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ABSTRACT 
The diethyl 2-[(dimethoxyphosphorothioyl)sulfanyl]butanedioateis commonly known as Malathion, which is a chemical pesticide 

widely used in agriculture. Whose main function is to eradicate insects that affect the crops. Due to the complexity of the resulting 

mixture at industrial level, it requires complex techniques that are able to perform the separation, the principal separation 

technique is the chromatography. In order to increase the resolution of the peaks in chromatography, it has recently been 

developed high-performance liquid chromatography (HPLC). Each compound has its specific retention time for a unique 

configuration of the chromatographic column. With the retention time of Malathion it can be obtained the configuration of the 

equipment of HPLC, in order to be able to make an adequate separation of the compound. The characteristic equation for 6 

experimental chromatograms was obtained. This equation was based on the logarithm of the distribution coefficient of each 

substance present. With the characterization of Malathion and the characteristic equation of the chromatogram, it was found the 

retention time of the pesticide Malathion, which was 43.87 min in a column 4818 theoretical plates, at a temperature of 24.0 ° C 

and a pH of 7.3. 
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INTRODUCTION 
 

In agriculture different chemical pesticides are used, in order to obtain a higher yield of crops, thereby 
reducing the losses produced by pest [1], [2]. The crops that are affected by different pests, are those in which 
their fruits mainly  have a high in vitamins and minerals, such as tropical fruits  [3], [4]. These fruits are very 
prized in the market due to its pleasant aroma and flavor.  

Malathion is an organophosphate compound used as an insecticide in different agricultural crops such as 
strawberry, blackberry, soursop, among others [5], [6]. The organophosphorus compound can cause the death, 
when attack the nervous system, more specifically the Acetylcholinesterase enzyme (AChE). If ingested in large 
amounts by humans, it can even cause damage to the muscular system, such as cramps, tachycardia, excessive 
salivation, among others[7]. Recently the use of chemical pesticides has increased due to increased frequency of 
pests. This leads to increase the number of intoxicated people with this compound in agricultural areas [8], [9]. 

In the industrial process of production of most pesticides, in necessary the use of different separation 
techniques, in order to obtain a suitable purity in raw materials and the resulting products [10]. The technique 
used is known as preparative chromatography. It is a specific separation operation, which exploits the property 
of chemistry affinity of each compound present in the mixture to be separated. Dissociation occurs due to the 
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physicochemical properties of each substance, setting the degree of separation in the chromatographic column 
[11]. Whereupon, the migration of the compounds is given by the physicochemical interactions between the 
compounds and each one of the phases of the chromatographic column. The different types of chromatography 
were given by the states in which you can find the stationary phase and the mobile phase of the column. In the 
case of high-performance liquid chromatography (HPLC) the stationary phase was in solid state and the mobile 
phase was liquid [12]–[14]. 

Due to each compound requires specific conditions to achieve an adequate separation of the mixture, the 
application of this technique at industrial level of this separation result very expensive. Reason why, recently 
have been developed mathematical models, for predicting the retention time applied to pesticides [15], [16]. The 
method HPLC dependent on variables in the stationary phase and the mobile phase. For the stationary phase, the 
conditions were given by the chromatographic column, such as length, diameter, particle diameter, number of 
theoretical plates, among others. While for the mobile phase was the type of solvent used, temperature, pH and 
flow rate in the system is handled [17].  

Based on the above, in this paper, the results of design and development of an algorithm was presented in 
order to predict the retention time of malathion, which was used as a chemical pesticide in tropical fruits. The 
algorithm was applied in a chromatographic column of HPLC, through the analysis of experimental 
chromatograms, supplemented with the analysis of the molecule. 

 
MATERIALS AND METHODS 

 
For the predicting of the retention time of Malathion in high-performance liquid chromatography (HPLC), 

it must begin by analyzing different experimental chromatograms with known conditions and with similar 
molecules, in addition to the optimization of the molecule to be analyzed ( 

Fig. 1). 
 

