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ABSTRACT

A sensitive differential pulse adsorptive stripping voltammetric method for
the determination of oxabetrinil with universal buffer sol ution was described.
Themethod was based on the adsorptive accumulation of oxabetrinil at Hang-
ing Mercury Drop Electrode (HMDE). The cyclic voltammograms demon-
strate the adsorption of this compound at the mercury electrode. A system-
atic study of various operational parametersthat affect the stripping response
was carried out by DP-AdSV with accumulation potential of-1.0V and
ccumulation time 60 sec. From the calibration method, it is observed that the
peak current shows a trend found to be linear over the concentration range
1.0x 10®M to 1.0x 10°>for with lower detection limit 0.99x 107 M. Relative
standard deviation and correlation coefficient were found to be 0.97% and
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0.996 for oxabetrinil.

INTRODUCTION

Oxabetrinil [(2)-1, 3-dioxolan-2-ylmethoxyimino
(phenyl) acetonitrile] havelong persistencewhichleads
to accumulation in soil and cropsthat havebeen treated
directly. Prevention of negative effects of herbicides
requiresasystemic control of their remainsin agricul-
tural products, food, soil and water.

Parillaet d .1 employed SPE and HPL.C photo diod
array detection for determination of pesticideresidues
inwater samples. Mooreet d.? reported multi residue
andytica method for andysisof pesticidesinwater us-
ing SPE and LC-MS. Bosschereet al.® gpplied daph-
niamagnabio assay for rapid screening of incecticide
residuesin dogsand cats. Reddy et al.*® extensively
studied dectrochemica behaveour of azomethinegroup
containing pesticides.

© 2011 Trade Sciencelnc. - INDIA

MATERIALSAND METHODS

Thed ectrochemica measurementswerecarried out
withmodel Metrohm 757 VA computrace. Threeelec-
trode systems consisting of hanging mercury eectrode
(HMDE) asworkingelectrode, AQ/AQCI (salt KCl) was
used asareference el ectrode and aplatinumwireasan
auxiliary electrode which displays negative potential
range. ElicoLi-129 model glasscalome combined elec-
trode was employed for measuring pH vaues. All re-
agentsused were of analytical reagent grade. Double
distilled water was used throughout the. In the present
investigation universal buffersof pH range2.0t012.0
are used as supporting el ectrolytes and are prepared
by using 0.2 M boric acid, 0.05M citricacidand 0.1M
trisodium orthophosphate sol utions. Oxabetrinil ob-
tained from Meghamani Organics Ltd., Paldi,



620

Electrochemical behaviour of the herbicide oxabetrinil

ACAIJ, 10(9) 2011

Full Peper ==

Ahmedabad, India. The purity of the pesticide sample
wastested by thinlayer chromatogragphy and dso meting
point determinations.

Differential pulse-adsor ptivestripping voltamme-
tricstudies

By using DP-AdSV oxabetrinil yielded single pesk
at HMDE (Figurel). Thispesk wasfollow to establish
the optimum conditions. Thestandard additionand cali-
bration methods have been employed to estimate
oxabetrinil inenvironmenta matrices.
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Figure 1: Typical differential pulse adsorptive stripping
voltammogram of oxabetrinil at HM DE (pH 4.0): (1) accumu-
lation time: 60 sec., accumulation potential: -1.0V; rest time:
10 sec.(1) concentration 1. 0x 10°M, (2) blank

Effect of pH

ThepH of asolutionisacritical factor affecting
both therate and equilibrium state of the accumula-
tion process and rate of the el ectrode reaction. The
influence of the pH on the DP-AdSV response was
studied at HMDE at 1.0 x 10°M with accumul ation
times 60 sec. respective electrode between pH 2.0
t0 6.0t can be observed from Figure 2 that the maxi-
mum peak potentialswere obtained withpH 4.0. The
shift of the peak potential stowards more negative
valuesindicating proton participation in the reduc-
tion process.
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Figure2: Effect of pH on oxabetrinil solution at HM DE; accu-

mulation time: 60 sec.; accumulation potential: -1.0V; rest

time: 10 sec., stirring rate: 2000 rpm; scan rate: 40 mVs?;

