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ABSTRACT

A simple polarographic method is developed for the determination of
imidacloprid. It isaneonicotinoid group of insecticide and chemically known
as 1-(6-chloro-3-pyridylmethyl)-N-nitroimidazolidin-2-ylideneamine. This
insecticide was analyzed in sodium acetate buffer of p" 7.2 in methanol
water medium in the concentration range from 1x10#to 5.2x10“ M. The
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developed method isapplied for the determination of imidacloprid in pesti-
cide formulations and spiked water samples. These obtained results are
compared with UV —Vis Spectrophotomerty. The developed method is simple,
easy and inexpensive, thus making of an excellent tool for theroutine analy-

sis of pesticides.

INTRODUCTION

Imidacloprid[ 1-(6-Chloro-3-pyridyl methyl)-N-
Nitroimidazollidin-2-ylideneamineg] (Figure 1) belongs
to the new class of insecticideknown as neonicotinoid
insecticides, and actson the nicotinic acetylcholinere-
ceptor and, therefore have specific activity against the
insect nervous system. Imidacl oprid ismarketed under
variety of namesincluding Gaucho, merit, Admire,
Confidor, Macho and Winner. Imidacloprid physical,
chemical and toxicol ogicd propertieshave been sum-
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Figurel: Sructureof Imidacloprid
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marized in apesticide manua™. Thisunique modeof
action makesthem highly desirablefor controllingin-
sectsthat are devel oping resi stanceto conventional or-
ganophosphate, carbamate and phyrethorid insecti-
cided?. Imidaclopridisasystematic and contact insec-
ticide, effectivein controlling aphid’s, thrips, potato,
battle and other harmful pest species?d. Although
imidacloprid hasbeenin usefor arelatively short pe-
riod compared to other common pesticides, it iscon-
Sderedto beusedinthelargest volumeglobally of all
insecticides*¥. The mechanism of Imidacloprid action
has been studied extensively, and isrelatively well
known. It actsasagonist by binding to nicotinic acetyl-
cholinereceptor intheinsectsnervoussystem. Thisleads
to theaccumulation of acetylcholineresultingin the pa-
ralysisand death of insectd”.

Because of wide and constantly growing areas of
application, highwater solubility (0.58 gL*) and water
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Figure2: Typical polar ogram of Imidacloprid

stability of >30 days(at pH 5-7)1¥, imidaclopridisin-
creasingly present in environment. All abovefactsindi-
catetheneed for new anaytica methodsfor the deter-
mination of thisneonicotinoid, bothincommercid for-
mulationsand redl samplesfrom theenvironment, using
thepossbly smpleandlow costinstrumenta techniques.

Widely used analytical techniquesfor imidacloprid
determination are high — performance liquid chroma-
tography (HPLC) with diode array!®*Y, mass— spec-
trometricl’2¥, thermal lens spectrometric* or
amperometric detection*. Someadternativetechniques
likean enzyme-—linked immunosorbent assay*517, fluo-
rimetry*® and Fourier transform infrared spectros-
copy!® have a so been employed for rapid, selective
anaysisof different samplescontainingimidacl oprid.
Severd dectroand yticd methodssuch asdifferentid —
pulse polarography!®! or square — wave adsorptive
stripping voltammetry on ahanging mercury drop e ec-
trodel?Y have al so been described for the determina-
tion of imidaclopridin commercia formulationsand
spiked river water samples. The applicability of bis-
muth- film modified glassy carbon electrodefor the
monitoring of photocata ytic degradation of imidacloprid
onTiO, catalyst was al so described, widening thus
thefield of useof environment friendly bismuth—modi-
fied carbon—based electrodes!?24. Onthe other hand
arecent publication® described, photochemical trans-
formation of imidacl oprid, alowing highly sengtiveand
selective, indirect determination of both parent com-
pounds and their stable degradation products using
HPLC with an el ectrochemical deter and el ectroana-
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lytical determination of imidacl oprid using carbon paste
electrodes RE werea so described. Asfor asweknow,
thereare no publicationsyet that would deal with de-
termination of imidacloprid by spectrophotometry us-
ing 2, 2 -BPL and Potassium ferricynide as reagents
and d.c polarogaphi c dataof thiscompound in sodium
acetate as supporting el ectrolyte.

