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Abstract. Two procedures for the determination of active 
components in insecticide formulations have been de- 
vised. The first is based in the use of derivative spectra of 
the components obtained by a diode-array spectro- 
photomer around the maxima signal of the chromato- 
graphic peak. In the second method, mixtures are re- 
solved by the partial least-squares (PLS) regression 
method from standard spectra of the pure components; 
spectra of the components were also registered around the 
maxima signal of the peak. Both procedures have been 
applied to the analysis of diverse mixtures of active com- 
ponents (piperonyl butoxide, neopynamine and fenit- 
rothion) in insecticide formulations with satisfactory 
results. 

Introduction 

One of the most serious problems with which chromato- 
graphy workers are confronted is the occurrence of only 
partially resolved peaks arising from coelution of solutes 
in the sample or from similarities between their retention 
times. Traditionally, this type of problem was addressed 
by modifying the experimental conditions by trial and 
error until the aforesaid errors were minimized. Thus, 
different mobile or stationary phases (columns) or even 
working techniques (e.g., isocratic or gradient elution) 
were tested, which was time-consuming and involved con- 
sumption of expensive solvents. 

The advent of multi-dimensional detection systems 
and the affordability of personal computers provided with 
software allowing storage and subsequent processing of 
chromatographic data, has fostered the development 
of new experimental procedures for the characterization 
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of unresolved peaks. There are four basic alternatives of 
computer-assisted resolution of chromatographic peaks 
[1], namely: 

(a) Fitting the chromatogram peak to known func- 
tions. There are some precedents to the use of this alterna- 
tive in gas chromatography, ranging from the use of 
Gaussian and non-Gaussian models to convoluted 
Gaussian curves with exponential decay and fast Fourier 
transform techniques. Solutions involving comparison 
of logarithmic spectra [2] or use of recent chemo- 
metric methods [3-7] have been tested in liquid 
chromatography. 

(b) Integration by tracing a line perpendicular to the 
baseline from the valley between two peaks or one joining 
the valley and the end of the second peak (skimming) by 
computing the area of each separately from the two zones 
thus established. 

(c) Use of derivative techniques. As far as practical 
applications are concerned, the information supplied by 
derivative spectroscopy used as detection system in liquid 
chromatography has been exploited in two different ways, 
namely: i) By using the first derivative of the elution 
profile obtained at the wavelength of the absorption max- 
imum. In theory, the derivative should be zero at this 
point and therefore the disappearance of the main peak 
may reveal the presence of other constituents with differ- 
ent absorption features. This procedure is called "null 
spectral derivative technique" [8]; ii) By using the com- 
plete derivative obtained by recording the elution profile. 
This procedure, known as "spectral derivative mapping 
technique" was theoretically studied by Grant et al. [9], 
who discussed specific cases where 'the spectral curves of 
potential impurities lay within the :spectral band of the 
major components. This procedure has been applied in 
the resolution of diverse mixtures '[10, 11]. 

(d) Use of multivariate curve resolution methods, Ini- 
tially, these methods use only one data matrix from one 
sample in the numerical analysis and they cannot directly 
provide quantitative information. On the other hand, 
higher order calibration and resolution methods [12-14] 
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directly provide the quantitative information desired, but 
are not intended to recover the real qualitative responses. 
Recently, new methods have been devised [15, 16], in 
which the number of components, the spectral profiles 
and their concentrations, are determined. These methods 
habitually use the normal spectra of the components, but 
not the derivative spectra. 

In the present work, two new procedures have been 
developed by using a diode-array spectrophotometer as 
chromatographic detector. In the first procedure, the sec- 
ond derivative spectra of the components are used, which 
are obtained around the maxima signal of the overlapped 
chromatographic peaks. In the second method, a multi- 
variate statistical tool, the partial least-squares (PLS) 
method has been applied to the first and second derivative 
spectra of the mixture, also registered around the max- 
imum signal of the chromatographic peak. Combination 
of PLS and derivative spectrophotometry has been de- 
scribed previously [17], but no application to the 
chromatographic peak has been reported. Fundamentals 
and detailed aspects of PLS method have been described 
in the literature [18, 19]. Both procedures, which have 
been applied to the analysis of active components 
(piperonyl butoxide and neopynamine) in insecticide for- 
mulations, make possible the easy transformation of 
a chromatographic problem into a spectrophotometric 
problem. 

Experimental 

Apparatus 

The spectra were recorded on a Hewlett-Packard 8452 
A diode-array spectrophotometer linked to a data system 
(Lab Calc, from Galactic Ind. Co.) for data acquisition 
and storage. The system was coupled to a quaternary 
pump (Hewlett-Packard, 1050 series). The analytical col- 
umn was a 10 gm Lichrosorb RP-8 (25 cm x 4.6 mm i.d.) 
from Merck. 

