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 Cypermethrin (CPM) is a chiral insecticide compound, consists of eight stereoisomers 
with similar mass, structure and functional group. Hence, due to great structural 

similarities which lead to difficulties to resolve and lack of isomer standards, analysis 

of CPM stereoisomers is still poorly developed.  In this study, a Cyclosil-B type chiral 
column was used to separate the CPM stereoiosmers via gas chromatography-electron 

capture detector (GC-ECD). A multivariate technique called response surface 

methodology (RSM) was utilized to optimize the separation conditions for CPM 
stereoiosmers. Four optimization steps were designed which involved two operating 

parameters i.e column temperature and holding time in order to establish the 
temperature programming approach. The results indicate that using the designed 

optimal conditions (step 1, 101 oC initial temperature with 3.0 min holding time; step 2, 

the temperature was increased to 106 oC with 2.50 min holding time; Step 3 was 115 
oC for the next temperature with 0.5 min holding time; and final temperature of 123 oC 

with 2.0 holding time for step 4), all the eight peaks of CPM stereoiosmers were 

successfully separated with high resolution and short analysis time. 
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INTRODUCTION 

 

 Pyrethroids insecticide have been used widely throughout the world for controlling insect in agriculture and 

to combat human and animal parasites (Dorothea & Rawn, 2010). One of the highly active type II synthetic 

pyrethroid insecticide is cypermethrin (CPM) which contains the α-cyano group (Kumar, Sharma, & Pandey, 

2011). The chemical structure of CPM is depicted in Figure 1. 

 

 
 

Fig. 1: Structure of CPM. 

 

 CPM is available as an emulsifiable concentrate or wettable powder and commercial CPM are mostly 

available as a racemic solution.  In Taiwan and United Kingdom, CPM is the most frequently used in agriculture 

such as in cotton, cereals, vegetables and fruits, and households (Liao et al., 2011). Environmental Protection 

Agency (EPA) has classified CPM as a possible human carcinogen, it is highly toxic to aquatic organisms 

(Davis, 1993; WHO, 1994) and can affect the microbial population of soil (Rangaswamy & Venkateswarlu, 

1993).   

 Non-enriched CPM consists of eight stereoisomers as shown in Figure 2, which form four enantiomers or 

diastereomers pairs: 1S-3S-αS + 1R-3R-αR (cis), 1R-3S-αR + 1S-3R-αS (trans), 1R-3R-αS + 1S-3S-αR (cis) 

and 1S-3R-αR + 1R-3S-αS (trans) (Cox, 1996; Liu, Gan, Schlenk, & Jury, 2004), whereby 1S-3R-αS and 1R-

3S-αS possess much greater insect knockdown property than the other stereoiosmers.  
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Fig. 2: Structure of non-enriched stereoisomers of cypermethrin (CPM). 

 

 The resolution of isomeric compounds with identical masses, identical functionality and similar structures is 

a classic problem in stereochemical analysis due to their poor selectivity factors.  In stereoisomers separation, 

most of chromatographic techiques use cyclodextrin (CD) based column as chiral recognition to improve the 

resolution of stereoisomers. Even though these separation methods are proven capable to separate the 

stereoisomers but to identify the right chiral stationary phase is the most challenging task. GC 172-B CSP type 

column has been used previously to separate diastereomers and enantiomers of CPM in environmental samples 

(Liu & Gan, 2004). However, only seven peaks were succesfully separated  with poor resolution and long 

analysis time of 148 mins. The poor resolution of stereoisomers limits the application of this method to more 

complex matrix such as environmental, phamaceutical and biological samples. Therefore further optimization 

should be carried out by adjusting the operating parameters using a multivariate technique like response surface 

methodology (RSM).  

 

Response Surface methodology: 

 Response surface methodology (RSM) is an effective statistical technique for optimizing complex processes 

because it allows more efficient and easier arrangement and interpretation of experiments compared to other 

methods (Box & Behnken, 1960; Box & Wilson, 1951; Gan & Latiff, 2011; Gan, Manaf, & Latiff, 2010). The 

main advantage of RSM is the reduced number of experiments which are required to evaluate multiple 

parameters and their interactions. Therefore, it is less laborious and less time-consuming than other approaches 

(Giovanni, 1983; Khayeta, Zahrimb, & Hilal, 2011; Armindo Melo, Aguiar, Mansilha, Pinho, & Ferreia, 2012; 

Silva, Rogez, & Larondelle, 2007). RSM has been successfully used for optimization of biochemical process  

and extractions of effective substances (Boyaci, 2005; Zhang et al., 2009) but the application has not been 

reported in stereoisomers separation of chiral compound.  

