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ABSTRACT

Theelectrochemical reduction behaviour of chlomethoxyfen has been stud-
ied using d.c. polarography, cyclic voltammetry, millicoulometry and con-
trolled potential electrolysisin universal buffersof pH valuesranging from
2.0t0 12.0 in double distilled-water. Kinetic parameters such as diffusion
coefficient (D) and heterogeneous forward rate constant (K°,,) values are
evaluated and reported. A reduction mechanismis proposed in consistence
© 2011 Trade Sciencelnc. - INDIA

with the data obtained.

INTRODUCTION

Thereareincreasing kindsof chemical substances
intheenvironment that causelargesocid problems. Sev-
erd hundred variouspesticidesare soiled worldwidein
agriculturd production, among thesechlomethoxyfen[5-
(2,4-dichlorophenoxy)-2-nitroanisol€] (Figurel) isone
of theimportant and apotent herbicide'3, whichisef-
fective against many annual weeds and some perenni-
a2, Pesticidesrunoff from agricultural landsimpacts
thewater environment!® and some of the pesticides
areendocrinedisputing compounds®”. Therefore, itis
necessary to limit the chemica substancesdischarged
into the environment asmuch aspossible, and soto
remove them as completely as possible. To remove
pesticidesfrom water in the environment, photochemi-
cal decomposition by ultraviolet irradiation!®,
ozonation® or dkdinehydrolys §°° haveusudly been
used.

Very little attention has been paid to the el ectro-
chemical study of thiscompound. Thiswork ducidates
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the electrochemical behaviour of chlomethoxyfen by
using d.c. polarography and cyclic voltammetry.

EXPERIMENTAL

A PARK Model 364 polarographic analyzer
coupled with BD 8 Kipp and Zonen x-t recorder was
used for d.c. polarographic measurements. Cyclic
voltammetric experiments were performed using
Meterohm E-506 polarecord coupled with E-612 VA-
scanner, E-648 VA controller and adigital electronics
2000 X-Y /t recorder. All e ectrochemica measurements
were carried out using aconventional three electrode
designat 298K, Thedropping mercury €l ectrode (with
anareaof 0.0223 cm? and flow rate of 2.73 mgs?) and
hanging mercury drop e ectrode (with anareaof 0.0328

OCHs

Cl
Figurel: Chemical structureof chlomethoxyfen
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Figure?2: Typical d.c.polarogram of chlomethoxyfen in pH
2.0, concentration: 0.5mM, drop time: 3Sec

TABLE1: Typical d.c. palarographic dataof flumetralin, con-
centration: 0.5mM, droptime: 3s
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Figure3: Typical cyclic voltammogram of chlomethoxyfenin
pH 12.0, concentration: 0.5mM, scanrate: 40 mvV's?!

TABLE 2: Typical cyclic voltmmetric data of flumetralin,
concentration: 0.5mM, scan rate; 40 mVms?

pH -EplV  lgpA  an, Dx10%cm?s! Ko ./cms? pH -Ep/V IplpA an, Dx10%cm?s! Ko /cms?
”0 38010 90 084 9.28 1.86x10™ 0 8010 71 085 9.01 1.70x10"
b)023 40 048 3.20 2.02x10° b)026 36 051 3.62 3.26x10°
0 8027 87 082 8.90 2.14x10° 40 8026 64 075 8.60 2.56x10°
b)0.38 38 0.39 291 6.06x10° b)043 31 042 353 6.86x107
60 8041 83 084 8.60 2.90x10°® 60 8041 58 082 8.20 6.32x10°
b)052 30 044 2.68 4.06x10° "~ b)055 26 043 341 6.26x10°°
80 056 77 075 7.60 4.20x100 80 057 52 071 7.70 4.82x100
100 0.70 75 081 7.12 9.90x102 100 0.72 47 082 7.74 8.30x10
120 085 71 080 6.40 3.64x10 120 084 43 079 7.10 2.10x10Y

a) first peak, b) second peak

cm?) were used as working el ectrode (SCE) for d.c.
polarography. A platinum counter electrodewas used
for the above techniquesto compl etethe e ectrolytic
circuit. Amodified cl, withmercury pool cathode, SCE
platinum (withan areaof 0.03022 cm?) wiregauzeelec-
trode and spot gal vanometer, was used for controlled
potentia eectrolyss.

