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The preparation and characterization of a graphite paste electrode modified with silicone OV -I 0 I (a polysiloxane stationary
phase material used in gas chromatographic columns) is described. The potential use of the modified electrode for
preconcentration and detection offenitrothion, an organophosphate pesticide, was studied using differential pulse adsorptive
stripping voltammetry. Under optimum experimental conditions a detection limit for fenitrothion of 7 ppb can be achieved
using a 10-min accumulation time with relative standard deviation of 4% for n

=

3.
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INTRODUCTION
Polymers are attractive coatings for use in chemical sensors.
They have a relatively high long-term stability, are chemically
inert, and insoluble in water and most organic solvents [ 1]. As
surface coatings, they have good electrode stability and
relatively wide potential windows, and consequently are
efficiently selective of the molecules reaching the electrode
surface. Surface modification strategies come in varied ways:
direct adsorption, evaporation into inert polymer matrices,
polymerization-deposition of the species of interest into the
electrode surface, and electrochemical polymerization [2].
Some of the most commonly used polymer coatings are the
polypyrroles, polythiophenes, polypyrrole-polyamides, nation,
nation-cellulose acetate, poly(estersulfonic acid) [3], and the
more recent polysiloxanes. Siloxane polymers have the
advantage in surface modification because of their thermal
properties, environmental durability, lower surface tension
compared to other hydrocarbon-based polymers [4]. The most
widely used polysiloxanes are the polydimethyl siloxanes
(PDMS).

*To whom correspondence should be addressed.

Several studies have focused on electrode modification using
polysiloxanes. These are either deposited electrochemically,
bulk polymerized from the solution, or dip-coated in the solution
and the solvent evaporated after sufficient equilibration.

Grainger et al. reported the adsorption of ultrathin films of

sulfur-containing siloxane oligomers, commercially available
as poly[methyl(mercaptopropyl)siloxane] on gold surfaces [4].

The polymer was dissolved in toluene prior to bulk

polymerization. Glassy carbon electrodes coated with modified

siloxane films were obtained by spin-coating that led to

monolayer surface coverage was reported by Marz et al. [5].

Adsorptive stripping voltammetry make use of these chemically
modified electrodes and provide analytical possibilities of

achieving detection limits similar to those obtained in

chromatography. The use of chemically modified electrodes in

pesticide analysis have long been studied using immobilized

enzymes for the purpose. However, enzymes are relatively
unstable to handle and are more costly. Arranz et al. described

an anodic voltammetry assay of the herbicide Metamitron using
a silica-modified carbon paste electrode [6]. Wesla and Gopel
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used commercially available gas chromatography (GC)
stationary phases such as SE-54 and SE-30 on quartz balance

14----- Cu wire

microcrystals as sensors, monitoring during the course of
analysis the changes in resonance frequency [7]. For coating
l-4t---- Plunger

procedures, the polymers were dissolved in dichloromethane
and sprayed on the quartz crystal microbalance devices.
Other studies on the use of commercially available siloxane
polymers make use of solvent systems such as chloroform and
methanol. Studies on the pesticides have almost always been
reported in acetonitrile solvent systems [6]. The various
stationary phases for GC analysis of organophosphorous and
carbamate pesticides recommended are the commercially

___

composite paste

available polysiloxanes OV-I, OV-IOI, SE-30 [8, 9].
In the Philippines, major crops such as rice, corn, potato,
banana, and a number of vegetables are almost always treated

Graphite powder/OV 101

Fig. 2. Diagram of the modified graphite paste electrode
configuration.

with pesticides to ensure bountiful harvest. Fenitrothion (Fig.
I) is an organophosphate pesticide. It is a herbicide and is one

along the stem of the plunger such that about I em of the wire

of the most common pesticides used in the country. In this study,

extends directly into the paste at the bottom of the plunger and

a graphite paste electrode was fabricated and modified with a

2 em extends through a small hole bored from the top. Figure 2
'
shows a diagram of the e Iectrode configuration. The electrode

material used as GC stationary phase such as OV-10I which is
a 1 00% dimethyl polysiloxane. The fenitrothion is retained and

surface was polished using a page of clean paper to produce a

accumulated on the modifier at open circuit and is detected

reproducible working surface.

using differential pulse adsorptive stripping voltammetry. This
study is aimed at providing a simpler, faster and cheaper

Electrochemical characterization. Electrochemical studies and

alternative method for pesticide analysis compared to lengthy

analytical testing were performed using a Powerlab

sample preparation, analyte derivatization (if required) and

Electrochemical System (Powerlab/4sp and potentiostat from

more expensive instrumentation of chromatographic methods.

