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ABSTRACT The liquid chromatographic separation of permethrin enantiomers on
chiral b-cyclodextrin-based stationary phase has been investigated. All four enantiomers
are obtained by using simple methanol and water mobile phase, under gradient mode.
The method was optimized and validated. The relationship between temperature and
chromatographic parameters: k0 (capacity factor), a (separation factor) and Rs (resolu-
tion factor) was studied. Van’t Hoff’s curves for each enantiomer were plotted for tem-
perature range 288–318 K. It was noticed that the response factor ratio of permethrin
isomers differ and calculated value is found to be 1.66 (cis/trans, for n = 5). This method
has been used for determining permethrin enantiomer ratio for a few samples of work-
ing standards and one formulation. Chirality 22:527–533, 2010. VVC 2009 Wiley-Liss, Inc.
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INTRODUCTION

Great public concern is associated with the use of pesti-
cides. The environmental significance of chirality is still
poorly understood although every fourth currently used
pesticide is chiral.1 Now-a-days, the demand for stereose-
lective separation techniques and analytical assays to
evaluate enantiomer purity has increased. Pyrethroids are
synthetic compounds with 1–4 chiral centers,2 which
makes them the family of pesticides with the highest
number of enantiomers. The insecticide permethrin is a
member of this group.

This broad spectrum of pyrethroid is used in veterinary
medicines, agriculture, forestry, home pest control, and
public health programs. It is approved by the Food and
Drug Administration for treatment of headlice3 and lately
are used for therapy of opportunistic infections in HIV
infected patients.4

Permethrin is an ester of the dichloro-analogue of chrys-
anthemic acid and 3-phenoxybenzyl alcohol. The cyclopro-
pane ring in its structure results in asymmetric carbon
atoms at positions C-1 and C-3 giving four stereoisomers
(Fig. 1). as two pairs of cis- and trans-configurations with
respect to the plane of the cyclopropane ring.5 The optical
ratio of 1R:1S is racemic. The individual stereoisomers
differ widely in toxicity,6 metabolism, and biological acti-
vites.7–9 High insecticide toxicity is generally associated
with the 1R configuration of the chiral cyclopropane ring
adjacent to the carbonyl group.10 It was reported that cis-
permethrin is 10-fold more toxic than the trans-isomer,11

1R-cis-enantiomer is 15–38 times more active than the
1S-cis-enantiomer, and the 1R-trans-isomer is substantially
more toxic than the 1S-trans-enantiomer.4 Trans-isomers
of pyrethroids degrade faster in environment than

the cis-isomers.12,13 In soil media, under aerobic
conditions, 1R-cis-permethrin degrades more slowly than
1S-cis-permethrin.14

Permethrin is a neurotoxin as are all synthetic pyreth-
roids, and it kills insects by strongly exciting the nervous
system. Its mode of action is similar to that of the organo-
chlorine DDT.15 Permethrin’s health effects include
suppression of the immune system,16 lymph node and
spleen damage, and carcinogenesis.17 Residues in foods
are a public health problem because it is known that a
major route of exposure to pesticides and other environ-
mental contaminants is through the diet.18–20 It is reported
that permethrin residues are the 10th most frequently
detected in food.21 Thus, it was found in 44% of analyzed
peach baby food products.21 Also, there are data that
permethrin may be five times more toxic to children than
adults.21 In spite of the many recent reports2,22 about
pesticide residues of pyrethroids, there are few data on
their enantiomers in foodstuffs.