 
 
Fig. 1: Prediction algorithm. 
 
Malathion: 

The molecule of the pesticide Malathion was designed in the ACD / ChemSketch software 2015.2.5®, to 
perform the molecule optimization, the links present in each atom were checked. With these parameters, an 
optimization in three dimensions was performed, with the developed of the structural form until reach a 
minimum in the internal energy. With the optimized molecule, the physicochemical properties of Malathion 
were determined, which set the initial parameters of the HPLC equipment used. 
 
Experimental chromatogram: 

In the prediction of retention time a chromatogram must have all the parameters with which it was obtained, 
as are the properties of the mobile phase, the characteristics of the stationary phase and the group of molecules 
analyzed in the experiment ( 

Table1). The chromatograms used were obtained from the database ACD / Labs 2015.2.5®. Among the 
main parameters to be analyzed on the equipment of HPLC, we highlight the detector used, the mobile phase, its 
temperature, pH and flow. In  
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Table1 was indicated the design parameters of the ch
particle size, etc. The pore diameter was one of the most important variables, because regulates the pressure and 
flow that should be applied in the mobile phase of the column.
 
Table1: HPLC chromatogram with characteristics of the column.

HPLC Chromatogram  

 
To each molecule that appeared in the detector of the equipment was performed the calculating of the 

logarithm of the distribution coefficient (Log D). This coefficient was the ratio of the sum of the concentrations 
of all species of the compound in n
water Equation 1. This parameter was based on the partition coefficient (P), which was the ratio between the 
concentrations of compound in n-octanol with water concentration in Equation 2
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Each one of the compounds used in the distribution coefficient, has its own tendency of partition between 
water and n-octanol, which was a function of pH. The coefficient of each species was calculated based on the 
fragmental algorithm in the LogP for each
Kolovanov and Petrauskas in 1999 (Equation 3) 
chemical functional groups and were assigned a value to each section. Finally were listed in the Equation 3.
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Where the first term "∑ ∑�! �

represents the constant conjugate of the polar atoms and the value "
bond of the isolates carbons. While the second term "

obtaining each LogD value for each compound and its experimental value of the retention time obtained through 
the chromatogram, a regression was performed and the 
obtained. 
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was indicated the design parameters of the chromatographic column, such as length, diameter, 
particle size, etc. The pore diameter was one of the most important variables, because regulates the pressure and 
flow that should be applied in the mobile phase of the column. 

HPLC chromatogram with characteristics of the column. 
Instrument 
Name Waters

Detector UV (260 nm)

 

Sensivity 1 

Mobile 
Phase 

Water/MeCN (95:5 v7v); 
48mM K
TBA

pH Mobile 
Phase 7,25
Temperatur
e 24 °C

Flow Rate 0,6 mL/min
Column 
Name DIAKS

Length 25 cm

Diameter 0,3 cm

Particle Size 6 um
Column 
Flow Rate 0,6 mL/min
Pore 
Diameter 13 nm

Endcapped Yes
Bonded 
Phase C16
Plate 
Number 4818

To each molecule that appeared in the detector of the equipment was performed the calculating of the 
logarithm of the distribution coefficient (Log D). This coefficient was the ratio of the sum of the concentrations 
of all species of the compound in n-octanol between the sum concentrations of all species of the compound in 
water Equation 1. This parameter was based on the partition coefficient (P), which was the ratio between the 

octanol with water concentration in Equation 2. 

       

       

Each one of the compounds used in the distribution coefficient, has its own tendency of partition between 
octanol, which was a function of pH. The coefficient of each species was calculated based on the 

fragmental algorithm in the LogP for each substance. Each factor for calculating LogP was took according to 
Kolovanov and Petrauskas in 1999 (Equation 3) [18]. Which perform the division of each molecule in its 
chemical functional groups and were assigned a value to each section. Finally were listed in the Equation 3.