Pure chlomethoxyfen wasobtained form Hindustan
Ciba-Geigy Ltd., Bombay and was used without fur-
ther purification. Universal buffersof pH 2.0-12.0 were
prepared by using 0.M boric acid, 0.05M citric acid
and 0.1M trusodium orthophosphate. All chemicasused
wereof pureanaytic grade. Stock solution was pre-
pared by dissolving the required amount of
chlomethoxyfen in doubledistilled water and making
up withthe supporting €l ectrolyteto obtain thedesired
concentration. Thetest solutionwas purged with puri-
fied nitrogen gas for 10 minutes before the
voltammograms were taken. 0.02% aqueous sol ution
of Triton X-100 wasused to diminatethe polarographic
maxi maencountered throughout the polarogram.

a) first peak, b) second peak
RESUTLSAND DISCUSSION

Chlomethoxyfenisfoundto givetwowd | resolved
waves/pesksinthepH range2.0t0 6.0. Thefirst waves
peaksarefound to be dueto the reduction of thenitro
group to hydroxylamineinafour eectron processand
the second to the reduction of the hydroxylamineto
amineinatwo electron process. Thewaves/pesksheight
ratiosarefoundto be2:1. However, in akalinesolu-
tions(pH 8.0to 12.0) thetitlecompound exhibitsonly
afour el ectron waves/peakswhich correspondsto the
reduction of the nitro group to hydroxylamine. Inthe
akainemedium, hydroxylamineisnot reduced further
to amineowingto thenon-availability of protons. Typi-
ca voltammogramsareshowninfigure2 and 3.

In Cyclic voltammetricexperiments, asmal anodic
peak (a) has been observed in the reverse scan at
higher pH values (pH > 10) asshowninfigure3. Inthe
second scan, another small cathodic peak (c,) at more
positive potentialsthan ¢, isnoticed. Theanodic peak
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Figured4: 1.R.spectrum of thereduction product of chlome-
thoxyfen

(a) may beattributed to the oxidation of reduced prod-
uct at ¢, (R-NHOH — R-NO + 2e + 2H*) and the
cathodic peak (c,) tothereduction of theoxidised prod-
uct at a (R-NO + 2e + 2H* — R-NHOH). Thisre-
dox coupleisnoticed to beirreversible asevidenced
by the separation of their E, values.

Thediffuson controlled and absorption freenature
of theelectrodefromthelinear plotsof i , vsh*2and ip
vsv¥2passing throughorigin. Incydicvoltammetry, the
current function ip/Cvl’zisfound tobefairly constant
with scanrate (v) dsoindicating the el ectrode processes
to befreefromkinetic complications. Theirreversible
natureof thewave(s) isconfirmed by logarithmic plotg*2
and for each reduction process E, isplotted against
[logi/(i-i)—0.5461ogt] anditisfoundto beapprecia-
bly exceeding 54.2/nmV. Further thefact that E,, and
E are observed to be shifted towards more negative
vaueswithincreasing concentration of chlomethoxyfen
indicated theirreversible nature of the electrode pro-
cess¥. Theirreversihility isalsoindicated by thevaria-
tion of peak potential (Ep) with scanrate (v) incyclic
voltammetry.

Thereduction potentials of the chlomethoxyfen
peaks are found to be dependent on pH and found to
shift towardsmore negative potentialswithincreasein
pH of thebuffer solutionsindicatingtheprotoninvolve-
ment inthe e ectrode process. From the equation(*?,
dE,, -0.05915

dopH ~ an a
where, p=number of protonsinvolvedintheratede-
termining step
n,=number of electronsinvolvedintherate determin-
ingstep
o =transfer coefficient
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p, for the reduction of nitro group isfound to be one.
Thean, vauesfor thereduction of nitro grouparefound
to beintherangeof 0.86-0.98 indicating that two el ec-
tronstakepart intherate determine step223. A similar
stoichiometry of ratedetermining step for thereduction
of nitro group has been reported*4,