In this present investigation d.c polarographic
method for the determination of imidacloprid in com-
mercia formulationsand spiked water samplesarere-
ported and these results are compared with spectro-
photometric studies.

EXPERIMENTAL

Reagentsand solutions

All chemica sused wereof anaytical reagent grade.
A 99% purereferences standard imidaclopridisob-
tained from Hyderabad chemicalsLtd, Hyderabad, In-
dia A Stock solution of 1.0x102 of imidaclopridispre-
pared by dissolving the required quantity of the sub-
stancein methanol and made up with methanol and di-
luted to get the desired concentration.

The 1M sodium acetate-supporting e ectrolytewas
prepared by dissolving 34 gr of substancein 500 ml of
doubledistilled water. 0.2 % of Triton X -100 wasused
asmaximum suppressor in the present study.

Apparatus

The current-voltage curves arerecorded using a
D.C. polagraph, modd CL-358 coupled with EPSON
LX-300+ printer manufactured by Elico Pvt Limited
(Hyderabad, India).

Shimazu UV- Vis bledoubl e beam spectrophotom-
eter (Mode 2450) with 1 cm matched quartz cellswere
used for al the spectral measurements.

RESULTSAND DISCUSSION

D.C.polrographicresults

Two well defined waves are observed in
d.c.polarograpy in pH range5.0to 10 which areattrib-
uted to the reduction of two nitro groupsto diamine
involving six electronseach. Typical polarogram of
imidacl opridin sodium acetate supporting e ectrolyteis
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Figure5: Calibration plot of Imidacloprid with spectropho-
tometry (Method A)

showninfigure2. A detailed study of the various pa-
rametersinvolved in thereduction of imidaclopridis
presented in acetate supporting el ectrolytein thefol -
lowinglines.
Effect of p™

In 0.15 M sodium acetate supporting €l ectrolyte
with 3.2x10* M imidacloprid two cathodic peaksare
found. The p™ of themediumischanged Sepwisefrom
5.0t010.0. Thehaf wave potentia of both thewaves
shifted to negativevaueswithincreasing p* from5.0to
10.0indicating proton involvement in both the steps of
electrode reduction process. The wave heights in-
creased withincreasing p upto 7.2 further decreased
withincreasing p". Thewavesarewell definedin p™
7.2. (Figure 3) Sop™ 7.2 issdected for further studies.

Effect of variation of supporting electrolyte

Variation of supporting el ectrolyte concentration
from 0.05to 0.4 M showsadight changein both the
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Figure4: Calibration curveof Imidaclopridin 0.15M sodium
acetate, pt: 7.2, methanol: 10%
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Figure6: Calibration plot of Imidacloprid with spectropho-
tometry (M ethod B)

waveheightsof 3.2x10*M Imidaclopridat pH 7.2. The
diffusion current increased with increasein concentra-
tion upto 0.15 M and then decreased thereafter. So,
0.15M supporting e ectrolyteistherefore, used inthe
present study.

Effect of concentration of imidacloprid

Imidaclopridisused from 1x104t05.2x10“* M at
p" 7.2 in sodium acetate medium maintaining 10%
Methanal. It isobserved that both thewave heights, i
(1) andi, (I1) increased proportionately indicating diffu-
sion controlled nature of the el ectrode process .With
increasing concentration, half —wave potentials of both
thewaves (I and 1) shifted to more negative values
pointing out irreversiblenatureof reductionof nitro group
of imidacloprid. A cdibrationplot of i ; vs. Cisshownin
figure4 and valuesarereportedin TABLE 1.

Effect of height of themercury pressure
Thelimiting currentsof boththewavesin0.15M
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TABLE 1: Effect of Concentration of Imidacloprid, Sodium
acetate: 0.15M, p™': 7.2, methanol: 10%

SNo  Concentration,C x10*M lq() A 14(11) pA
1 1.0 0.48 0.76
2 2.0 0.82 1.36
3 2.4 1.06 1.85
4 2.8 1.21 2.1
5 32 1.42 2.45
6 36 1.55 2.69
7 4.0 1.70 2.94
8 4.4 1.83 3.28
9 48 2.08 351
10 5.2 2.30 3.85

TABLE 2: Effect of height of themer cury column, Sodium ac-
etate: 0.15M, p+: 7.2, Imidacloprid : 3.2x10* methanol: 10%