 %& ∙ () ∙ (!#*       

 � ∑"!#$" refers to atomic or fragmental increments, where the value "

represents the constant conjugate of the polar atoms and the value ""!" represents the increase of the attached 
ates carbons. While the second term "∑ %& ∙ () ∙ (!#*" denotes the correction factors. By 

obtaining each LogD value for each compound and its experimental value of the retention time obtained through 
the chromatogram, a regression was performed and the characteristic equation of each chromatogram was 
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romatographic column, such as length, diameter, 
particle size, etc. The pore diameter was one of the most important variables, because regulates the pressure and 
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To each molecule that appeared in the detector of the equipment was performed the calculating of the 
logarithm of the distribution coefficient (Log D). This coefficient was the ratio of the sum of the concentrations 
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water Equation 1. This parameter was based on the partition coefficient (P), which was the ratio between the 
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Each one of the compounds used in the distribution coefficient, has its own tendency of partition between 
octanol, which was a function of pH. The coefficient of each species was calculated based on the 

substance. Each factor for calculating LogP was took according to 
. Which perform the division of each molecule in its 

chemical functional groups and were assigned a value to each section. Finally were listed in the Equation 3. 
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obtaining each LogD value for each compound and its experimental value of the retention time obtained through 
characteristic equation of each chromatogram was 
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The compound Malathion was drawn according to the data sheet for the pesticide used in some tropical 
fruits (Fig. 2 - Part A). In part B of the figure, a linear optimization of the molecule was performed, in which the 
atoms and bonds are organized to obtain the 2D representation of the molecule. Malathion was finally optimized 
for representation in third dimension (Fig. 2 - Part C). This was carried out by moving the atoms, so that the 
internal energy of the molecule was decreased, thus obtaining its most stable. 

 

 
Fig. 2: A. Malathion unoptimized, B. Linear optimization, C. Three dimensional decrease energy optimization. 

 
With the optimized molecule, the physicochemical properties of the compound were obtained ( 

Table 2). It was noted that the molecular formula, the molecular weight and the composition were 
equivalent to the data found in literature in government sources for this pesticide [19]. Besides, the IUPAC 
name and the SMILES form for Malathion were generated. Whereupon, the molecular optimization performed 
was suitable for compound selected.  
 
Table 2: Physicochemical properties of Malathion. 

Molecular Formula:  C10H19O6PS2 
Formula Weight:  330.3580 
Composition:  C(36.36%) H(5.80%) O(29.06%) P(9.38%) S(19.41%) 
Molar Refractivity:  77.50 ± 0.3 cm3 
Molar Volume:  259.6 ± 3.0 cm3 
Parachor:  680.4 ± 4.0 cm3 
Index of Refraction:  1.508 ± 0.02 
Surface Tension:  47.1 ± 3.0 dyne/cm 
Density:  1.272 ± 0.06 g/cm3 
Polarizability:  30.72 ± 0.5 10-24 cm3 
Monoisotopic Mass:  330.0360 Da 
Nominal Mass:  330 Da 
Average Mass:  330.358 Da 
M+:  330.0355 Da 
M-:  330.0366 Da 
IUPAC Name diethyl 2-[(dimethoxyphosphorothioyl)sulfanyl]butanedioate 
SMILE CCOC(=O)CC(SP(=S)(OC)OC)C(=O)OCC 

 
In the properties of Malathion, it will be note the molar refractivity, which was the measure of the total 

polarizability of one mole of substance, the molar volume and the density. These properties directly influence 
the behavior of the compound through the phase stationary of the column of high-performance liquid 
chromatography. If these values increase, the retention time inside the column will be higher, it may be the case 
in which the columns have very fine particles that the pressure drop will be so high that make the infeasible the 
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process. Reason why when choosing a column, it must take into account these properties. The masses of the 
various ions of Malathion, which were always present as an equilibrium within the test sample were also 
presented. 