pulseamplitude: 25 mV

Effect of accumulation potential

Theinfluenceof theaccumulation potential onthe
AdSV signal wasstudied with accumulation time of 60
sec. at HMDE for 1.0 x 10° M oxabetrinil solution.
From the Figure 3 it was observed that i ) valuefor -
1.0V at pH 4.0 because of an increase accumulation
rate, dueto themorefavourableaignment of molecules
by theelectricfield at thee ectrode solution interface.
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Figure3: Effect of accumulation potential on the DP-AdSV
responseof oxametrinil at HM DE; accumulationtime: 60 sec;
rest time: 10 sec., stirring rate: 2000 rpm; scan rate: 40
mV's?; pulseamplitude: 25 mvV
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Effect of accumulation time

Figure 4 shows plot of cathodic peak current for
adsorptive stripping voltammetry againgt accumulation
time(t_ ) for different concentrationsof oxabetrinil. At
first, peak current increased linearly witht__indicating
that before adsorptive equilibrium reached, thelonger
the pre-concentration time, the more the oxabetrinil
were adsorbed and larger the peak current. However,
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after 60 sec., the peak current tended to levd off, illus-
trating that adsorptive equilibrium of oxabetrinil onthe
mercury electrode surfacewas achieved.
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Figure4: Effect of accumulation timeonthe DP-AdSV re-
sponseof oxabetrinil at HM DE; accumulation potential: -1.0
V; rest time: 10 sec., stirring rate: 2000 rpm; scan rate: 40
mVs?; pulseamplitude: 25 mvV

Effect of scan rate

The effectsof varying the potential scan rateon
the reduction peak current of oxabetrinil were exam-
ined. Thereduction peak current increaseslinearly with
scan rate over therange from 25 mVs'to 60 mvs?
as expected for the reduction of oxabetrinil being
adsorbed. Best sensitivity wasachieved at ascan rate
of 40 mVs* for oxabetrinil.

Characterisation of peak / wave

Oxabetrinil werefoundtoagiveasinglewell de-
fined peak in acidic solutions (2 < pH < 6). Increase of
pH from 4.0 leadsto decrease of the peak current. In
the acidic medium the peak of the compoundisdueto
the reduction of >C = N group in two €electron pro-
cess. Typica cyclic voltammogram of oxabetrinil are
showninFigureb.

ELECTRODE MECHANISM

Based ontheaboveresultsand fromtheliterature,
thefollowing reduction mechanism may be proposed
for oxabetrinil inentirepH rangeisshownin Scheme 1.

Kineticdata

Kinetic parameterssuch asdiffuson coefficent, trans-
fer coefficient and heterogeneousforward rate contents
for oxabetrinil aregivenin TABLE 1. Thediffuson coef-
ficent vd ueswerencticedto bein good agreement from
cydicvoltammetry. Theheterogeneousforward ratecon-
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santsweredecreasingwith anincreasein pH of thesup-
porting e ectrolyte, which may account for the shift of
reduction potential stowardsmore negativeva ueswith
increaseinpH. Thistrendisparticularly evident where
theprotontransfer isinvolvedinthee ectrode process.
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Figure5: Typical cyclic voltammogram of oxabetrinil at pH
4.0 concentration: 0.5 mM ; scan rate: 50 mVs?
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Scheme 1 : Reduction mechanism of oxabetrinil

TABLE 1: Typical cyclic voltammetric data of oxabetrinil
concentration: 0.5mM scanrate: 50 mv's?

smrjgp(())fr:ihneg B By, DX K
e a 2 -1 ~1
electrolyte v HA on- s ens
2.0 099 130 0.38 232 6.12x10°
4.0 1.05 120 0.30 213 812x10%
6.0 113 108 0.23 179 321x10“

— a%a['yttaa[’ CHEMISTRY
A ndian ﬂoawﬂ/



622

Electrochemical behaviour of the herbicide oxabetrinil

ACAIJ, 10(9) 2011

Full Peaper ===
Analysis

Wl defined and well resolved wave / peak of
oxabetrinil obtained at pH 4.0 was used for the quanti-
tative determination of oxabetrinil in environmental
samples. Both calibration and standard addition meth-
odsareused for the quantitative determination of the
oxabetrinil. Fromthecalibration method, itisobserved
that the peak current showsatrend foundto belinear
over the concentrationrange 1.0x 108M to 1.0x 10°
for with lower detection limit 0.99 x 10" M for
oxabetrinil For Sreplicates, relaive standard deviation
and correl aion coefficient werefound to be 0.97% and
0.996 for oxabetrinil.