Reagents 

All reagents were of analytical grade, and acetonitrile 
(mobile phase) was of LC grade. Standard solutions of the 
insecticides were prepared by dissolving piperonyl butox- 
ide, neopynamine and fenitrothion (Chem Service Inc.) in 
acetonitrile at different concentrations. 

Procedure 

In the first procedure (simple derivative method), the sol- 
vent flow-rate was set at 2 mL min- 1 and 20 ~tL of each 
sample were injected. The detector was set to collect 
a spectrum every 1 s (over the range 190-310 nm). Spec- 
trophotometric measurements were performed between 
the maximum (peak) and minimum (valley) and second- 
derivative spectrum, viz. between 226-230, 230-234, 
234-238 and 238-242 nm for neopynamine, 206-214 nm 

for piperonyl butoxide and 200-210 nm for fenitrothion. 
A calibration graph was previously constructed for each 
component from solutions of known concentrations of 
each. The concentration of neopynamine should be be- 
tween 2.8 5.2 x 10 5 mol/L, that of piperonyl butoxide 
should be in the range 1.4 2.6 x 10 4 mol/L and that of 
fenitrothion between 6-14 x 10 -5 mol/L. 

In the second procedure (multivariate method), the 
mobile phase was acetonitrile-methanol-water (7:1.5: 1.5). 
The solvent flow rate was set at 2 mL min - 1 and 20 gl of 
each sample were injected. The detector was set to collect 
a spectrum every 0.5 s (over the range 190-270nm). 
A mean spectrum of the spectra conforming the chromato- 
graphic peak was calculated for each injection and stored 
on disk. This mean spectrum was used for all subsequent 
data processing. A calibration set of solutions (training 
set) was prepared. The concentration details are given in 
Table 3. 

Calibration. PLS multivariate calibration is used to re- 
solve and quantify the overlapping spectra. The max- 
imum number of factors used to calculate the optimum 
PRESS (predicted residual error sum of squares) was 
selected as 5 (half the number of standards) and only one 
sample was left out in each analysis. The PRESS values 
provide a measure of how well the training set is predict- 
ing the concentration, as each factor is added to the 
model. We selected as optimum the number of factors for 
the first PRESS value whose F-ratio probability drops 
below 0.75 [17]. In Table 4, the statistical results obtained 
for PRESS and F probability are summarized. 

With this procedure, the best results were obtained 
using the second derivative spectra of the mixture over 
four wavelengths (212, 216, 234 and 256 nm) and a num- 
ber of factors of three. 

Results and discussion 

The mixtures of fenitrothion, neopynamine and piperonyl 
butoxide show peaks with a great overlapping in liquid 
chromatography under the experimental conditions habit- 
ually used. In Fig. 1A a chromatogram of a mixture of 
piperonyl butoxide and neopynamine is shown as 
example; an appreciable overlapping is produced. The use 
of the second-order derivative spectra obtained around 
the maximum signal of the chromatographic peak makes 
possible the discrimination of the spectral bands of each 
component of the mixture. Zero-order uv-visible spectro- 
photometry cannot be used for this purpose owing to 
extensive spectral overlap of the absorption bands of 
these compounds (Fig. 1B), but the second order-derivat- 
ive spectra show different peaks (Fig. 1C) which make 
possible the resolution of the mixtures. A similar situation 
is observed in the other mixtures investigated. 

The single second-order derivative spectrum of neo- 
pynamine shows different peaks, which allow to realize 
measurements at various wavelengths, whereas piperonyl 
butoxide and fenitrothion show each one peak only, both 
at lower wavelengths (Fig. 2). In all cases, the measure- 
ments of the derivative signal are made between a 
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Fig. 1. A Chromatogram of a mixture 
of piperonyl butoxide and 
neopynamine. B Zero order spectra of 
both components obtained around the 
maxima signal of the chromatographic 
peak. C Second order derivative under 
the same conditions (PB: measurement 
interval for piperonyl butoxide; N: 
measurement interval for 
neopynamine). Concentrations: 
2 x 10 -4 mol/L of Piperonyl butoxide 
and 4 x 10 -s mol/L of neopynamine 
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Fig. 2. Second order derivative spectra of 
piperonyl butoxide (1), neopynamine (2) and 
fenitrothion (3) 

Table 1. Figures of merit of the calib- 
ration graphs Insecticide Calibration equation Wavelength range Coeff, of % RSD 

(nm) correlation (n = 6) 

Neopynamine h = 0.0661 C + 0.0008 226-230 0.997 0.97 
h = 0.0834 C + 0.0063 230-234 0.994 0.86 
h = 0.0785 C + 0.0050 234-238 0.990 0.82 
h = 0.0760 C + 0.0125 238 242 0.990 1.29 

Piperonyl butoxide h = 0.0853 C + 0.1953 206-214 0.994 2.11 

Fenitrothion h = 0.0257 C - 0.0143 200 210 0.998 2.50 

Table 2. Results of the quantitation of the unresolved commercial 
mixture of piperonyl butoxide and neopynamine a 