 
Experimental chromatograms 
For analysis of the different equipments and their characteristics, 6 different chromatograms were taken, the 

data obtained experimentally for each chromatogram, the data equipment and the settings used were shown  

Table 3. Each chromatogram analyzes generally a type of compounds. In the first chromatogram ( 

Table 3 - Part A), a sample containing several natural acids. In the second and third (Part B and C) 
chromatogram, the amino acids part of proteins were analyzed. In the fourth chromatogram (Part D) the mines 
were analyzed, while in the fifth and sixth (Part E and F) the sample contained chromatogram alcohols and 
molecules with the phosphate group respectively. 

Chromatograms A, D, E and F, had less defined peaks than the chromatograms B and C. This affects the 
resolution, obtaining and separation of the different components of a mixture. Also the chromatograms A, E and 
F have overlapping peaks for two or more components, this overlapping caused that the chromatography 
employed not have a separating effect. 
 
Table 3: HPLC Chromatograms and experimental parameters. Analysis of molecules with the following functional groups: A. Acids, B. 

Amino acids, C. Amino acids, D. Amines, E. Alcohols, F. Phosphates. 

Chromatogram Equipment and Column Characteristics 

 

Phase B 1,8mM HFBA 

Mobile phase H2O pH 2,97 

Flow Rate (mL/min) 0,60 T(°C) 42,0 

Diameter (cm) 0,78 Length(cm) 30 

Particle Size (um) 9 t0 6,00 

Plate Number 7424 

 

Phase B 0,1M Ammonium acetate 

Mobile phase H2O pH 3,21 

Flow Rate (mL/min) 1,40 T(°C) 35,0 

Diameter (cm) 0,40 Length(cm) 25 

Particle Size (um) 6 t0 1,63 

Plate Number 223796 

 

Phase B 0,1M Ammonium acetate 

Mobile phase H2O pH 8,35 

Flow Rate (mL/min) 1,40 T(°C) 35,0 

Diameter (cm) 0,40 Length(cm) 25 

Particle Size (um) 6 t0 1,63 

Plate Number 103002 

 

Phase B 45mM K-phosphate 

Mobile phase H2O/MeCN(90:10) pH 5,76 

Flow Rate (mL/min) 2,00 T(°C) 25,5 

Diameter (cm) 0,46 Length(cm) 15 

Particle Size (um) 5 t0 0,75 

Plate Number 5209 

Phase B  45mM K-phosphate 

Mobile phase H2O/MeOH(35:65) pH 13,93 
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 Flow Rate (mL/min) 1,00 T(°C) 35,0 

Diameter (cm) 0,67 Length(cm) 30 

Particle Size (um) 6 t0 1,00 

Plate Number 8745 

 

Phase B 48mM K-Phosphate 

Mobile phase H2O/Mecn (95:5) pH 7,25 

Flow Rate (mL/min) 0,60 T(°C) 24,0 

Diameter (cm) 0,30 Length(cm) 25 

Particle Size (um) 6 t0 0,69 

Plate Number 4818 

  
The characteristics of the equipment used for each chromatogram vary significantly in their parameters of 

pH in the mobile phase and the column used in the experiment. Because the compounds tested were mostly 
polar substances, it was used as the main solvent the water. To improve transfer in the chromatographic column 
other solvents were added, such as ammonium acetate, the k-phosphate, among others. For each experimental 
chromatograms, the logarithm of the distribution coefficient for each molecule was obtained (Equation 2), 
which was based on the partition coefficient (Equation 3). With these data, the retention time of each molecule 
and death time in the chromatographic column, the characteristic equation of each chromatogram was obtained. 

In  

Table 4 , the characteristic equations for each experimental chromatogram were observed ( 

Table 3). For chromatograms A to E, the equation only was based on the distribution coefficient of each 
molecule. While for the chromatogram F, in the characteristic equation was present the molar volume (MV) and 
molar refractivity (MR), due to these data were available for substances analyzed in this chromatogram ( 

Table 5). 
 
