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ABSTRACT

The cyclic voltammetric studies of reactive orange 12 (RO 12) was carried out in aqueous
solution on glassy carbon electrode (GCE). The effect of pH on the electrochemical behaviour of
reactive orange 12 was performed from pH 1.0 to 13.0 at scan rate 50 mV/s. The maximum peak
current response was found in pH 4.0 others little bit less. At all pHs three anodic peaks in forward
scan and two cathodic peak in the reverse scan were observed. The dye solution of RO 12 was
exhibits oxidation and reduction peaks potentials at around -190, 030, 650 mV and —220, -6750 mV
respectively vs Ag/AgCl The voltammogram of. A systematic study of the experimental parameters
that affect the anodic differential pulse stripping voltammetric response was carried out. Maximum
peak current conditions were arrived. Calibration curve was made under the maximum peak current
conditions at different concentration RO 12. The concentration range studied for the determination of
300 to 700 ppb. The lower limit of detection is 200 ppb for GCE and the RSD 3.2%. The
suitability of this method for the quantisation of dye in textile industries effluents was also
ascertained.
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INTRODUCTION

The textile industry is one of the most polluting industries in terms of discharge volume and
effluent composition'. Reactive dyes are extensively used in the textile industry due to the
presence of reactive groups in their molecules, which bind to fibers through covalent bonds. The
main problem associated with the use of reactive dyes is their low affinity for fabrics resulting in
relatively high dye concentrations in textile wastewater?. Reactive dyes exhibit a wide range of
different chemical structures, primarily based on substituted aromatic and heterocyclic groups.
Since reactive dyes are highly soluble in water, their removal from wastewater is difficult by
conventional treatment processes® * °. A moderate difference was discussed in our preliminary
study of the morphology of graphite anode electrode before and after the electrochemical process®.
In the electrochemical oxidation process anode reaction, the substrate oxidation involves the
transfer of one or more electrons from the substrate to the anode—direct electron transfer (DET).
However, substrate oxidation rarely occurs without simultaneous oxidation of water, especially
under amperostatic conditions. This opens up the possibility that attack on the substrate is initiated
by reactive intermediates of water oxidation, such as hydroxyl radicals, hydrogen peroxide,
hydroperoxy radicals and their basic conjugates, either free in solution or bound to the anode
surface’.

Ceria-based composites have been previously developed as functional electrolytes for high
performance of solid oxide fuel cells that require high functional electrolyte materials that can
provide high ion conductivity for sufficient current output. These composites display hybrid proton
and oxygen ion conduction. We developed further composite electrolyte materials containing a
catalyst such as rare earth elements; gadolinium (Gd*"), neodymium (Nd**) and samarium (Sm**)
doped ceria (CepsGdo20,, CepgNdo20, and CepsSmo.0,) to investigate the electrochemical
treatment of C.l. Reactive Orange 107%. The discharge of dyes is a worldwide environmental
problem. These dyes are widely applied in industries namely dyestuff, rubber, paper, leather, textiles,
plastics and cosmetics™ ** ™. Reactive azo dyes are highly soluble in water and differ from all other
categories of dyes in which they bind to the textile fibers namely cotton, wool and silk to form
covalent bonds™.

The effect of pH on the adsorption of the reactive orange 12 dye by rice husk was
investigated at ambient temperature (25 °C). pH is one of the most significant parameters controlling
the adsorption of dye by adsorbent particles, which changes both the surface charge of the adsorbents
and the degree of ionization of different adsorbates™. Huge amounts of synthetic dyes are used in

many industries, such as dyestuffs, leather, tanning, and textiles. In the textile industry, it was
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estimated that approximately 10%-15% of total dyes utilized were lost during the dyeing processes
and released into wastewater'®. More than 60% of dyestuffs manufactured around the world are azo
dyes™, which are recalcitrant, no biodegradable, carcinogenic, mutagenic, and toxic'®. Wastewaters
that include azo dyes must be effectively treated to prevent possible harm to aquatic life, since they
may contain different pollutants such as dyestuff with various structures and textile auxiliary
materials such as surface active materials and polyvinyl alcohol utilized in sizing processes®’. The
color removal efficiencies were 85% by ferrate (V1) method and 91% by sono-ferrate (V1) method.
Kinetic studies were also performed for the decolonization of RO 16 under the optimized conditions
at room temperature®®. pH has the significant impact on absorption process and affected absorption
capacity, dye solubility*®, solution chemistry, and a surface of absorbent pore®. The effect of pH on
the adsorption capability was investigated between pH 2.0 and 12 at 30°C and the shaking rate was
set at 150 rpm. The percentage removal of RO16 increased from 95% to 98.12% with an increase of
the pH from 2 to 8% The study was to develop electro-analytical strategies based on certain
voltammetric techniques for the sensitive determination of RO12 in aqueous solution on glassy
carbon electrode. Direct redox behavior of reactive orange 12 on GCE and as consequence, their
determination was investigated by cyclicvoltammetry (CV) and differential-pulsed voltammetry
(DPV) techniques-based procedures were tested, developed and optimized for selective and detection