 In this study, a central composite design (CCD) model was employed to determine the optimum GC 

operating parameters i.e oven temperature and holding time in order to establish temperature programming 

approach for separation of CPM standard compound on a chiral stationary phase cyclosil-B type column. The 

optimum conditions predicted by this selected model can be further used to quantify the CPM compound in real 

samples. 

 

Methodology: 

 Cypermethrin (racemic solution) was obtained from Dr Ehrenstrofer GmbH (Augsburg Germany). Acetone 

was purchased from Fisher Scientific and Merck (Kuala Lumpur, Malaysia).  

 

Standard Sample Preparation: 

 CPM standard with purity of greater than 94.0% was dissolved and diluted in acetone to prepare a 100 ppm 

of stock standard solution and stored at 4 °C.   

 

Chromatographic Separation: 

 GC-ECD analysis was carried out with a Hewlett-Packard 6890 GC system equipped with an electron 

capture detector and a split/splitless injector. Nitrogen was used as carrier gas at a pressure of 10 p.s.i. The CPM 

streoisomers were separated on a cyclosil-B (30 m × 0.25 mm, 0.25 μm film thickness) column. The 

temperature of the detector was fixed at 250 
o
C.  The oven temperature program was intially held at 101 

o
C for 3 
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mins, followed by  optimization steps until complete elution. 

 

Statistical Approach: 

 CCD which is the most popular response surface method for the experimental design was applied to 

optimize the GC condition for the temperature programming approach. Theoretically, this design consists of a 

full or fractional factorial point, with an additional point at a distance that calculated from the centre, and finally 

a central point as shown in equation (1).  

 

                 (1) 

 

 While the total number of experiments can be found from equation (2)  where k is the factor number and cp 

is the number of repetitions of experiment at the central point (Ahmadi, Manteghian, Kazemian, Rohani, & 

Darian, 2012; Bezerra, Santelli, Oliveira, Villar, & Escaleira, 2008; A Melo et al., 2012).  

 

            (2) 

 

 Fractional two-level factorial designs (F2LD) were carried out considering two factors (controllable 

variables) in temperature programming approach namely, the temperature (T), and the holding time (min) (HT). 

This F2LD is efficient and economical as beginner design and the simplest model in RSM. The surface 

generated by the linear model can be used to indicate the direction in which the design of experiment (DOE) 

was designed in such a way to attain the optimal conditions as illustrated in Figure 3. 

 

 
 

Fig. 3: The DOE for Step 1, (b) Step 2, (c) Step 3 and (d) step 4 of GC temperature programming approach,  

where temperature (X1) and holding time (X2) are independent variables; flowrate and concentration of  

analyte were kept constant at 0.7 mL/min and 100 ppm respectively. 

 

Statistical Tool: 

 Work on experimental design, data analysis, response surfaces and contour diagrams, was performed by 

Design Expert Version 6.0.10 (Stat-Ease Inc., Minneapolis, MN). Data of examined factors in screening phase 

tabulated in Table 1 and Table 2 shows the controllable variables (factors) and their levels in coded and actual 

values. The output response is the retention time (RT) and peak area (PA). 

 

Results: 

 
Table 1: Factors examined in the screening phase (full FD). 

Independent factors leve1 Level (-1) Level (+1) 

Step 1 

X1= Intial Temperature 

 

100 

 

102 

X2= holding Time 2.00 4.00 

Step 2   

X1= Temperature 103 110 

X2= holding Time 1.50 3.50 

Step 3   

X1= Intial Temperature 111 118 

X2= holding Time 0.00 1.00 

Step 4   

X1= Intial Temperature 120 125 

X2= holding Time 1.00 3.00 
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Fig. 4: Perturbation plots showing the effect of the examined factors on the responses for (a) Step 1, (b) Step 2,  

(c) Step 3 and (d) step 4 of PA1 response with A is the temperature and B is the holding time. 

 

 
 

Fig. 5: Perturbation plots showing the effect of the examined factors on the responses for (a) Step 1, (b) Step 2,  

(c) Step 3 and (d) step 4 of PA2 response with A is the temperature and B is the holding time. 

 

 
 

Fig. 6: Perturbation plots showing the effect of the examined factors on the responses  (a) Step 1, (b) Step 2, (c)  

Step 3 and (d) step 4 of PA3 response with A is the temperature and B is the holding time. 
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Fig. 7: Perturbation plots showing the effect of the examined factors on the responses (a) Step 1, (b) Step 2, (c)  

Step 3 and (d) step 4 of PA4 response. Where A is the temperature and B is the holding time. 