Table 4: Equations characteristics of each chromatogram. 

HPLC Characteristic equation 

A 
Log (tR - t0 [sec]) = 0.1619 (± 0.1464)·LogD + 2.67(± 0.0627) 
n = 8,   R = 0.4115,   StD = 0.26 
t0 = 6.00 min 

B 
Log (tR - t0 [sec]) = 0.179(± 0.0285)·LogD + 3.4188(± 0.0197) 
n = 17,   R = 0.8514,   StD = 0.12 
t0 = 1.63 min 

C 
Log (tR - t0 [sec]) = 0.1968 (± 0.0244)·LogD + 3.1496(± 0.0183) 
n = 17,   R = 0.9016,   StD = 0.1 
t0 = 1.63 min 

D 
Log (tR - t0 [sec]) = 0.4602 (± 0.0327)·LogD + 3.1636(± 0.0151) 
N = 4, R = 0.9950,   StD = 0.041 
t0 = 0.75 min 

E 
Log (tR - t0 [sec]) = 0.0646 (± 0.0064)·LogD + 2.4281(± 0.0071) 
n = 6,   R = 0.9812,   StD = 0.037 
t0 = 1.00 min 

F 
Log(tR-t0 [sec])=0.0882(± 0.0461)·LogD+0.0658(± 0.0201)·MR+0.0054(±0.0043)·MV-2.3057(±0.5554) 
n = 8,   R = 0.9829,   StD = 0.21 
t0(estimated) = 2.69 min 

 
The number of data used was included for each equation, the R value, which indicates the difference 

between the predicted values data with experimental data, in addition to the standard deviation was included too. 
The chromatogram A and B had very low values of R, so these equations were discarded and the Malathion 
analysis was performed with the other chromatograms. It must be noted that the equation for chromatogram C, 
has a relative low value (close to 0.9), reason why, the prediction values obtained with these equation will not 
have much validity. For the others chromatograms (D, E and F), the value of R was close to 1, this was the ideal 
value of correlation between prediction and experimental data. These last three chromatograms did not have 
many molecules as the chromatograms B and C. 

In 
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Table 5, the molecules used for the chromatogram 6 were shown, the name given in the chromatogram, the 
experimental retention time, the chemical formula and the molecular weight. These molecules were
similar to Malathion, whereby the prediction obtained with the characteristic equation of these substances was 
closer to the desired value. 
 
Table 5: Data and structures of the chromatogram chosen for predicting the 

Name Structure tR 

dC 3,32 

dG 4,17 

dCMP 4,57 

T 5,46 

 
The prediction of retention times for the pesticide Malathion for the differentscromatograms were shown in 

Table 6. From the retention times obtained, the chromatogram B, was obtained a high a time of 453 min, 
due to the equipment configuration for obtaining this chromatogram, as a result it was not feasi
configuration in order to separate the Malathion.
 
Table 6: Prediction for retention time applied to Malathion.

Chromatogram pH 
C 8,3 
D 5,8 
E 14,0 
F 7,3 

 
The chromatogram E (molecules of alcohols), yields a value of 7.73 min for retention time for Malathion. It 

was a suitable retention time in which the use of solvents decreased during the chromatographic run, however, 
this peak was overlaid with other peak
alcohols and these are present in the preparation of Malathion, this equipment configuration was not feasible to 
perform the separation.  

The chromatogram F was the most suitable for obtaini
the width of the peak was low, whereby the separation of the compound will be effective and fast. The 
characteristics of the HPLC column in which the Malathion was obtained were shown in 

Table 3. 
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, the molecules used for the chromatogram 6 were shown, the name given in the chromatogram, the 
experimental retention time, the chemical formula and the molecular weight. These molecules were
similar to Malathion, whereby the prediction obtained with the characteristic equation of these substances was 

Data and structures of the chromatogram chosen for predicting the retention time for Malathion. 