Recommended analytical procedure

The stock solution (1.0 x 10° M) of oxabetrinil
are prepared by dissolving the required quantity of
the electroactive speciesin methanol. Standard solu-
tionsare prepared by dilution of stock solution with
suitable amount of methanol. 1 mL of the standard
solutionistransferredinto voltammetric cell andismade
with 9 mL of the supporting e ectrolyteand then deoxy-
genated by bubbling oxygen free nitrogen gasfor 10
min. After recording the voltammogram, small incre-
ments of standard solutions (0.2 mL) are added and
then voltammograms are recorded for each addition
under similar experimental conditions. The optimum
conditionsfor theanayticd determination of oxabetrinil
at pH 4.0 arefound to be drop time of 2 sec., pulse
amplitude of 25 mV and applied potentia of -1.0V
for oxabetrinil.

Deter mination of oxabetrinil in water samples

River water samples, which received run-off wa-
ter from agricultural field, were collected form
swarnamukhi river belt, Vakadu, Nelloredistrict, A.P,

TABLE 2 : Recoveries of oxabetrinil in spiked water
samples

Amount Amount Recovery  Standard
Sample  added found (%) y deviation
(ng/mL) (pg/mL)
Wat 4.0 3.81 95.25 0.021
er
(Cresk) 8.0 7.81 97.62 0.007
12.0 115 96.50 0.016
4.0 3.96 99.00 0.009
Water 8.0 7.91 98.77 0.010
(River)
12.0 11.80 98.33 0.018
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India. These sampleswerefiltered through aWhatman
No.41 filter paper and added with known amount of
oxabetrinil were added. Aliquots of water samples
weretakenina25mL graduated tube, toit buffer solu-
tion was added and analysed asdescribed above. The
recoveries of oxabetrinil intwo smplesranged from
98.0% to 99.3% and the resultsare summarized in
TABLE 2.

Deter mination of oxabetrinil in soil samples

The same procedure has been applied for the de-
termination of oxabetrinil insoil samplescollected from
Pennar delta, Nellore, Swarnamukhi delta Vakadu,
NdloreDt, AP, India. Collected soil sampleweredried
and alowed to passthrough a2.8 nm sieve and subse-
quently homogenisedinball mill. Aliquots (50 g) of soil
samplewere added with known amounts of both solu-
tionsand kept contact for 24 hours. After this period,
themixturewasextracted with 20 ml of methanaol three
times. Thesolvent evaporated and theresiduewasdis-
solved inmethanol and subjected to voltammetry. By
meansof standard addition method, the quantity of her-
bicidewas estimated. Therecoveriesintwo samples
ranged from 95.00% to 99.00% and are given in
TABLE3.

TABLE 3: Recoveriesof oxabetrinil in spiked soil samples

Amount Amount

added  found Recovery Standard

Sample

(ng/mL) (ng/mL) (%) deviation
Soil 4.0 380 9500  0.031
(Swarnamukhi 8.0 7.82 97.75 0.017
delta) 120 1156 9633  0.026
_ 4.0 3.96 99.00 0.019
(SFc’)éllﬂnadeIta) 8.0 7.90 98.75 0.010
12.0 11.82 98.50 0.018
CONCLUSION

In conclusion, the proposed work asmpleand eco-
nomical low consumption differentia pulseadsorptive
stripping voltammetric method can be used satisfacto-
rily for determination of oxabetrinil in soil and water
samples. Theproposed method usngAdSV not only is
oneof themost sensitivemethodsfor thedetermination
of oxabetrinil but also excellent intermsof selectivity
andsmplicity.
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