ADinstruments, North Ryde, NSW, Australia) which is an
integrated system of hardware and software designed to record,
display and analyze experimental data. Cyclic voltammetry and
stripping voltammetric experiments were performed with a 3electrode cell configuration with the modified graphite paste
electrode as the working electrode, platinum rod as auxiliary
electrode and Ag/AgCI (saturated KCl) as reference electrode.
All solutions were degassed with nitrogen prior to
electrochemical studies.

Fig. 1. Chemical structure of fenitrothion.

Optimization of variables affecting the differential pulse
adsorptive stripping analysis of fenitrothion were carried out
in two separate cells: one for the preconcentration step

EXPERIMENTAL

containing the pesticide and the other for the measurement step

Reagents. All reagents used were of analytical grade and all

deHaen) was determined as follows: The modified electrode

containing the supporting electrolyte. Fenitrothion (Riedel
aqueous solutions were prepared with ultrapure water

was placed in the preconcentration cell containing the pesticide

(Barnstead Mega-Pure series 678).

and left for a preset time with mechanical stirring after which

Preparation of modified graphite paste electrode. Graphite

voltammogram recorded.

the electrode was transferred in the measurement cell and the
paste was prepared by mixing thoroughly pure graphite powder
(Fluka, particle size:,; 0.1

mm

) with OV-IOI silicone modifier

(Supelco) in a 70:30 ratio in an agate mortar until it was
uniformly wetted. After blending the paste was packed into a
polypropylene tube (a disposable I mL plastic syringe, 4 mm
i.d.) to a thickness of about I em, and pushed down by means
of the plunger until the paste fills the bottom of the syringe
body. Electrical contact was made via a copper wire attached
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DISCUSSION OF RESULTS
OV-101 modified graphite paste electrode preparation

One parameter that is important when preparing the OV-101
modified graphite paste electrode is its mechanical stability.
This is the ability ofthe graphite/modifier paste to avoid erosion
in solution. The modifier can also give some permeable

Differential pulse adsorptive stripping voltammetry of fenitrothion
on a polysiloxane modified graphite paste electrode
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properties to the paste and will improve its mechanical stability

hexacyanoferrate(II) couple. Cyclic voltammograms at different

by promoting binding between grains. A range of graphite/

scan rates were obtained in such solution and the results are

modifier ratios were prepared and tested. The highest ratio of

shown in Table I and Fig. 3.

70:30 was found to be the most stable and useful which
produced a "crumbly" paste. The lowest ratio of 30:70 had a

The response of hexacyanoferrate(III) - hexacyanoferrate(II)

consistency resembling that of peanut butter.

couple on the OV -10 I modified paste electrode is similar to

Electrochemical response of the OV-101 modified graphite
paste electrode

than or equal to 80 mV/s, the ratio of anodic peak current to

The fres hly prepared mod i f i e d electrode was f irst

anodic peak current (Epa) and cathodic peak current

that using a bare glassy carbon electrode. At scan rates greater
cathodic peak current (Ipa/Ipc) is very close to unity and the

electrochemically activated by repetitive potential cycling

KCI (pH 6.9) at a scan

(Epc) are virtually independent of scan rate indicating that the

rate of 250 mV /s for 20 min or until a reproducible residual

system behaves reversibly. The cathodic peak current (Ipc) and

current (baseline) is reached. The OV-101 modified graphite

anodic peak current (Ipa) intensities varies linearly with the

paste electrode was then characterized using cyclic voltammetry

square root of the scan rate

by o b s erv ing the r e s p o n s e of a substance of known

following equation:

between -500mV to 1000mV in 0.1 M

( v Y' )

in accordance with the

electrochemical behaviour such as the hexacyanoferrate(III)Ipa
Ipc

=

=

0.0453
0.0512

yY'

+ 0.0924 (r2

"
v -

0.0498 (r2

=

=

0.9997)
0.9990)

This indicates that the mass transport of analyte to the surface
Table I. Cyclic coltammetry of 0.1 M Fe(CN)6

4-

of the electrode is diffusion controlled. Adsorption was also

at different scan rates using an OV-101 modified graphite

v

v

(rnY/s)
20
40
50
80
100
200
250
400

,.'