S. Height of themercury 14(1) 1,0 vh Id(LI) 111/ Vh
u

No column, h cm pA
1 50 159 02248 255 0.3606
2 55 164 02211 268 0.3613
3 60 170 02194 279 0.3601
4 65 176 02183 290 0.3597

TABLE 3: Effect maximum suppresser (TritonX-100)

SNo Conc_entration of Current Current
TritonX-100 L4() (nA) 14(11) (nA)
1 0.000 1.40 213
2 0.002 1.36 2.10
3 0.004 1.32 2.05

TABLE 4: Optical characteristicsof proposed methodsby
spectrophotometry

Parameters Method A Method B
Amax nm 486 363
Beer’s Law limit (ug ml™) 0.5-12 2-22
Molar absorptivity (L. mol™*cm?) 2.43X10* 1.33X10*
Specific absorptivity 0.0095 0.0520
Sandell’s sensitivity (pg.cm™?/0.001 A.U)  0.1052 0.0192
Correlation coefficient (r%) 0.998 0.995
Regression equation (Y = mX + C)
Slope (m) 0.096 0.048
Intercept (C) 0.007 0.009
% Relative Standard deviation 0.5698 0.4731
Color Orange red Bluish green

sodium acetate mediumincreased withincreasng mer-
cury pressure at 3.2x10* M concentration of
imidacloprid at p" 7.2 and id/\/h arefound to be con-
stant showing diffusion controlled nature of thewaves
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andthevaluesaregiveninTABLE 2.
Effect of maximum suppressor

Theeffect of Triton X-100 was studied on polaro-
gram of Imidacloprid keeping the concentration of
Imidacloprid at 3.2x10*M and sodium acetate at
0.15M and pt at 7.2. Itisfound that TritonX-100 sup-
pressed the pesk by 15-20 % initialy upto the concen-
tration of 0.002% and the wave height remained con-
stant from 0.004% on words. The observations are
presented inTABLE 3.

Effect of temperature

Temperaturevariation from 20-50°C on 3.2x10*M
Imidaclopridin 0.15M sodium acetateat p 7.2 wasstud-
ied and found that temperaturevariation haslittle effect
ontheshapeof the polarogram .Thelimiting current is
increased by 2% per degreeriseof temperatureindicat-
ingdiffusion controlled nature of theprocess.

Spectrophotometricresults
Preparation of ssandard pesticide solution

100 mg of thelmidacloprid (Pureor equivaent for-
mulation) wasaccurately weighed and dissolvedin 20
ml methanol, after the substance was dissolved com-
pletely, it was treated with 10 ml 5N HCI and 4g of
Zincdust. Thesolutionwasalowed to undergo reduc-
tion by allowingit to stand for one hour. After one hour
the solutionwasd owly filtered through cotton wool and
theresidue waswashed with about 10-15 ml of water.
The solution wasfinally made upto themark in avolu-
metricflask. Thefina concentration of imidacloprid was
brought to 100 pg/ml with methanol. The stock is fur-
thered diluted to required concentrations of working
pesticide solutionsfor methodsA and B.

In case of formulations, an amount equivaent to
100 mg of theimidacl oprid was shaken with 25 ml of
methanol for 5 min and the mixture was centrifuged.
The supernatant solution wasfiltered by decantation
.Theresiduewasextracted four timeswith 10 ml por-
tionsof methanol. Thefilterateand extractswere com-
bined and diluted to 200 ml with methanol and thedilu-
tion was carried out in the same manner as described
for standard solution.

Method A
Aliquotsof standard pesticide solution of Imidaclo-
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TABLE 5: Determination of Imidacloprid in spiked water
samples(Tap water)

D.C. polarography Spectrophtometry

Amount
found*

Amount

No. 'BKeN.  Amount Recovery Standard

Recovery Standard

ppm found*ppm % deviation % deviation
ppm
1 15 1477 98.51 0.38 1.482 98.8 0.11
2 20 1.975 98.78 0.23 1973 9866 0.40
3 25 2484 99.38 0.22 2486 9944 0.20
4 30 2971 99.04 0.11 2973 9912 0.17