Chromatography is the most common method for
enantiomeric analysis. Gas chromatography (GC) is the
primary method used in analyses of pesticides.23 Many of
published GC-methods are not adequate for enantiosepara-
tion of compounds.24 In comparison to GC, high-perform-
ance liquid chromatography (HPLC) has little risk of
epimerization during analysis.7 However, HPLC is more
suitable for nonvolatile, polar, and thermally labile pesti-
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cides,25,26 and also, can tolerate large volume injections of
samples.23 Among chiral stationary phases used for HPLC
columns, there are various types of sorbents based on
cyclodextrins and their derivatives.27 The sorbent Chira-
Dex1 consists of spherical silica particles with covalently
bonded b-cyclodextrin28 with seven glucose units, as chi-
ral selector. Geometrically seen, cyclodextrins are
described as truncated cones, were all the secondary
hydroxy groups are directed toward the larger opening,
and the smaller opening at the other end is formed by
primary hydroxy groups. The enantiomers of racemic sub-
stance mixture, due to their opposite configurations, can
be associated to different degrees with the cyclodextrin
molecules. Thus, ‘‘inclusion complexes’’ are formed, based
on hydrophilic interaction between cavity and guest mole-
cule and stereoselective hydrogen bonds between glucose
molecules and the guest molecule. All three usual
cyclodextrin (CD) sorbents (a, b, and g) have different
selectivities and enantiorecognition capacities due to their
different cavity diameters and lengths, and they are
suitable for chiral resolution of small, medium, and large
molecules, respectively. However, there are data that
a-CD includes single phenyl and naphthyl groups (small
molecules), b-CD accepts naphthyl and heavily substituted
phenyl groups, and g-CD attracts bulky steroid
molecules.29

The separation and analysis of permethrin stereoiso-
mers has been investigated.7,30–36 Different HPLC
columns were used in RP and NP modes of analysis. The
separations were not very successful, especially for trans-
permethrin enantiomers, and the reported analyses had
very long run times. Yang et al.7 investigated chiral chro-
matographic separation of permethrin on five different
polysaccharide-based stationary phases and obtained only
three separated peaks of permethrin. Lee and Salvador30

presented chiral HPLC analysis methods and proposed
them for various studies of pesticide enantiomer pairs in
soil and water with two overlapped peaks of cis-enantio-
mers and not separated trans-enantiomers. Edwards and
Ford31 used irregular silica with cellulose based chiral
HPLC-column and as they reported ‘‘slightly’’ improved
resolution with a longer run time of 80 min. Liu et al.35

investigated the enantioselectivity by HPLC and GC. By
GC on a b-cyclodextrin-coated column they separated the
cis-permethrin enantiomers with retention times of 84.0

and 85.4 min, but trans-permethrin was not separated.
Novas et al.36 with NP chromatography obtained four
permethrin enantiomer peaks using Pirkle type columns.
Anadon et al.37 in their toxicokinetic studies with HPLC,
and also Chalanyova et al.38 and Tulve et al.22 in their
recent study separated and quantified only cis- from trans-
permethrin.

The purpose of our study was to achieve better separa-
tion of permethrin enantiomers and to develop a faster,
simpler, and more suitable HPLC method in comparison
with earlier reported methods. Permethrin may be
described as medium-large molecule, and, there are no
published data for successful RP HPLC analysis of perme-
thrin enantiomers. In this study, a chiral b-cyclodextrin-
based stationary phase was employed because it contains
35 stereogenic centers. We assumed that this sorbent can
be useful because of its many applications for various
compounds. The proposed method was optimized and
validated. Also, the influence of temperature on the
chromatographic parameters: k0 (retention factor), a
(separation factor), Rs (resolution factor) was studied.
From the obtained experimental data, Van’t Hoff’s curves
were plotted over the temperature range: 288–318 K. The
response factor ratio of the permethrin isomers was also
calculated. The validated method was finally applied for
enantiomer ratio analysis of a few samples of working
standards and powder formulations for veterinary use.

MATERIALS AND METHODS
Chemicals and Materials

A racemic permethrin standard substance was used,
which is a mixture of isomers: cis-/trans- 69/30%, m/m
(Supelco, Bellefonte, PA). Another working standard of
racemic permethrin standard mixture (94%, m/m) and
racemic trans-permethrin (97%, m/m) was obtained from
Dr. Ehrenstorfer (Augsburg, Germany). Sample of
‘‘Tapilan’’-veterinary powder (permethrin 2%, m/m),
produced by Dovert Ltd. (Israel) was purchased.

HPLC grade solvents were used in this work: Chromo-
solvR ethanol was from Riedel-de HaënR (Sigma-Aldrich,
Germany), and LiChrosolv1 methanol was from Merck
(Darmstadt, Germany). Purified water was obtained from
TKA water purification system (Germany). All solvents
and water were filtered by 0.45 lm white Nylon Millipore
filters (Millipore Corporation, Billerica, MA), and all work-
ing standard solutions and working sample solutions were
filtered by Econofilter nylon membrane syringe filters
(0.45 lm) from Agilent Technologies (Germany), just
before application.