 

 
 

Fig. 8: Perturbation plots showing the effect of the examined factors on the responses (a) Step 1, (b) Step 2, (c)  

Step 3 and (d) step 4 of PA5 response. Where A is the temperature and B is the holding time. 

 

 
 

Fig. 9: Perturbation plots showing the effect of the examined factors on the responses (a) Step 1, (b) Step 2, (c)  

Step 3 and (d) step 4 of PA6 response. Where A is the temperature and B is the holding time. 
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Fig. 10: Perturbation plots showing the effect of the examined factors on the responses (a) Step 1 (b) Step 2, (c)  

Step 3 and (d) step 4 of PA7response. Where A is the temperature and B is the holding time. 

 

 
 

Fig. 11: Perturbation plots showing the effect of the examined factors on the responses (a) Step 1, (b) Step 2, (c)  

Step 3 and (d) step 4 of PA8 response. 

 

 
 

Fig. 12: Response surface and contour plot of Holding Time vs Final Temperature for (1) Step 1, (2) Step 2, (3)  

Step 3 and (4) step 4 of PA1.The concentration of CPM and flow rate was kept constant at100 ppm and  

0.7 ml/min. 
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Fig. 13: Response surface and contour plot of Holding Time vs Final Temperature for (1) Step 1, (2) Step 2, (3)  

Step 3 and (4) step 4 of PA2.The concentration of CPM and flow rate was kept constant at 100 ppm  

and 0.7 ml/min.  

 

 
 

Fig. 14: Response surface and contour plot of Holding Time vs Final Temperature for (1) Step 1, (2) Step 2, (3)  

Step 3 and (4) step 4 of PA3. The concentration of CPM and flow rate was kept constant at 100 ppm  

and 0.7 ml/min. 

 

 
 

Fig. 15: Response surface and contour plot of Holding Time vs Final Temperature for (1) Step 1, (2) Step 2, (3)  

Step 3 and (4) step 4 of PA4. The concentration of CPM and flow rate was kept constant at 100 ppm  

and 0.7 ml/min. 
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Fig. 16: Response surface and contour plot of Holding Time vs Final Temperature for (1) Step 1, (2) Step 2, (3)  

Step 3 and (4) step 4 of PA5. The concentration of CPM and flow rate was kept constant at 100 ppm  

and 0.7 ml/min. 

 

 
 

Fig. 17: Response surface and contour plot of Holding Time vs Final Temperature for (1) Step 1, (2) Step 2, (3)  

Step 3 and (4) step 4 of PA6. The concentration of CPM and flow rate was kept constant at 100 ppm  

and 0.7 ml/min. 

 

 
 

Fig. 18: Response surface and contour plot of Holding Time vs Final Temperature for (1) Step 1, (2) Step 2, (3)  

Step 3 and (4) step 4 of PA7. The concentration of CPM and flow rate was kept constant at 100 ppm  

and 0.7 ml/min.    
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Fig. 19: Response surface and contour plot of Holding Time vs Final Temperature for (1) Step 1, (2) Step 2, (3)  

Step 3 and (4) step 4 of PA8.The concentration of CPM and flow rate was kept constant at 100 ppm  

and 0.7 ml/min. 

 

 
 

Fig. 20: Response surface and contour plot for desirability function. Flow rate of the mobile phase was 0.7  

ml/min. 

 

 
 

Fig. 21: GC chromatogram of CPM stereoisomers  under optimized conditon for temperature programming  

approach (step 1 :101 
o
C and 3.0 min; step 2: 106 

o
C and 2.50 min; Step 3: 115 

o
C and 0.5 min; step 4:  

123 
o
C and 2.0 min 
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Table 2: The retention time and peak assignment of diastereomers and enantiomers of CPM on enantioselective (cyclosil-B) GC capillary  

column.  

Configuration Cyclosil -B capillary column 

1C 3C C 1C/3C peak Ret Time (min) 

R R R cis i 3.301 

S S S cis ii 3.902 

R S R trans iii 4.496 

S R S trans iv 5.864 

R R S cis v 9.919 

S S R cis vi 10.378 

R S S trans vii 10.816 

S R R trans viii 11.59 

Adopted congifurations from Lui and Gan,  (2004) 

 

Discussion: 

 The significance of two independent factors on the quality of the separation was investigated using a two-

level full factorial design. Screening designs can identify significant main effects and interaction effects. 

Therefore, a linear model of two X1 and X2 was chosen.  The mathematical model associated with design 

consists of main and (possible) interaction effects and all the response that fitted in the following equation (3); 

                                                                                                                              (3) 

 Where k is the number variables,  is the constant term,  represent the coefficient of the linear 

parameters,  represents the variables, and  is the residual associated to the experiments. In this study, two 

factors as shown in Table 1 were examined in two levels (14 experiments include the replicates): temperature 

(X1) and holding time (X2).  