*Each value is an average of three determinations

TABLE 6: Determination of Imidacloprid in for mulations

L abeled D.C.polar ograpy Spectr ophotometry
Name of the t Amount
formulation 2MOUN found* Recover Standard Amount Recover Standard
ppm %upnm y (%) deviation found*ppm y (%) deviation
4.0 3.87 96.83 1.42 3.86 96.5 1.32
Confidar
6.0 593 9883 1.25 5.92 98.77 0.85
4.0 386  96.58 1.42 3.88 97.08 0.62
Gaucho
6.0 5.78 96.44 1.66 5.78 96.33 1.62

*Each value is an average of three determinations

pridrangingfrom0.1to 1.2ml (1-12 pg/ml) were trans-
ferred to aseries of 10 ml graduated tubes. To each
tube 1 ml of 2, 2- bipyridyl solution was added fol-
lowed by 1ml of ferric Chloride sol ution and theresult-
ing sol ution was heated for 15 mina 100°C and cool ed,
finaly 2 ml of orthophosphoric acid wasadded. The
volumewas made upto 10 ml with distilled water and
the absorbance of the orange colored product was
measured at 486 nm against the corresponding reagent
blank. Theamount of Imidacl oprid wascomputed from
the Beer- Lambert’s plot.

Theresultsobtained in thismethod werebased on
reduction of Fe* to Fe™ followed by complex forma-
tiontoform orange col ored product that exhibited maxi-
mum absorption at 486 nm agai nst the corresponding
reagent blank.

Method B

Aliquots of standard pesticide solution of
Imidacloprid rangingfrom0.2t0 2.2 ml (2-22 pg/ml)
weretransferred to aseriesof 10 ml graduated tubes.
To each tubeferric chloride (0.5% 1 ml), potassium
ferricyanide (0.2%, 2 ml) were added and kept aside
for 10 min. To thesetubesconc. HCI (1N, 1 ml) was
added and the absorbance of bluish green colored prod-
uct wasmeasured at 363 nm against the corresponding
reagent blank. Theamount of Imidacl oprid was com-
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puted from the Beer —Lambert’s plot.

Theresults obtained in this method were dueto
redox reaction foll owed by complex formation between
thepesticide, potassumferricynideand ferric chloride
to form abluish green col ored sol ution that exhibited
maximum absorption at 363 nm againgt the correspond-
ing reagent blank.

In order to ascertain the optimum wavel ength the
absorption spectrawere scanned in the wave length
region of 250-700 nm agai nst acorresponding reagent
blank. Thereagent blank absorption spectrum of each
method wasrecorded againgt distilled water. Thecon-
centration vs. absorbance plotsof thesysemsareillus-
tratedinfigure5and 6.

For each method the opticd characteristicssuchas
absorption maximum, Beerslaw limits, molar absorp-
tivity and Sandell’s sensitivity for these methods are
presented inTABLE 4.

Analysisof imidaclopridin spiked water samples
and itsformulations

100 ml of water sampleis spiked with known con-
centration of the pesticidedissolved inmethanol . The
sampleisextracted with trichloromethane and washed
with 0.1M potassi um carbonate solution and dried over
anhydrous sodium sul phate. The organic phasewas
evaporated and theresidueisdissolvedin methanol in
50 ml flask. Knownaliquot of the solutionistakenand
andyzed maintai ning optimum condition. Theamount
of pesticideisdetermined from calibration graph and
theresultsareshownin TABLEDS.

Theabove devel oped procedurewas successfully
employed for the determination of Imidaclopridintheir
formulations. Therequired quantity of Imidaclopridfor-
mulations (Confidar, Gaucho) corresponding to stock
solution concentration of 1x102 M was accurately
measured and transferred into a100 ml flask and made
up withmethanol Theassay resultsof Imidacloprid for-
mulationsaregivenin TABLEG6.

CONCLUSIONS

Imidacloprid, aneonicotinoid classof insecticide,
and acts on the nicotine acetylcholine receptor and,
therefore have specific activity against theinsect ner-
voussystem. Imidacl oprid exhibited twowell —defined
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diffusion controlled reduction wavesin smple experi-
mental conditions of 0.15M sodium acetate in 10%
methanol at p" 7.2. The irreversible nature of the
d.c.polarographic reductionisidentified by log plot
graphs.

These results obtained are compared with spec-
trophotometric methods. Good recoveriesandlow rela-
tive standard deviationsreflect the high accuracy and
precision of the proposed method. Moreover, the
method issmple, easy andinexpensive, thusmaking of
anexcdlent tool for the determination of imidacloprid
in pesticideformulationsand spiked water samples.
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