Formula MW Name Structure tR 

C9H13N3O4 227,21 dGMP 6,52

C10H13N5O
4 

267,24 TMP 6,67

C9H14N3O7

P 
307,19 dA 7,52

C10H14N2O
5 

242,22 dAMP 10,67

The prediction of retention times for the pesticide Malathion for the differentscromatograms were shown in 

. From the retention times obtained, the chromatogram B, was obtained a high a time of 453 min, 
due to the equipment configuration for obtaining this chromatogram, as a result it was not feasi
configuration in order to separate the Malathion. 

tion for retention time applied to Malathion. 
tR (min) Width As 
83,78 0,73 1 
453,10 22,21 1 

 7,73 0,36 1 
43,87 8,59 1 

The chromatogram E (molecules of alcohols), yields a value of 7.73 min for retention time for Malathion. It 
was a suitable retention time in which the use of solvents decreased during the chromatographic run, however, 
this peak was overlaid with other peaks present in the experimental sample. Because the sample contains 
alcohols and these are present in the preparation of Malathion, this equipment configuration was not feasible to 

The chromatogram F was the most suitable for obtaining Malathion through HPLC, at pH of 7.3, in addition 
the width of the peak was low, whereby the separation of the compound will be effective and fast. The 
characteristics of the HPLC column in which the Malathion was obtained were shown in  
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, the molecules used for the chromatogram 6 were shown, the name given in the chromatogram, the 
experimental retention time, the chemical formula and the molecular weight. These molecules were structurally 
similar to Malathion, whereby the prediction obtained with the characteristic equation of these substances was 

Formula MW 

6,52 
C10H14N5O
7P 

347,22 

6,67 
C10H15N2O
3P 

322,20 

7,52 
C10H13N5O
3 

251,24 

10,67 
C10H14N6O
6P 

331,22 

The prediction of retention times for the pesticide Malathion for the differentscromatograms were shown in  

. From the retention times obtained, the chromatogram B, was obtained a high a time of 453 min, 
due to the equipment configuration for obtaining this chromatogram, as a result it was not feasible the use of this 

Area 
3,43E+02 
1,45E+04 
1,19E+01 
8,20E+02 

The chromatogram E (molecules of alcohols), yields a value of 7.73 min for retention time for Malathion. It 
was a suitable retention time in which the use of solvents decreased during the chromatographic run, however, 

s present in the experimental sample. Because the sample contains 
alcohols and these are present in the preparation of Malathion, this equipment configuration was not feasible to 

ng Malathion through HPLC, at pH of 7.3, in addition 
the width of the peak was low, whereby the separation of the compound will be effective and fast. The 
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Conclusions: 

The algorithm used for the prediction of retention time, was based on experimental chromatograms and the 
molecule to be analyzed. For the experimental chromatograms, an analysis of existing peaks was made, and 
their relationship to the distribution coefficient was performed to determine the equation chromatogram 
characteristic. While for the molecule, it began with the two-dimensional design, in which the distance and 
orientation of the bonds were optimized, to get the lower energy of the compound and thus a stable compound. 

Malathion was an organophosphate compound, widely used in agriculture especially in tropical fruit crops, 
because it was an effective insecticide. The prediction of molecular properties was performed based on the main 
chemical functions of the molecule. 

The retention time prediction was performed using the following equipment configuration, a column of 
4818 theoretical plates, at a temperature of 24.0° C and a pH of 7.3. A retention time of 43.87 min for Malathion 
was obtained, using an experimental chromatogram in which the samples contain phosphorus atoms. 

In a future work, it should be considered obtaining and maintaining the pH and temperature of HPLC 
equipment, because these values were optimized in order to obtain an adequate separation of Malathion, besides, 
to modify and scale the flow parameters to adapt the equipment for work at industrial level. 
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