bireactive vinylsulphone fluorotriazine dye (CI
Reactive Red 238, empirical formula C

29
H

15
O

13
S

4
ClF-

N
7
Na

4
, 944.2 g mol-1), kindly provided by (Dakahlia

Spinning and Weaving (DETEX) Company, Egypt) was
used without further purification (80% purity approx.).
Its chemical structure was not disclosed by the manu-
facturer. Stock solution (1.010-3 mol/l) was prepared
in double distilled water, and stored in a dark bottle.
Phosphate buffer solutions were prepared by adding
appropriate amounts of o-phosphoric acid; potassium
dihydrogen phosphate and disoduim hydrogen phos-
phate in double distilled water[16], were used as sup-

porting electrolytes. High-purity reagents were em-
ployed in all experiments. All solutions were papered
using doubly distilled water.

Procedure

For voltammetric measurement, 5 ml of the elec-
trolyte solution were transferred into the voltammetric
cell. After measurement of the blank solution in the an-
odic direction from 0.3 to 1.0 V, the appropriate amount
of cibacron Red FN-R solution was added and the an-
odic potential sweep was carried under different op-
erational parameters. Before each measurement the
glassy carbon electrode was polished manually with 0.5
mm alumina dispersed in bi-distilled water on a smooth
polishing cloth and gently dried with a tissue paper. All
measurements were carried out at room temperature.
The peak heights were evaluated as the differences
between each voltammogram and the background elec-
trolyte voltammogram.

Preparation and analysis of synthetic industrial ef-
fluent samples

The stock solution of cibacron red FN-R (1.010-

4 mol/l) was hydrolysed to convert it to the form in which
it is normally found in industrial effluents. The hydroly-
sis was done by adjusting the pH to 10.6, followed by
heating to 60C for 1 h, then aliquot solution was trans-
ferred to a voltammetric cell containing phosphate buffer
(pH 3.34) 0.2 M. The differential-pulse voltammogram
was subsequently recorded by employing amplitude 50
mV, pulse width 50 ms, and sample width, 0.02 S. The
content of the dye in synthetic industrial effluents was
determined referring to the regression equation.

RESULTS AND DISCUSSION

Firstly, differential pulse voltammetry was used to
characterize the electrochemical behavior of the
cibacron at GCE electrode.The electrochemical oxi-
dation of cibacron was studied over a wide pH range
between 2.54 and 8.70. The DP voltammograms (Fig-
ure 1) were all recorded in solutions of 2.010-5 mol/l
cibacron in different electrolytes of 0.2 M ionic strength.
The compound gave a well-defined single signal up to
(pH 2.54). As the pH increased, another peak also
appeared within pH range (2.54 to 8.70). No
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Figure 1 : Differential pulse voltammograms for 2.010-5 mol/
l cibacron red FN-R solution in phosphate buffer of different pH
values (1) pH 2.54, (2) pH 3.34, (3) pH 4.20, (4) pH 5.75 (5) pH
6.70, (6) pH 8.38 (7)pH 8.70, at glassy carbon electrode. Pulse
amplitude, 50mV; pulse width, 30 s; sample width, 0.02 s

Figure 2 : Effect of pH on (A) peak potential, and (B) peak
current in phosphate buffer using differential pulse
voltammetry at glassy carbon electrode for 2.010-5mol/l
cibacron red FN-R; pulse amplitude, 50mV; pulse width, 30 s;
sample width, 0.02 s

Figure 3 : Cyclic Voltammograms of 5.010-5 mol/l cibacron red FN-R solution on glassy carbon electrode in phosphate buffer
(A) at pH 3.34 and (B) at pH 8.38 (0.2M), scan rate, 50mVs-1, dotted line (......) represents the blank in phosphate buffer:
Broken line: sweep reversed after first anodic peak

Figure 5 : UV-Vis spectra of cibacron red FN-R at different
concentration from 5.010-7 to 1.010-5mol/l in phosphate
buffer pH=8.39 (0.1M). Inset: calibration plot of cibacron red
FN-R at ë max = 545.61 nm

Figure 4 : Differential pulse voltammograms (DPVs) for in-
creasing concentration of cibacron red FN-R in phosphate
buffer pH = 3.34 (0.2M): (1) 2.010-6, (2) 3.010-6, (3) 7.010-

6, (4) 9.010-6 and (5) 1.010-5 mol/l. Pulse amplitude, 50mV;
Pulse Width, 30 s; sample width, 0.02 s. Inset is the calibra-
tion plot
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electroactivity was found for (pH >8.70) even for higher
concentration showing that cibacron is not oxidizable in
these conditions. Figure 2 (A and B) also shows the
influence of the pH on the peak potential and peak cur-
rent of the oxidation steps. The graph of peak (1) shows
an independent relationship between pH and potential
which can be attributed to a fast chemical protonation/
deprotonation processes. The peak current reached the
highest values at (pH 3.34), and this was selected as
the optimum value for quantitative analysis.