(mY)

shown to play a role in the electrode process since the Ipa and
Ipc showed a linear dependence with scan rate,

paste electrode

v,

in accordance

with the following equations:

Epa

(Y)

Epc

lpa

(Y)

(rnA)

500

4,47
6.32
7.07
8.94
10.00
14.14
15.81
20.00
22.36

0.162
0.160
0.156
0.154
0.146
0.132
0.130
0.112
0.104

0.266
0.276
0.278
0.286
0.290
0.310
0.314
0.332
0.348

800

28.28

0.080

0.374

fpc

(rnA)

L1E

(mY)

lpa/lpc

-0.1600
-0.2650
-0.3020
-0.4540
-0.4570
-0.6730
-0.7640
-0.9810
-1.1020

104
116
122
132
144
178
184
220
244

L8
1.4
1.4
1.1
1.2
1.1
1.1
1.0

1.3580 -1.3850

294

1.0

0.282
0.374
0.412
0.499
0.550
0.743
0.815
1.006
1.108

1.0

Ipa
Ipc

=

=

0.0014

v

+ 0.3823 (r2

0.0015

v

+ 0.2780 (r2

=

=

0.9731)
0.9728)

This kind of behaviour for a system with a minor tendency for
adsorption shows that the OV-101 modified graphite paste
electrode has a potential use in preconcentrating substances
exhibiting adsorptive interaction with the modifier.

Cyclic voltammetry of fenitrothion on OV-101 modified
carbon paste electrode
Figure 4 shows the repetitive cyclic voltammograms (CY) of
10 ppm fenitrothion in 0.04 M Britton-Robinson buffer solution
(pH 9.4) using the modified electrode. It exhibited two reduction

2

peaks at-256mV and-816 mV and an oxidation peak at -188

-

mY vs. Ag/AgCI. The reduction peaks decrease with repetitive
potential cycling whereas the oxidation peak at -188 mY is

-I

�
s
-

stable. The two reduction peaks and oxidation peak were very
similar to the CY of the same solution of fenitrothion on a bare
glassy carbon electrode (GCE) which appeared correspondingly

0

at

-266 mY,

-788 mY, and

-206

mY respectively but slightly

shifted. However the reduction peak at -494 mY which did
not appear at the bare GCE cannot be explained at this time.
Table 2 shows the data on cylic voltammograms of the same
0.8

0.4

0
E

-0.4

(Y)

Fig. 3. Cyclic voltammograms ofO.J M Fe(CN)6-' in 0.1 M KCl
supporting electrolyte at different scan rates using the OV-1 OJ
modified graphite paste electrode. Initial E: -500 mV: FinalE:500 mV, Lower E: -1300 mV (see also Table 1 for data).

fenitrothion solution at different scan rates using the OY-101
modified electrode. 10 ppm fenitrothion in 0.04 M Britton
Robinson buffer solution (pH 9.4) is first preconcentrated for
two minutes each time with stirring at open circuit on the OV101 modified electrode after which the electrode is transferred
on a fresh solution of the supporting electrolyte, 0.04 M Britton
Robinson buffer solution (pH 9.4) and cyclic voltammograms
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Table 2. Cyclic voltammetric behaviour of fenitrothion (10 ppm)
at different scan rates using an OV-101 modified graphite paste electrode.
v

v·

Epa

Epc l

Epc2

Ipa

!p el

Ipc2

LIE(rnV),

(rnV/s)

(rnV)

(V)

(V)

(V)

(rnA)

(rnA)

(rnA)

Epa-Epcl

20

4.47

-0.198

No wave

-0.784

0.0085

No wave

-0.0325

-

-

40

6.32

-0.194

-0.228

-0.808

0.0165

-0.0105

-0.0480

34

1.6

50

7.07

-0.206

-0.236

-0.804

0.0205

-0.0145

-0.0550

30

1.4

80

8.94

-0.206

-0.236

-0.804

0.0325

-0.0225

-0.0735

30

1.4

100

10.00

-0.198

-0.242

-0.816

0.0420

-0.0305

-0.0835

44

1.4

'·

Ipallpcl

200

14.14

-0.188

-0.256

-0.816

0.0790

-0.0560

-0.1280

68

1.4

250

15.81

-0.188

-0.256

-0.816

0.1005

-0.0720

-0.1545

68

1.4

400

20.00

-0.180

-0.264

-0.840

0.1505

-0.1060

-0.2370

84

1.4

500

22.36

-0.178

-0.272

-0.876

0.1825

-0.1315

-0.3015

94

1.4

800

28.28

-0.156

-0.292

-0.876

0.2575

-0.1730

-0.5010

136

1.5

-2

lpc1
lpc2

-I

=

0.0076

vv.

=

0.0182

yY'-

- 0.0432

(r2

0.8876 (r2

=

=

0.9966)
0.9653)

From Table 2, it can be seen that the anodic peak potential
(Epa) and the first cathodic peak potential (Epc1) and their
peak separation (L\.E) are virtually constant at scan rates< 100
mV /s but the ratio of their peak intensities (lpa!Ipc1) suggests
that the electrode process is not fully reversible.