 To evaluate the retention time, RT and peak area, PA, 11 experiments were conducted according to the 

CCD method for each step. The design of this experiment was presented in Table 1. To study the effects of 

temperature (X1), and holding time (X2) in temperature programming approach for step 1 to step 4, the 

experiments were performed at different combinations of these parameters using statistically designed 

experiments (DoE). From the data obtained, it shows that all the experiments that have been conducted in 

randomized order were significant. Statistical analysis tools of variance (ANOVA) were used in order to 

identify significant effects and it was found that most R-squared for the analysis is between 0.8-0.9. The 

response analysis was mainly focused in chromatographic data area since this response provides direct 

interactions on these two factors. The non-significant value lack-of-fit (more than 0.05) for the analysis of 

variance of the model shows that the linear model was valid for the present study. The variables were significant 

with p values ranging from 0.003 - 0.019 for all steps involved.  

 Figures 4 - 11 show the perturbation plots of eight stereoisomers for each step, whereby these plots provide 

a better understanding of the investigated procedure. The plots show the effect of an independent factor on a 

specific response, with all other factors held constant. A steepest slope in perturbation plot shows sensitiveness 

to a specific factor had the most important effect on the response (PA). The perturbation graph also shows the 

effect of each variable on chromatographic areas of CPM isomers, while keeping other variables at their 

respective ‘0’ levels (Jeya M., Zhang Y-W., & Lee J-K., 2009). Most of the plots showing a steep curvature, 

means that both factors,  HT (holding time) and T (temperature)  have a very sensitive effect towards the 

response peak during separation. The HT factor plays an important role in GC temperature programming 

approach in ensuring the analytes have a sufficient time to be eluted in the column. On the other hand, the 

increase and decrease line observed in the plot, show the linear relationship between these factors,  means that, 

both factors are very sensitive to each other in this type of separation (Sharma S., Malik A., & Satya S., 2009). 

In other words, the factors predicted (HT and T)  were crucial factors to obtain the maximum number of 

stereoisomer peaks produced with maximum peak area. 

 Three-D response surfaces of contour plots as presented in Figure 12-19 show the interaction effects of 

these two factors i.e. HT and T, to make the understanding of the processes clearer. From these figures, most of 

the examined response surfaces formed hillsides which indicate that both factors contributed mostly towards the 

peak separation of the compounds. It was important to identify the criteria of optimization such as a maximum 

resolution between the peaks, increased peak quality (i.e good capacity factor, good asymmetry factor, etc.), 

reduction in elution time and the optimum numbers of peak that can be separated.  

 The response, PA was an indicator in identifying the optimum values of the independent variable 

efficiently.  In response surface and contour plots, elliptical contour is attained when there is a perfect 

interaction between the independent variables (Zhu C. & Liu X., 2013).  This information indicates that the 

separation yield, PA increased with the increasing of steps (increasing temperature with specific holding time). 

Desirability indices (di) were constructed by combining the individual desirability’s into single number followed 

by searching the greatest overall desirability.  It was given higher relative importance to desirability of peak area 
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response as a compromise between higher sensitivity with lower analysis time. The combined effect of 

temperature and holding time on desirability is shown in Figure 20 with a maximum desirability temperature (T) 

of 101 
o
C and 2 min holding time (HT) for step 1 and the CPM concentration was kept constant. Derringer’s 

desirability function (D) was found to be 1.0 in this study. 

 The chromatogram resulted in this study is shown in Figure 21. All eight peaks of CPM stereoiosmers were 

successfully separated with high resolution and short analysis time under the designed optimal conditions of 

suggested temperature programming. The first peak eluted at 3 min with total analysis time of 18.5 min. The 

developed GC separation method was successfully adapted for separation of this analyte. The retention times for 

all the separated CPM stereoisomers are tabulated in Table 2. 

 

Conclusion: 

 The experimental design using response surface methodology (RSM) in this study was found as flexible 

procedure, able to reduce the number of the required experiments for optimization of CPM stereoiosmers 

separation. The optimal conditions for CPM stereoisomers separation in this study using temperature 

programming approach were as follows: step 1 was 101 
o
C initial temperature with 3.0 min holding time; step 2 

the temperature was increased to 106 
o
C with 2.50 min holding time; Step 3 was 115 

o
C for the next temperature 

with 0.5 min holding time and final temperature of 123 
o
C with 2.0 min holding time for step 4 
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