Apparatus

The chromatography was performed with a Perkin
Elmer HPLC-system equipped with: quaternary pump
model Series 200, autosampler model SERIES 200, detec-
tor DiodeArray 235C, link Nelson 600 Series, and LC 101
Oven equipped with a L-7614 degasser from Merck
(Germany). The software used was TotalChrom Navigator
6 (Perkin Elmer).

Fig. 1. Chemical structure of the four stereoisomers of permethrin.

528 SHISHOVSKA AND TRAJKOVSKA

Chirality DOI 10.1002/chir



Chromatographic Conditions

A LiChroCART1 HPLC-column with ChiraDex1 station-
ary phase was used with dimensions: length 250 mm and
i.d. 4.0 mm, particle size 5 lm and pore size 10 nm, from
Merck (Darmstadt, Germany). Separation of permethrin
enantiomers was achieved with mobile phase of metha-
nol/water, at a constant flow rate 1.4 ml min21, UV-detec-
tion at 215 nm and with a column oven set at 298 K. The
gradient elution program found as optimal was as follows:
0–16 min isocratically methanol/water 56/44 %, V/V, then
to 30 min linear gradient from 56 to 70% methanol, and
then methanol/water ratio returned directly to the starting
conditions and re-equilibration of the system for 10 min.

Data Analysis

The chromatographic parameters were calculated from
the following equations:

k0 ðretention factorÞ : ðt � toÞ=to;

aðseparation factorÞ : k02=k01;

Rsðresolution factorÞ : 2ðt2 � t1Þ=ðw1 þ w2Þ;

Gibbs�Helmholtz equation : DG� ¼ �RT ln ðk0=uÞ ð1Þ

(R is the gas constant, T is the absolute temperature,
and u is the column phase ratio (ratio of the stationary
phase volume to the mobile phase volume)).

From the Gibbs energy equation, using the enthalpy,
DHo, and entropy, DSo, changes, the retention factors are:

ln k0 ¼ �DH�=RT þ DS�=R þ lnu ð2Þ

ln a ¼ ln ðk02=k01Þ ð3Þ

DðDG�Þ ¼ �RT ln a ¼ DðDH�Þ � TDðDS�Þ ð4Þ

RESULTS AND DISCUSSION
Method Development

The retention behavior of permethrin enantiomers was
studied under different chromatographic conditions. Dur-
ing optimization of the method, at first the isocratic mode
was used and then gradient elution with mobile phases
consisting of methanol and water in different ratios, at vari-
ous column temperatures and with varying flow rates to
maintain adequate separation. Methanol was used as the
most powerful organic modifier for the chosen stationary
phase, as recommended by the column manufacturer.39

The idea was to avoid buffer solutions using simpler
mobile phases. The separation of cis-enantiomers was very
simple, but this was not the case with the trans-enantio-

mers. The separation of cis-enantiomers can be achieved
under isocratic conditions at lower flow. Separation of
trans-enantiomers was more successful with a lower con-
tent of organic modifier, but this increased the separation
time of cis-enantiomers and the run time of analysis as
well as peak broadening. So, it was necessary to raise the
flow rate and/or apply a gradient. The linear gradient was
used after the 16th min of analysis to elute the cis-enan-
tiomers faster and to give better peak shape.

The UV spectrum of the permethrin isomers standard
dissolved in ethanol shows two absorption bands at about
215 and at 273 nm. To give higher sensitivity, the first
band with higher absorption was selected as the detection
wavelength.

