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Abstract: A simple first-order derivative spectrophotometric method was de-
veloped for the simultaneous determination of acetamiprid and 6-chloronico-
tinic acid (6-CNA) at pH 7.0. By using the zero-crossing approach, acetamiprid
was determined at 269.0 nm and 6-CNA at 216.0 nm with detection limits of
7.19x107 and 8.25x107 mol dm3, respectively, and relative standard de-
viations not exceeding 1.2 % in the case of model systems.
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INTRODUCTION

Acetamiprid ((E)-N1-[(6-chloro-3-pyridyl)methyl]-N2-cyano-N1-methylacet-
amidine, Fig. 1a) belongs to the most efficient class of insecticides nowadays,
called neonicotinoids, which account for about 24 % of the total insecticide mar-
ket.l Since its launch in the mid-1990s, products containing acetamiprid have
gained registrations for over 60 agricultural crops, including cotton, vegetables,
potato, orchards, vines, citrus, tea, and ornamentals.1 In addition, acetamiprid is
also of interest for the control of termites and household pests.l Acetamiprid is
marketed under avariety of names, including Mospilan, Dyken, Fertilan, Masuta,
Mospildate, Suntamiprid and V apcomere.2

6-Chloronicotinic acid (6-CNA), Fig. 1b, represents one of the synthetic
precursors,3 and also an intermediate of acetamiprid decomposition.48 These
facts impose the need for reliable analytical methods for the determination of
these two compounds in their mixtures. The analytical techniques used most
widely for acetamiprid determination are gas chromatography®10 and liquid
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chromatography (LC) with diode array (DA),47:11.12 mass spectrometric
(MS),6:7.13-20 and thermal lens spectrometric?! detection. Some alternative tech-
niques, such as enzyme-linked immunosorbent assay,22 spectrophotometry,23 co-
lorimetry,24 Fourier transform infrared spectroscopy® and voltammetry,6.25 have
also been employed to analyze different acetamiprid (and 6-CNA) containing
samples.
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Fig. 1. Structural formula of @) acetamiprid and b) 6-CNA.

Due to the widespread availability of the instrumentation, simplicity of pro-
cedures, speed, precision and accuracy, spectrophotometric methods enjoy wide
popularity. In addition, they are more economic and simpler, compared to me-
thods such as chromatography and electrophoresis.26 Except for a conference
proceeding,2’ no spectrophotometric methods have hitherto been reported as
papers for the simultaneous determination of acetamiprid and 6-CNA.

Severa techniques have been proposed for the treatment of spectrophoto-
metric data, with the objective of extracting the largest amount of analytical in-
formation from spectra composed of unresolved bands. Undoubtedly, a mgjor
success was achieved by the derivative treatment of the absorbance curves — plot-
ting the first- or a higher-order mathematical derivative of the absorbance against
wavelength (dA/d2). Derivative spectrophotometry offers a convenient solution to
a number of analytical problems, such as resolution of multicomponent systems,
remova of sample turbidity, matrix background and enhancement of spectral
details. For these reason, it has been applied in the analysis of different phar-
maceuticals, foods, cosmetics and environmental samples.2628.29 The same me-
thod was also applied for the simultaneous determination of pesticides or pesti-
cides and their degradation products,30-36

In this work, arapid, environmentally acceptable and inexpensive first-order
derivative spectrophotometric method was developed for the determination of
acetamiprid and 6-CNA in their mixtures.

EXPERIMENTAL
Chemicals and solutions

All chemicals used were of analytical reagent grade. Pestanal quality (Riedel de Haén,
Germany) was employed as the analytical standard of acetamiprid and 6-CNA. Stock solu-
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tions were prepared by dissolving the compounds in doubly distilled water to obtain a con-
centration of 5x10# mol dm3, which did not change over a long period when the solutions
were kept in the dark at 4 °C. Britton—Robinson buffer solutions were prepared from a stock
solution containing 0.04 mol dm3 phosphoric, boric and acetic acids (all Merck), respectively,
by adding 0.2 mol dm3 sodium hydroxide (Merck) to the required pH values, covering the pH
range of approx. 2-10.