Cyclic voltammetry (CV) is commonly used to de-
termine the reversibility of electrode process. Cyclic
voltammograms of the investigated dye at the GCE re-
corded in the phosphate buffer of various pH values at
various scan rates exhibited the same behavior obtained
by DPV. Typical cyclic voltammogram obtained for the
oxidation of 5.0x10-5mol/l CB in phosphate buffer, (pH
3.34) on glassy carbon electrode is shown in (Figure
3A). The curve obtained for oxidation of CB dye pre-
sents one anodic peak at 0.798 V. The fact that no
peak was observed in the reverse scan suggests that
the oxidation process is an irreversible one. The influ-
ence of the scan rate () ranging 5-60 mVs-1 on the
peak current was evaluated at (pH 3.34). The plot gave
a straight line following the equation: i

pa
 (A) = 0.0236

+ 0.0063 í (mVs-1), R= 0.9938 (n=7).This indicates
that cibacron oxidation at the electrode surface is an
adsorption-controlled process[17]. Cibacron red FN-
R, showed a positive shift in the peak potential, a fur-
ther indication of the irreversibility of dye elechemical
oxidation process. Cyclic voltammograms of CB dye
at (pH 8.39) exhibited two peaks on the forward scan
(Figure 3B). No anodic peak appeared on reversing
the direction of the voltage sweep just after the initial
reduction peak, suggesting the irreversible nature of the
electrode reaction under these conditions.

Based on the voltammetric behavior of cibacron
red FN-R, a quantitative method was developed. Dif-
ferential pulse voltammetry has been used to gather cali-
bration curve data for cibacron red FN-R; as the DPV
has well-established advantages, including good dis-
crimination against background current, and low de-
tection and determination limits[18]. Best results were
obtained at pulse amplitude 50 mV, pulse width 50 ms,
and sample width, 0.02 S. A set of DP voltammograms
in phosphate buffer (0.2 M, pH 3.34), illustrating the

variation of peak (1) height with dye concentrations is
shown in (Figure 4). A linear range was observed for
concentrations between 2.010-6 and 1.010-5 mol/l.
The variation of peak current (i

pa
) with dye concentra-

tion is represented by the linear regression equation i
pa

(A) = 0.0177+ 0.0120 C (mol/l), R = 0.9988 (n =
8), where R is the correlation coefficient and n is the
number of points. Statistical evaluation of the data[19],
was performed through determination of the standard
deviation of the residuals (S

y/x
 = 0.0018), standard de-

viation of the intercept (S
a
 = 0.0015), and standard

deviation of the slope (S
b
= 2.32410-4). The small fig-

ures obtained refer to the high precision of the method.
The limit of detection (LOD) and the limit of quantitation
(LOQ) of cibacron red FN-R were calculated as
4.4910-7 mol/l and 1.4910-6 mol/l respectively, by
using the equation LOD = 3S

y/x
/b and LOQ=10 S

y/x
/b,

the ratio of the standard deviation of y-residuals (S
yx

)
and the slope of the regression line (b).

In order to determine the accuracy and precision
of the method, solutions containing three different con-
centrations at low, medium and high concentrations of
linear range (i.e. 3.846, 6.542 and 8.25710-6 mol/l)
of Cibacron red FN-R were prepared and analysed in
quintuplicate. The analytical results obtained from this
investigation are summarized in (TABLE 1). The rela-
tive standard deviation (RSD %), recovery and Bias
values can be considered satisfactory at levels of con-
centrations examined. Relative standard deviation usu-
ally does not exceed 2.972 % for concentration range
3.846-8.25710-6 mol/l.

Spectrophotometric measurements of cibacron Red
FN-R in 5.010-7 to 2.010-5 in the range 200-700
nm showed three maxima absorbance: 287.42, 329.73
and 545.61 nm (Figure 5). The higher absorbance was
obtained at 545.61 nm. The visible band at 545.61 nm

TABLE 1 : Accuracy and precision data for Cibacron red FN-
R obtained by differential-pulse voltammetric (DPV) method

Added 
(mol/l) 

Found 
(mol/l ) x-a 

Standard 
deviation, 

S.D. 

Relative 
standard 
deviation, 
RSD%b 

Accuracy 
bias %c 

Recovery 
% 

3.84610-6 3.86910-6 0.115 2.972 -0.598 100.598 

6.54210-6 6.53610-6 0.091 1.392 0.107 99.908 

8.25710-6 8.20610-6 0.173 2.108 0.618 99.382 
ax-: mean. bRSD %: relative standard deviation = (S.D./x-) ×

100%. cBias %: [(added-found)/added] × 100%
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is attributed to the azo bonds and responsible for the
red colour of the solution[20].

A UV-Vis spectrophotometric method was devel-
oped for the determination of cibacron red FN-R and
the results were compared. (Figure 5) shows the UV-
Vis spectrum of cibacron red FN-R and the calibration
plot obtained between the concentration and the ab-
sorbance values. The determination limits were 4.5410-

7 mol/l and 1.5210-6 mol/l and the RSD value at 3.0
x10-6 mol/l CB dye was 0.612%.

The proposed voltammetric method was success-
fully applied for the assay of cibacron red FN-R in
spiked synthetic industrial effluents. Five determinations
of this dye concentration gave an average cibacron red
FN-R concentration (6.4810-6 mol/l) corresponding
to a mean recovery of 99.04%. The relative standard
deviation was 2.06% indicating adequate precision and
accuracy of the proposed method.

CONCLUSION

The electrochemical behaviour of Cibacron red FN-
R was studied at glassy carbon electrode by cyclic and
differential pulse voltammetry. The cibacron red FN-R
showed an irreversible oxidation peak/peaks. The elec-
trochemical process is adsorption controlled. Our find-
ings indicate that the developed differential pulse
voltammetric method provides the advantage of sim-
plicity, precision and reliability, and shown to be ca-
pable of determining cibacron red FN-R at very low
levels. This method was proposed for the determina-
tion of the dye in spiked synthetic industrial effluents
samples and the results are satisfactory.
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