Method u Piperonyl butoxide Neopynamine 
(10 .5 mol/L) (10 s mol/L) 

1 34.5 9.1 
2 31.3 9.5 
3 21.9 5.1 
4 20.4 4.1 

a Stated concentrations: Piperonyl butoxide, 20.4x 10 -5 mol/L; Neo- 
pynamine: 4.0 x 10 -5 mol/L. 
b Method used in the quantitation of the unresolved mixture: (1) Con- 
ventional absorption spectrophotometry. (2) Liquid chromatography. 
(3) Liquid chromatography -zero order spectrometry. (4)Liquid 
chromatography - second derivative spectrometry 

m a x i m u m  (peak) and  a m i n i m u m  (valley), the intensi ty of 
which is dependent  on the concent ra t ion  of the corres- 
ponding  compound.  Table  1 lists the figures of merit  of 

the cal ibrat ion graphs run  for the three substances investi- 
gated. 

The procedure was compared with other methods: 
convent ional  absorpt ion  spectrophotometry  (without 
chromatographic  separation), l iquid chromatography,  
and  liquid chromatography  using the convent ional  
spectra of the peak and the second-order  derivative 
spectra. Results obta ined with the b inary  mixture neo- 
pynamine-p iperonyl  butoxide are shown in Table  2. Pro- 
cedure 4 (proposed in this work) offers the more precise 
recovery. Similar results are obta ined with the other 
b inary  mixtures. 

The procedure devised was applied to the resolution 
of three b inary  mixtures of the insecticides investigated. 
These mixtures were artificially prepared  with a com- 
posi t ion similar to commercial ly available formula- 
tions. The results are summarized in Table 3. This 
method  makes it possible to analyze compounds  showing 
appreciable overlapping in their chromatographic  
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Formulation Piperonyl butoxide Neopynamine 
r io .  

Stated Found Stated Found 
concentration (10 .5 mol/L) concentration (10 5 mol/L) 
(10 -5 mol/L) (10 5 mol/L) 

Fenitrothion 

Stated 
concentration 
(10 -s mol/L) 

Found 
(10 5 mol/L) 

1 20.3 20.7 4.0 3.9 - - 
2 20.0 20.8 - - 10.0 10.1 
3 - 5.0 5.4 8.0 7.9 

"The values are based on repetitive measurements on six samples 

Table 4. Statistical PRESS and F parameters 

Factor Press F ratio Probability 

0 175.11 167.27 0.999987 
1 11.91 11.37 0.998230 
2 1.97 1.88 0.804728 
3 1.05 1.00 0.500000 
4 1.19 0.00 - 
5 - 0.00 - 

Table 5. Analysis of binary mixtures by the liquid chromatography-PLS 
method 

Piperonyl bu tox ide  Neopynamine 

Stated Found Stated Found 
concentration (10 5 mol/L) concentration (10 .5 tool/L) 
(10 -s mol/L) (10 s mol/L) 

Artificial 20.0 19.9 4.0 3.7 
formulation 

Commercial 20.4 21.5 4.0 3.8 
formulation 

peaks, wi thout  modification of  the experimental variables 
used. 

On  the other  hand, partial least-squares (PLS) multi- 
variate calibration has been used to resolve and quantify 
the overlapping insecticide patterns. The PLS technique 
includes a calibration step where the relationship is estim- 
ated from a set of reference samples. This step is followed 
by a prediction, in which the results of the calibration are 
used to predict or estimate the componen t  concentra t ion 
from the unknown  sample spectrum. The PLS method 
has been applied in our  case to derivative spectra ob- 
tained a round  the chromatographic  peak. 

Two effective ways of determining the op t imum num- 
ber of  factors were used (Table 4); first, the PRESS was 
calculated and, second, a statistical test was performed 
based on the F-test. The PRESS value provides a measure 
of how well the training set is predicting the concentrat ion 
for each number  of factors. The F statistic was used to 
determine the significance of PRESS values greater than 
the minimum. As the difference between the min imum 
PRESS and other  PRESS values becomes smaller, the 
probabil i ty that  each addit ional factor is significant 
becomes smaller too. As an F-rat io  probabil i ty of 0.75 has 

been recommended [18], the number  of factors for the 
first PRESS value whose F-rat io  probabil i ty drops below 
0.75 has been selected in our  case. The max imum number  
of factors used to calculate the op t imum PRESS was 
selected as 5. 

This procedure has been applied to mixtures of  
piperonyl butoxide and neopynamine  using chromato-  
graphic variables which produce a larger overlapping and 
in which the application of the simple derivative method 
is more  difficult. The results obtained (Table 5) are good. 
The PLS multivariate method  can therefore be used as an 
alternative method  to the first procedure (simple derivat- 
ive method) described in this paper  when a large overlap- 
ping is produced,  a l though this first procedure offers 
greater simplicity and can be recommended for most  
situations. 
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