Apparatus

Spectrophotometric measurements were performed on a PG Instruments T80+ UV-Vis
double-beam spectrophotometer (PG Instruments, United Kingdom). A digital pH-meter
(PHM 62, Radiometer, Denmark) and a combined glass electrode were used for pH measu-
rements.

Procedures

Sectrophotometry. Characterization of the individual optical behavior of acetamiprid
and 6-CNA was performed at the same molar concentration (4.34x10°° mol dm3) in the pH
range 2—10 and at wavelengths from 200 to 400 nm (A4 = 1 nm). Standard solutions for the
calibration curves were prepared by the stepwise dilution of the stock solution to obtain
concentrations in the range 3.69x10%-6.20x10"> mol dm3 for both compounds. Simultaneous
derivative spectrophotometric determinations were realized at 269.0 nm (acetamiprid) and
216.0 nm (6-CNA).

pH Measurements. A digital pH-meter, a glass electrode and a saturated calomel elec-
trode were used for all pH measurements. The glass electrode was previously calibrated using
commercia buffer solutions (Hanna Instruments, USA) in two separate ranges 1.68-6.86 and
6.86-10.01.

Validation of the analytical method. The linearity for the developed derivative spectro-
photometric method was checked in the concentration range of 3.69x106-6.20x10" mol dmr3,
The limit of detection (LOD) and the limit of quantification (LOQ) were calculated using the
following equations: LOD = 3s/m and LOQ = 10/m, where s is the standard deviation of the
blank and misthe slope of the calibration curve.

Data processing. The experimental data were plotted using Origin 6.1 software package.
The first derivative spectra were calculated using al data points in the range from 200 to 400
nm with A1 = 1 nm using the option differentiate. For noise reduction, the adjacent averaging
method was tested using different smoothing factors (3, 5 and 9). Calibration equations were
calculated using the linear fit option.

RESULTS AND DISCUSSION

To study the optical characteristics of the investigated compounds, the cor-
responding spectra were recorded in Britton—Robinson buffers (pH 2.0-10.0) in
the wavelength range 200400 nm. The representative spectra of acetamiprid and
6-CNA obtained at pH 7.0 are shown in Fig. 2. The spectrum of acetamiprid has
two discrete absorption bands with maxima at 216.0 and 245.0 nm, of which the
latter is much more intense. No significant changes in the absorption spectrum
were observed in dependence on the pH of the solution. As was described earlier,
the spectrum of 6-CNA also has two discrete, well-defined absorption bands with
the maxima at 224.0 and 269.0 nm, the former band being more intense.36.37 The
shape of the 6-CNA spectra and the positions of its maxima depended signifi-
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cantly on the pH value, especialy at pH < 4.0.36.37 At higher pH values, no
significant change was observed.36:37 In this context, pH 7.0 was selected for
further investigations. As can be seen from Fig. 2, the strong overlapping of the
spectra of the investigated compounds hinders their conventional spectrophoto-
metric determination in a mixture. Hence, derivative spectrophotometry was in-
vestigated to develop a method for their simultaneous determination.2’ The deri-
vative spectra of solutions containing the individual analytes were investigated in
order to optimize the derivative order. The first-order derivative spectrum showed
the highest sensitivity and a good resolution for the simultaneous determination
of the compounds. Higher derivative orders were discarded because the noise
attenuation was less effective and the signal became distorted.

1.04 3
0.8+
1 1
0.6
< 0.4+ 2
0.2
0 0' Fig. 2. Absorption spectra of
7 acetamiprid (1), 6-CNA (2) and
2é5 2éo 2%5 360 their mixture (3). Measurement

parameters. ¢, = ¢, = 4.34x10°
Al nm mol dm'3, pH 7.0.