Thenumber of eectronsinvolvedinthereduction
processis calculated from the results obtained with
millicoulometry. In pH 2.0, the ‘n’ isfound to befour
andtwofor thefirst and second wavesrespectively. In
pH 12.0 only four-electron additionisindicated. Hence,
thereduction product of chlomethoxyfeninbasic me-
diaislikely to behydroxylmine. Theformulation of hy-
droxylamineisaso evidenced form cydicvoltammetric
measurements, whereit underwent further oxidationto
anitrosoderivativeinthereverse scan with an appear-
ance of anew anodic peak. Thenitroso-hydroxylamine
istheultimate reduction product. Thesameresultsare
obtai ned through controlled potentid dectrolysis (CPE)
experiments. Control potentia € ectrolyssiscarried out
inpH 2.0and 12.0 at -0.25V and -0.90 V vs. SCE
and theproducts areidentified ascorresponding amine
(N-H stretch: 3425 cm?, 3355 cm* and N-H bend:
1625 cnr! (Figure4)) and hydroxylamine respectively
through |.R. spectral data.

Thetypica kinetic parametersof theeectrodepro-
cess evaluated from d.c. polarography and cyclic
voltammetry arereportedinTABLE 1and 2. Thevaria-
tion of diffusion current and peak current with the pH
of the supporting electrolyte influencesthediffusion
coefficient vduesasoto vary inthesame manner. The
reason for dight decreasein D valueswithincreasein
pH may beattributed to thelessavailability of protons
withincreasein pH. Thediffusion coefficient values
obtained fromthetwo techniquesareseento beingood
agreement dueto the adsorption free nature of theelec-
trode process.

The heterogeneousforward rate constant values
(K®,,,) obtainedfor thereduction of nitrogroupinacidic
medium from thetow techniquesarefoundto be high
indicating that therate of reactionisfastin acidic solu-
tionsdueto thefact that theinvolvement of protonsis
high. In basi c medium, the reduction process does not
easi|y occur owingtothelessavailability of protons.
Therefore, lower rate constant val ues are obtained.

Based on theresults obtai ned, the e ectrochemical
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reduction behaviour of chlomethoxyfen can be pro-
posed asfollows:
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Scheme 1 : The electrochemical reduction behaviour of
chlomethoxyfen

—= Py/] Peper
ACKNOWLEDGEMENT

The author (KB) thanks for UGC [No.F.31-24
(SC) 2007 (SA-I11)], New Delhi for providing Post
Doctora Fellowship.

REFERENCES

[1] JM.Jocobs, N.J.Jacobs, T.D.Sherman, S.O.Duke;
Plant Physiol., 97, 197 (1991).

[2] M.Hikiwa; Pest Management Science, 15, 562
(2006).

[3] R.Schulz, SK.C.Peall; Environ.Sci.Technal., 35,
422 (2001).

[4] M.J.Shipitalo, L.B.Owens; Environ.Sci.Technal.,
37, 944 (2003).

[5] R.N.Lerch, PE.Blanchard; Environ.Sci.Technal.,
37, 5518 (2003).

[6] W.M.Kluwe; JAgric.Food Chem., 59, 71 (1981).

[7] W.M.Kluwe; JAgric.Food Chem., 59, 84 (1981).

[8] Y.Hirahara, Y.Sayato, K.J.Nakamuro; Jon.J. Toxicol.
Environ.Health., 44, 45 (1998).

[9] T.Okumura; Jpn.J.Soci.Water Environ., 15, 62
(1992).

[10] R.Greenhalgh, K.L.Dhanan, P.Weinberger;
JAgric.Food Chem., 28, 102 (1980).

[11] H.Drossman, H.Johnson, T.Mill; Chemosphere, 17,
1509 (1988).

[12] L.Meites (Ed.,); Polarographic Techniques, 2™
edition, Interscience New yuork., 1632 (1965).

[13] R.Goto, I.Tachi, Sbornik Mazinarad; Polarograf
Sjezdu, Prozu, 1% Congress, Part 1., 69 (1951);
Chem Abstr., 46, 6967c (1952).

[14] A.K.Mishra, K.D.Gode; Analyst., 110, 31 (1985).

e, Onganic CHEMISTRY
Au Tudian Yournal