of reactive orange 12.

EXPERIMENTAL METHODS

All reagents were of AR grade purchased commercially. The stock solution of reactive
orange 12 was prepared by dissolving the substances in double distilled water purified from SG
purification system. The supporting electrolyte (pHs) solutions were also prepared by same water.
The pH values of the buffer solutions were measured by Hanna HI 2211 pH/ORP meter.

The electrochemical studies were carried out in exploratory and determination mode on a
software connected CH Instruments Electrochemical Workstation (model CH 650C). The cell was
made of glass, having a capacity of 15 mL and the Teflon made cell top was comprised of three
separate holes for the insertion of electrodes viz. working electrode (Glassy Carbon), counter
electrode(platinum foil) and reference electrode (Saturated calomel) . The cell setup is kept ina CH
Instrument Picoamp Booster and Faraday cage. The cell top also has the purging and blanketing
facilities of nitrogen gas with separate tubes to remove oxygen gas. This setup enables to maintain an
inert atmosphere above the sample solution throughout the experiment.

The surface of the glassy carbon electrode is apt to be contaminated by surface-active

substances and other compounds. Thus the effective surface area and other properties may be
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changed. Hence, it is necessary to treat the electrode before use, if a good reproducibility is required.
Well-known and accepted procedures for the treatment of glassy carbon electrode were adopted.
First the electrode was washed with water-ethanol-ammonia mixture followed by ethanol-ammonia,
ethanol-acetic acid and ethyl acetate-ethanol mixture. It was then washed with distilled water and
trichloro ethylene. With this method, oxides and surface-active substances and organic compounds
were removed from the electrode surface. When electrode surface seriously contaminated, the most
effective and, at the same time the simplest way employed for the renewal of the surface was to
remove a layer of it by rubbing with 0.05 uM of fine powder of y-Al,O3. After rubbing, the electrode
was wiped with a filter paper and then rinsed with water. The fine particles of alumina adsorbed on
glassy carbon electrode were removed by ultrasonication in the presence of water. Then, the
electrode was thoroughly degreased with trichoroethylene and washed with deionized water and
acetone. Glassy carbon electrode (GCE) surface was well developed for determination of trace
amount of dye. The dye adsorbed on GCE is now a day’s very useful for determination of ultra trace

materials.

Table 1: Studied range and optimum experimental conditions in DPSV

Parameters Range studied Optimum value
Ph 1-13 4.0
Accumulation potential (mV) | -800 to 800 400
Accumulation time (Sec) 10-90 60
Initial scan potential (mV) -1300 to -600 -1000
Pulse Height (PH) (mV) 25 to 200 150
Pulse width (PW) mSec 25 to 200 75
Scan Increment (SI1) mV 210 20 16
Scan rate (SR) mV/sec 10 to 100 50
Stirring rate (rpm) 50 to 250 250
Rest period (Sec) 210 10 5

RESULTS AND DISCUSSION

Cyclic Voltammetric Behaviour
Cyclic voltammograms of RO 12 on GCE in acid, neutral and alkaline media, at different
scan rates from 25 to 500 mV/s were recorded. There was significant response when the studies were

carried out between pH 1.0 to 13.0. The background current was recorded for all scan rates and
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subtracted in the appropriate potential range. The peak potential Ep (in milli volts) and peak current
ip (in microamperes) for respective concentrations and scan rates were measured. The data are

obtained and discussed.
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Figure 1, Cylic voltammetric behavior of 300 ppm concentration of RO 12 on GCE in pH 4.0 and at 50 mV/s