The suitability and selectivity of the method in the
presence of alkaline produced degradation products was
investigated. Permethrin is stable in acid but unstable in
alkaline solutions.32 Alkali-induced degradation of perme-
thrin was previously described5 but it was not studied with
respect to enantiomer separation. The degradation prod-
ucts are observed in the chromatogram of the permethrin
standard solution with a few drops of 0.1M NaOH. They
have retention times in the range 6–8 min, and they do not
interfere with the permethrin enantiomer peaks. The
major degradation products of permethrin isomers are the
cis- and trans-isomers of 3-(2,2-dichlorovinyl)-2,2-dimethyl-
cyclopropane carboxylic acid and 3-phenoxybenzyl
alcohol.40 Furthermore, 3-phenoxybenzoic acid, 3-(40-
hydroxyphenoxy) benzyl alcohol and 3-(40-hydroxyphe-
noxy)-benzoic acid may also be present.3,33,40 It was not
the purpose of this work to identify these. The UV spectra
of the dominant degradation products are very similar to
all four trans- and cis-enantiomers. They all have bands
with maxima at 200 nm, shoulder at 225 nm, minima at
255 nm, and bands with low intensity at 275 nm.

Influence of Temperature to Chromatographic
Parameters

Temperature is one of the conditions which influence
separation.41,42 There are at least two different effects of
temperature on resolution.43,44 The first effect has a
kinetic nature, and it is related to viscosity and diffusion
coefficients in the mobile phase. At higher temperature,
viscosity is lower and the mass transfer is enhanced in the
mobile phase, and, thus, diffusion coefficient is higher at
mobile phase and at stationary phase. The second effect
has a thermodynamic nature, and it is in relationship with
a and with the separation of the components. The degree
to which temperature affects resolution is dependent on
the analyte and the sorbent. The kinetics of inclusion com-
plex formation between enantiomers and cyclodextrins
vary with temperature, DGo, the Gibbs free energy change
of the solute phase transfer is expressed by the Gibbs–
Helmholtz equation (eq. 1). The two enantiomers are simi-
larly retained by achiral interactions and this may be
expressed by the Gibbs energy using the enthalpy, DHo,
and entropy, DSo, changes (eq. 2). The retention factor, k0,
is the sum of both achiral and chiral interactions. The
enantioselectivity ratio, a, is the most important parameter
measuring the relative chiral retention difference between
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the two enantiomers (eq. 3), and it may be affected by
temperature changes especially in the entropy-dominated
situation often encountered in chiral separation.45 In gen-
eral, low temperature improves in chiral resolution and
usually, the a-values are lower at higher temperature. The
chromatographic parameters in correlated with tempera-
ture are presented in Table 1. At higher temperature k0-
values for all enantiomers are lower, as expected. The
a-values for trans-enantiomers are similar within the range
tested, but the cis-enantiomers tend to be higher a-values
at higher temperatures. This difference is probably due to
change of the mobile phase ratio. Changes in column
temperature in the range tested have an effect on resolu-
tion, The results show (Table 1), the Rs-values under the
ambient temperature can be taken as optimal.

Van’t Hoff plots (ln k versus 1/T) give the thermody-
namic parameters of the solute phase transfer from the
mobile phase to the stationary phase. These curves were
plotted for each enantiomer over the temperature range
288–318 K. The correlations obtained are presented in

Figures 2 and 3, and show linearity in observed tempera-
ture range. The correlation coefficient is closer to linearity
for the trans-enantiomers. Van’t Hoff plots for all enantio-
mers have high slopes and large intercepts is probably
due to interactions with high enthalpy change and high
entropy change.46 This is an indication that there is more
than one process influencing the separation of permethrin
enantiomers. Solute inclusions in b-cyclodextrin cavities
involves stereogenic centers of the sorbent and various
interactions are acting simultaneously (hydrogen bonding,
hydrophobic interactions, Van der Waals forces, dipole-
induced dipole interactions, ionic interactions, p–p forces,
steric effects, solvation effects).29 From eqs. 1–3 and Van’t
Hoff’s plots, DG, DH, and DS values were calculated for all
enantiomers. Comparison with data obtained at 298 K is
shown in Table 2. It can be noticed that the Gibbs free
energy values for the cis-pair are higher than for the trans-
pair which means better chiral recognition. Also, higher
values for DH mean that the separation process is
enthalpy-driven. For the trans-enantiomer pair, DH-values
are similar, but for the cis-enantiomer pair, they differ
more as there is better chiral resolution.