Electroamtlytical studies
Adsorp tive stripping analysis. The analytical application of

the OV -101 modified graphite paste electrode for the

2
0.4

0

-0.4

-0.8

-1.2

E(V)

determination of fenitrothion was explored using adsorptive
stripping voltammetry. This voltammetric technique involves

Fig. .f. Repetitive cyclic voltammograms of 10 ppm fenitrothion in
0.04 i\i Britton-Robinson buffer solution (pH 9.4) on the modified
electrode. Scan rate=250 m VIs; Initial E = 500 mV; FinalE= 500
mV Upper E = 500 mV: Lower E = -1300mV; No. of cycles= 10.

two steps: First is the preconcentration step where the pesticide
is preconcentrated at the modified electrode in an open circuit
at a fixed accumulation time (tacc) with constant stirring. The
second is the measuring step where the adsorbed pesticide is
stripped off from the surface of the modified electrode by
scanning the potential in an unstirred supporting electrolyte

were recorded in quiescent solutions. The modified electrode
surface is regenerated each time a new measurement is
performed. This can be accomplished by repetitive potential
cycling in solution of the supporting electrolyte until a

solution cathodically or anodically while recording the resulting
current. The direction of the scan depends on whether the peak
potential (Ep) being monitored is cathodic or anodic. For
fenitrothion, the stable anodic peak at- -200 mV as shown in

reproducible residual current (baseline) is achieved.

the repetitive cyclic voltammograms in Fig. 4 was monitored.

Linear plots of peak current (lp) vs. scan rate (v) were obtained

related to t h e concentration o f the pesticide in the

for all processes corresponding to an electrode behaviour
controlled by adsorption according to the following equations:
lpa

=

!pel
Ipc2

0.0003 v + 0.009 (r2

=

=

0.0002

v
0.0006 v

+

=

0.009 (r2

+ 0.019 (r2

0.9951)

=

0.9977)

scan rate, pulse amplitude and stirring rate were each optimized
one parameter at a time to give the highest peak current. For

equal slope as shown in the following equations:

•

0.0 I 06 v'1'- 0.0566 (r2
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•

contains the supporting electrolyte. Parameters such as
preconcentration pH, measurement pH, accumulation time (t.cc),

first reduction process and oxidation process having almost

I..:IMIKA

use two different cells, one for the preconcentration step which
contains the pesticide and another for the measuring step which

0.9895)

to an electrode behaviour also controlled by diffusion with the

=

preconcentration solution. It is necessary for this technique to

=

Plots of lp vs. vv. for all processes were linear corresponding

lpa

The peak current (lp) at the peak potential (Ep) is directly

=
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0.9920)

this purpose, a 10 ppm standard solution offenitrothion in 0.04

M Britton-Robinson buffer solution at different pH values were
prepared. The initial conditions used are an accumulation time
of 120 s at a stirring rate of300 rpm, scan rate of 100mV /s and
pulse height of 50 mV. The results of the optimization
experiments are shown in Table 3.

Differential pulse adsorptive stripping voltammetry of fenitrothion
on

a

Table 3. Optimization of variables for the differential

140

pulse adsorptive stripping voltammetric determination
of fenitrothion using the OV-101 modified graphite

120

paste electrode

100

Parameter
Preconcentration pH
Accumulation time (tacc), min.
Measurement pH
Scan rate, mY/s
Pulse amplitude, mY
Stirring rate, rom

45

polysiloxane modified graphite paste electrode

Tested
Ramze

Optimum
Value

3-13
2-20
3-13
20-250
25-100
300-600

9.4
10
9.4
30
25

<"

80

.s.

60

2..

y=O.Ol14x+2.3683
R2 =0.9987

40
20
0
0

600

2000

4000

6000

Fenitrothion

<
g

8000

10000

12000

(ppb}

-2

Fig. 6. Standard calibration plot for fenitrothion by differential
pulse adsorptive stripping analysis on the OV-101 modified
electrode.

-I

CONCLUSION

This study has shown that lower detection limits for fenitrothion
analysis can be achieved by adsorptive stripping analysis using

0

an OV-I 01 modified graphite paste electrode. Lower detection

-

limits and faster analysis are the potential advantages of this
method over conventional chromatographic determination.

2
-0.8

.

-0.4

0

0.4

E(V)

Fig. 5. Dijferential pulse adsorptive stripping voltammograms of
fenitrothion on OV-101 modified electrode. a) supporting
electrolyte, b) 1 ppb, c) 10 ppb, d) 100 ppb, e) 1 ppm, f) 5 ppm, g)
10ppm.
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