The main disadvantage of the derivative technique is that the signal/noise
ratio becomes worse as the order of the derivative increases. Therefore, in prac-
tice, the derivative technique includes a certain degree of low-pass filtering or
smoothing, to control the noise increase, which is an inevitable consequence of
differentiation of the noise signal. The effect of smoothing of a peak-type signal
is to reduce the noise, which is desirable. However, it distorts the signal, which is
undesirable but unavoidable.2® Thus, optimization of the smoothing factor is very
important for obtaining the appropriate signals. In the present study, the adjacent
averaging method was tested using smoothing factors of 3, 5 and 9, and the ob-
tained curves were compared with the unsmoothed ones (Fig. 3). Smoothing fac-
tor 5 was selected, because this yielded good sensitivity, without significant sac-
rifice of the signal/noise ratio.

The smoothed first derivative spectrum of both compounds has more zero-
crossings, of which those at 216.0 nm in case of acetamiprid and 269.0 nm in
case of 6-CNA offer better sensitivity for the determination of the second com-
pound (Fig. 3c). At these wavelengths, all the absorption is attributed to a single

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS



SPECTROPHOTOMETRIC DETERMINATION OF ACETAMIPRID AND 6-CNA 915

compound. The effect of the concentration of the analytes on both zero-crossing
points was studied in the range of 3.69x106-6.20x10-> mol dm3. The zero-
crossing values sel ected were independent of the concentration.
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Fig. 3. Unsmoothed (a) and smoothed (b—d) first-order derivative spectra of acetamiprid
(1) and 6-CNA (2). Measurement parameters: ¢; = C, = 4.34x10° mol dm3, pH 7.0;
smoothing factors: 3 (b), 5 (c) and 9 (d).

Using the selected conditions, linear graphs of dA/dl vs. analyte concen-
tration were obtained in the concentration range of 3.69x106-6.20x10° mol
dm=3 for both analytes. The calculated values of the LOD were 7.19x10~/ and
8.25x10~7 for acetamiprid and 6-CNA, respectively. The relative standard de-
viation (RSD) values did not exceed 1.2 % (1.0 % for 6-CNA and 1.2 % for acet-
amiprid).

The good recoveries and low RSD values reflect the high accuracy and pre-
cision of the proposed derivative spectrophotometric method. The method is sen-
sitive, simple, rapid and inexpensive, thus making it a convenient alternative tool
for the determination of acetamiprid and 6-CNA in their mixtures.
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U3BOA

JEPUBATHUBHO CIIEKTPOOOTOMETPUICKO OJAPEBUBAKBE ALIETAMUIIPUIA
Y IIPUCYCTBY 6-XJIOPHMKOTHHCKE KHNCEJIMHE

VALERIA J. GUZSVANY?, CATbA JT. JASURZ, HATAILIA BUIIAKOBIR! n ZSIGMOND J. PAPP!

! Nedapiimar 3a xemujy, 6uoxemujy u 3auitiuiiy xusoiine cpedure, IpupodHo—maitiemaitiuyxu Gaxyaitieil,
Yuusepauitieii y Hosom Cady, Tpz JI. O6padosuha 3, 21000 Hoeu Cad u *Iomoiipuspednu gaxyiteit,
Ynusepauiteii y Hosom Cady, Tpz 1. O6paoosutia 8, 21000 Hosu Cao

[pemnoskeHa je jeqHOCTaBHA JEPUBATHBHA CIIEKTPO(POTOMETPHjCKA METO/a 32 HCTOBPEMEHO
onpehuBame aneramunpuaa U 6-xnopuukorurcke kucennne (6-CNA) mpu pH 7,0. Tlpumemyjyhun
MIPUCTYII HyJITOT IIpeceka aleTaMuIpun je oapehusan y mozen cucremy Ha 269,0 nm a 6-CNA na
216,0 nm, ca rpaHunamMa AETEKIHje O 7,19x107 u 8,25x107 mol dm3, peooM, U CTaHAapAHOM
neBujanijom MamwoM of 1,2 %.

(IIpumsbeno 17. jyna 2011, peBumupano 10. peGpyapa 2012)
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