Furthermore, the chiral part of the phase transfer of
enantiomers is reflected in the difference between the DGo

Fig. 2. Van’t Hoff’s curves obtained for trans-permethrin first eluted
peak (h), with regression equation y 5 4.5401x 2 12.979 and R2 5 0.9748
and for the second eluted peak (o), with equation y 5 4.5267x 2 12.794
and R2 5 0.9620. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]

Fig. 3. Van’t Hoff’s curves obtained for the cis-permethrin first eluted
peak (h), with regression equation y 5 3.2706x 2 8.0089 and R2 5 0.8773
and for second eluted peak (o) with y 5 2.7273x 2 6.0625 and R2 5
0.8724. [Color figure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]

TABLE 2. Thermodynamic data of enantioselectivity
between permethrin enantiomers. Effect of temperature on

trans- and cis-permethrin enantiomers at 298 K

Enantiomer
DG298 K

(kJ/mol)
DH298 K

(kJ/mol)
DS

(J/Kmol)

trans- first eluted 210.846 211.248 104
trans- second eluted 211.208 211.215 102
cis- first eluted 212.585 28.103 62
cis- second eluted 212.854 26.757 45

Column: ChiraDex1 25 cm 3 4.0 mm id, mobile phase gradient:
methanol/water, flow rate: 1.4 ml/min, detection: UV 215 nm.

TABLE 1. The effect of temperature on the chromatographic
parameters: retention factor (k0), the separation factor (a)
and resolution (Rs) obtained for trans- the first (1), the
second (2), and for cis- the third (3) and the fourth (4)

permethrin eluated peak

T (K) k01 k02 a12 Rs12 k03 k04 a34 Rs34

288 14.16 15.67 1.11 1.18 23.91 26.34 1.10 2.02
295 12.01 14.60 1.21 1.26 23.96 26.47 1.10 2.20
296 11.01 12.46 1.13 1.34 20.57 22.76 1.11 2.21
298 9.67 11.19 1.16 1.32 19.51 21.75 1.11 2.27
303 7.64 8.88 1.16 1.12 17.78 20.27 1.14 2.25
308 6.64 7.64 1.15 1.02 16.83 19.68 1.17 2.31
313 4.36 4.99 1.14 0.93 11.38 14.14 1.24 2.00
318 3.27 3.74 1.14 0.78 7.82 10.26 1.31 1.87

Column: ChiraDex1 25 cm 3 4.0 mm id, mobile phase: gradient
methanol/water, flow rate: 1.4 ml/min, detection: UV 215 nm.
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of the two pairs of enantiomers, and the term D(DGo), is
responsible for the higher retention of the second enan-
tiomer pair. The DH8 and DS8 represent the enthalpy and
entropy terms for each enantiomer, and D(DH8) and
D(DS8) represent their differences. According to eqs. 1–4,
both the retention and the separation factors are influ-
enced by an enthalpic contribution, which decreases with
increasing temperature, and an entropic contribution,
which is not temperature-dependent. The selectivity is a
compromise between differences in the enantiomeric bind-
ing enthalpy and disruptive entropic effects.29 Also, enan-
tioselectivity may be expressed as 2D(DG), resembling
the different interaction of the individual permethrin enan-
tiomers with the cyclodextrin selector. The D(DG)-values,
for both enantiomer pairs, calculated using eqs. 1–4 and
experimental data from Table 1, are given in Table 3. Since
the highest enantiomeric selectivity is achieved by maxi-
mizing the energy difference in the diastereoisomeric
complexes formed between the solutes and the sorbent,
these energy differences become smaller with increasing
temperature. It is noticeable that the cis-enantiomeric pair

is more stable especially at lower temperatures, but this is
not the case with the trans-pair.

Correlations between ln a and 1/T for cis- and trans-
enantiomeric pair are also presented (Fig. 4). Van’t Hoff
plots obtained for all enantiomers are only linear in a
very narrow temperature range 318–303 K (for trans: y 5
0.104x 2 0.1949, with R2 5 0.8754 and for cis: y 5
20.9273x 1 3.1815, R2 5 0.9710). The cis-enantiomers are
more stable at higher temperatures. At lower tempera-
tures, both pairs act similarly. The results show that the
enthalpic and the entropic contribution to enantioselectiv-
ity are important in the enantioseparation of permethrin
enantiomers. Thus, in the temperature range investigated,
enantioselectivity is governed by the enthalpic contribu-
tion and the separation factor a is increased by lowering
the temperature for cis-enantiomers, while for trans-enan-
tiomers it is onlyslightly changed, with a maximum at
298–303 K. The chiral recognition of these enantiomers is
mainly enthalpy-driven because the main contribution (eq.
4) for Gibbs free energy comes from this effect (enantio-
metric binding enthalpy).