Effect of pH

Since there was characteristic effect from pH 1.0, the cyclic voltammetric studies of RO 12
were carried out in the pH range 1.0 to 13.0. At all pHs three anodic peaks and two cathodic peak
(Fig.1) in the reverse scan were observed. Of the three peaks, anodic peak Il showed prominence
with higher current in the pH range 1.0 to 13.0. The anodic peak Ill and cathodic peak lost their
sharpness when the pH was increased. Hence the anodic peak 111 was considered for further studies
to probe the oxidation mechanism. For the study of influence of pH on the cyclic voltammetric
response, at pH 4 were chosen and the cyclic voltammograms were recorded for 300 ppm RO 12 at a
scan rate of 100 mV/s. The peak currents and peak potentials were plotted against pH and the plots
are given in figures 2. The peak current decreased with increase in pHs. The maximum peak current
response was found in pH 4.0. This is due to faster electron transfer at acid pH 4.0 and indicates that
the electrochemical oxidation of RO 12 is facilitated in acidic media. Hence it can be considered as
an optimum pH for the study of RO 12. The peak potential also decreased with increase in pHs. The
peak potential of anodic peak Il shifted anodically with pH whereas that of cathodic peak shifted
cathodically with pHs.
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Figure 2, Effect of pH vs. peak current, potential curve on GCE

Effect of Scan Rate and Concentration

The scan rate was varied from 25 to 500 mV/s at the selected pH medium and the cyclic
voltammetric behaviour of 300 ppm RO 12 was understood. Peak current was correlated with scan
rate and square root of scan rate. The plot of log current versus log scan rate was also made. At
constant scan rate 100 mV/s, the concentration of the substrate was varied and the effect on peak
current was observed. The plot of current versus concentration of RO 12 was also made.

An aqueous solution of pH 4.0 was chosen as the medium for the study. Fig.1 represents the cyclic
voltammogram of RO 12 recorded at pH 4.0. Three anodic peaks were observed at the potentials
around -190, 030, 650 mV. In the reverse scan two cathodic peak was observed around at —220 and -
6750 mV. The effect of scan rate was studied for the anodic peak | at a scan rate from 25 to 500
mV/s. The peak current was plotted against scan rate and resulted in a slightly curved line whereas
the peak current increased linearly with square root of scan rate and resulted in a straight line with
good correlation (R* = 0.9902). The log ip vs. logv plot yielded a straight line with slope 0.1002.
These facts revealed the nature of electrode reaction as diffusion controlled. The variation of peak
potential with log scan rate resulted in a straight line (oen = 0.8855). The potential difference between
the anodic peak | and the cathodic peak was found to be around 100 mV. Hence, it can be considered
that the oxidation of RO 12 at pH 4.0 may be considered as quasi reversible. The effect of
concentration on peak current at a constant scan rate 100 m\V/s was carried out by changing the
concentration from 300 to 700 ppm. Increase in the concentration of RO 12 showed increase in the

peak current as well as increase in peak potential. The plot of ip vs. concentration yielded a straight
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line. Hence, it may be concluded that at pH 4.0, irreversible diffusion controlled oxidation and
reduction reactions are taking place apart from another oxidation at higher anodic potential.

Chronocoulometry

Diffusion coefficient is required for most electrochemical studies since the current response
at an electrode depends on the rate of mass transport of the electroactive species to the electrode
surface. The diffusion coefficient value of the compound was calculated from the slope of Anson’s
plot, if other parameters are known. In this case, the geometric area of the glassy carbon electrode
used is 0.0314cm?. A plot of total charge passed, Q vs. square root of time, t* transforms the data
into a linear relationship whose slope is 2nFACD” n™”. The plot of Q vs. t”* for 1.6x107 M/cm3
concentration of RO 12 is obtained. Using the value of the forward slope in the Cottrell equation, the
diffusion coefficient ‘D’ of the compound is calculated as 2.261 x 10 cm’s™ at pH 4.0.

Controlled Potential Coulometry

Controlled potential coulometry was performed at pH 4.0 in the same cell setup. The
coulometric ‘n’ value was determined after exhaustive electrolysis 10 ml of 3.2x10” M dm® RO 12
solution (pH 4.0) and it was found to be 2. This indicates the two-electron transfer in the

electrooxidation of RO 12.