Method Validation

To test linearity of response, 0.4257–2.1285 lg trans-per-
methrin and 0.1419–0.7095 lg cis-permethrin were applied
on column. Regression analysis revealed a linear relation-
ship between response and quantity of permethrin loaded
for both trans- and cis-permethrin enantiomers, with corre-
lation coefficients of 0.9964 for the cis-isomer and 0.9953
for the trans-isomer. The obtained regression equations
are: y 5 1E 1 06x 2 39565 for sum of cis-, and y 5 2E 1
06x 2 152706 for sum of trans-forms. Results for reproduci-
bility and precision are calculated and expressed as RSD
(%). The values for reproducibility for the trans-forms are:
2.59 and 2.07% and for cis-forms: 1.45 and 1.38%. For
precision, the obtained RSD values are: 2.90 and 2.60% for
trans- and 3.30 and 3.32% for cis-enantiomers. The obtained
values for accuracy are in range 95.6–98.0% with RSD <
3.0%. The LOD and LOQ values were found to be 0.19 and
0.57 lg for trans- and 0.07 and 0.21 lg for cis-enantiomers.

TABLE 3. Calculated D(DG)-data for trans- and cis-perme-
thrin enantiomers, for temperature range 288–318 K

T (K)
D(DG)trans
(kJ/mol)

D(DG)cis
(kJ/mol)

288 20.243 20.718
295 20.479 20.565
296 20.304 20.401
298 20.362 20.330
303 20.379 20.269
308 20.359 20.249
313 20.351 20.244
318 20.355 20.232

Column: ChiraDex1 25 cm 3 4.0 mm id, mobile phase: gradient
methanol/water, flow rate: 1.4 ml/min, detection: UV 215 nm.

Fig. 4. Van’t Hoff’s plots of ln a vs. 1/T for cis-permethrin pair of enan-
tiomers (o) (y 5 2.212x2 2 15.159x 1 26.067, R2 5 0.9955), and for *trans-
permethrin pair of enantiomers (h) (y 5 21.0416x2 1 16.8037x 2 10.965,
R2 5 0.8402). *It is not taken account the point for 295 K because of its
deviation; it is one of eight points; and the next point comes from very
close 296 K.

Fig. 5. HPLC chromatogram of racemic permethrin obtained under
optimal chromatographic conditions. Retention times of trans-enantiomers
are 19.8 and 22.7 min; and for cis-enantiomers are 38.2 and 42.3 min,
respectively. Column: ChraDex1 (250 3 4.6 mm, 5 lm particle size); tem-
perature 298 K; injection volume 20 ll; mobile phase: methanol (A) water
(B); elution: isocratic 56% A 16 min, gradient of 56–70% A in 30 min,
additional 10 min kept at 56% A; flow rate: 1.4 ml/min; detection: UV at
215 nm. [Color figure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]
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Response Factor Ratio

There are no data reported for response factor ratio for
permethrin isomers, as authors usually assume they are
equivalent. However, our results show that the response
factors of trans- and cis-permethrin differ. With this HPLC
method it was obtained that the cis-isomer has a higher
response, 1.66 times greater than the trans-isomer. RSD%
5 1.45 (n 5 5). Permethrin is a very stable pyrethroid,35

and the possibility of isomerisation during analysis is very
low. This experimental data show that the different
response factors of isomers have to be considered during
analysis of permethrin.

Analytical Characteristics of the Method

Figure 5 shows a typical chromatogram obtained using
the optimal chromatographic conditions. The retention
times are 19.8 and 22.7 min for trans- and 38.2 and
42.3 min for cis-permethrin enantiomers. Identification of
trans-enantiomers was confirmed with standards. There is
little baseline rise because of the mobile phase change.
The obtained retention times of the enantiomers are much
shorter than in earlier work30 By using RP-mode with
methanol, ethanol, and water mixtures as mobile phase
Yang et al.7 obtained broad peaks with Rs < 0.91. Worse
separation was achieved with acetonitrile/water mixtures.
Better resolution, Rs > 1.5, was obtained only with one
column, using NP mode with isopropanol/n-hexane
mobile phase, but only three peaks instead of four were
detected, and they were not identified.

Here, we have separated all four permethrin enantiomers,
using the same type of column in the RP-mode. Edwards
and Ford31 separated the enantiomers, but with a run time
of 80 min, which is much longer than our run time of 45
min. Other authors30 have used five types of Pirkle-brush
columns for separation of six pesticide stereoisomer mix-
tures, but have not separated trans-enantiomers, and they
were only partly successful in separating the cis-forms. In
that article,30 it was concluded that normal-phase was more
effective than reverse-phase separation. Liu et al.35 used a b-
cyclodextrin-coated column, and determined the polarity of
the resolved enantiomers by using an inline laser polarime-
ter detector. Using both GC and HPLC, for all investigated
insecticides including permethrin, the (1) enantiomer
elutes before the (2) enantiomer. It is reported in the litera-
ture47 as a disadvantage of cyclodextrins that such sorbents
cannot invert elution order of enantiomers.

The resolution of the cis-enantiomer pair is better than
that of the trans-enantiomer pair. The key difference of these
two pairs is in geometry of the molecules. Even during usual
RP separation of cis- and trans- permethrin, the trans-form
elutes before the cis-form because of steric effects. The cis-
permethrin molecules enter the cavity more easily and are
attracted there, compared to the trans-permetrhin enantiom-
ers. As result, the cis-enatiomers have higher retention
times and because of the stronger interactions with the cav-
ity, the cis-enantiomers are better resolved.

The stability constant of the complexes decreases with
the addition of organic solvents and hence organic modifiers
are used to optimize the chiral resolution. Gradient elution

shortens the run time and improves the shape of the cis-
enantiomer peaks. In this method, the first enantiomers
elutes at 57.8%, the second at 59.1%, the third at 66.4% and
the fourth at 68.3% methanol in the mobile phase.

Determination of Permethrin Enantiomers in Samples

This method was applied for determination of perme-
thrin and enantiomers ratio values (ER). In the analysis of
the formulation ‘‘Tapilan’’, excipients gave peaks in the
range from 1 to 5 min and no interfering peaks were found
in the analyte region of chromatograms due to sample
excipients. Moreover, peak purity tests showed that ana-
lyte chromatographic peak is not attributable to more than
one component with the diode array. For ‘‘Tapilan’’ formu-
lation it was found that trans-/cis- ratio is 74/23%, m/m.
The results for the analyzed samples of working standards
and formulations showed that their ER of cis- and trans-
permethrin is very close to racemic.

CONCLUSIONS

In this study, the successful HPLC separation and deter-
mination of all permethrin enantiomers is demonstrated.
The optimal analytical conditions are achieved using b-cyclo-
dextrin-based sorbent, methanol/water gradient, 1.4 ml/
min flow, 298 K working temperature, and 215 nm detection.
The method has been established and validated. The tem-
perature influence on the chromatographic parameters has
been studied and discussed. The Van’t Hoff curves of per-
methrin enantiomers constructed for the temperature range
from 288 to 318 K showed linearity and indicated that there
is more than one process influencing the separation. The
proposed HPLC method is simple, accurate, precise, repro-
ducible, and stable. The method has been found to be
improved when compared with the previously reported
methods with respect to its linearity, simple sample prepara-
tion, availability and simple mobile phase, UV detection,
faster (much lower retention times of the enantiomers), bet-
ter Rs-values, and acceptable validation data. It was calcu-
lated that response factor of cis-permethrin is higher for 1.66
times than the value for trans-permethrin. The method pro-
posed in this study enables practical and sensitive RP HPLC
analysis of permethrin enantiomers and should be useful for
analytical and quality control in various kinds of studies
related to permethrin enantiomers.
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