Reaction Mechanism

On the bases of above discussion the following mechanism was derived. The reactive orange
12 contain primary and secondary amine. The oxidation of primary amine takes place with 2

electron and proton reaction mechanism and the product is hydroxyl amine (Figure 3).

Fig 3, Reaction mechanism of reactive orange 12
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DIFFERENTIAL PULSE STRIPPING VOLTAMMETRY

Having chosen the best pH trial experiments on GCE were carried out to optimize various
parameters with the solution containing 300 ppb RO12. The adsorptive stripping voltammetry of
RO12 was carried out on plain GCE at a positive potential and the stripping peak potential was close
to the anodic oxidation potential observed in CV. This suggests the adsorptive accumulation and
anodic stripping of the substrate. The factors affecting the electrode process were optimized and
discussed as follows. Generally adsorptive stripping voltammetry involves two major steps. The
analyte molecules were first accumulated by adsorption on the electrode surface from the bulk and
then the accumulated molecules were stripped out giving specific signals. Hence, optimization of
accumulation potential was done in the first part by fixing other parameters as in default setup. The
effect of accumulation potential was studied by varying it from —800 to 800 mV. Maximum peak
current was observed at 400 mV and it was fixed as the maximum peak current accumulation
potential. The anion of the dye adsorbed easily at a positive potential due to electrostatic attraction.
The effect of deposition time on the stripping signal in the range 15 to 90 sec was studied and the
peak current reached maximum value at 60 seconds. The initial scan potential is another important
parameter as it confirms the non-faradaic nature of the preconcentration step. It also controls both the
peak potential and peak current in the stripping voltammogram. The influence of initial potential on
the peak current was studied by varying from —1300 to -600 mV. Better response was observed at —
1000 mV. The pulse height was varied from 25 to 200 mV and the maximum value was obtained at
150 mV. The effect of pulse width was studied in between 25 to 200 msec and was found that
maximum peak current was at 75 msec. Effect of scan increment was studied by varying it from 2 to
20 mV. The peak current was linearly dependent on the scan increment up to 16 mV. The maximum
peak current was observed at the scan increment 16 mV and hence it was chosen as the best and
optimized scan increment. After fixing the above parameters the peak current response on scan rate
was also studied. The scan rate was varied from 20 to 120 mV/s. Highly resolved stripping response
with maximum peak current was obtained at the scan rate 50 mV/s. Hence, it was taken as the

optimum scan rate for studying the effect of the concentration.

ANALYTICAL CHARACTERISTICS

The dependence of peak current on concentration was studied under the above fixed optimum
parameters. The studies were carried out on glassy carbon electrode. A representative voltamogram
is presented in figure 4. Experimental results showed that the peak current increased with increase in
concentration of RO 12 on electrode and calibration plot arrived and are given figure 5. The

reproducibility of the stripping signal was realized in terms of relative standard deviation for ten
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identical measurements carried out at a concentration level of 300 ppb and the RSD values were
3.0% and the lower level of detection is 100 ppb.

Current / le-6A

Potential / V

Figure 4, Differential pulse stripping voltammetry behavior of 300 ppb of RO 12 on GCE
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Figure 5, calibration plot of differential pulse stripping voltammetry

CONCLUSION

First attempt for studies of reactive orange 12 dye on glassy carbon electrode. The
electrochemical behavior of RO12 was studied in different pH media. All the pH s shows three
oxidation and two reduction peaks on GCE. Among the 13 medium of pH the cyclic voltammetric of
RO12 illustrate best responds in pH 4.0. The best medium used to studies of further electrochemical

behaviors. From five redox peaks the Il anodic oxidation shows higher peak current and used for
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other correlations. The peak current against scan rate and square root of scan rate and log of current
responds vs log of scan rate revealed the nature of electrode reaction as irreversible diffusion
controlled. The plot of Q vs. t* for 1.6x10” M/cm3 concentration of RO 12 is obtained 2.261 x 10
cm’sec™ diffusion coefficient ‘D. The bolometric ‘n’ value was determined after exhaustive
electrolysis 10 ml of 3.2x107 M dm™® RO 12 solution (pH 4.0) and it was found to be 2. The
oxidation of primary amine takes place with 2 electron and proton reaction mechanism and the
product is hydroxyl amine. The dependence of peak current on concentration was studied under the
fixed optimum parameters. The amount of RO 12 was determined through differential pulse

voltammetrically and the lower level of detection is 100 ppb.
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