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ABSTRACT 

Background: Diazinon pesticide is a chemical compound used in agriculture and 

horticulture and it has been identified and measured by various methods such as mass 

spectrometer, magnetic spectrometer, chromatography, IR, etc. Due to the chemical 

structure of diazinon, it can accept protons from active ions and be charged in multiple 

areas. 

Materials and methods: This research is a laboratory study using an ion mobility 

spectrometer. The obtained data were analyzed using Sigma Plot and ViIms software.  

Findings: This research was conducted to investigate the protonation mechanism of 

diazinon. Due to its proton scavenging properties, diazinon can be detected and measured 

using an ion mobility spectrometer in positive polarity mode. In this study, a new approach 

to distinguish between diazinon protomers by observing intramolecular hydrogen bond 

formation after protonation was introduced. The effect of hydrogen bond formation on the 

structural and electronic properties of protomers was investigated using density functional 

theory (DFT). 

Keywords: ion mobility, diazinon, protomer, spectroscopy, pesticides. 

 

INTRODUCTION  

Diazinon is one of the pesticides used in agriculture and horticulture [1-4]. This 

chemical compound is an oily and colorless liquid and is one of the 

organophosphorus pesticides[5, 6]The solubility of diazinon in water at 20°C is 60 

mg/liter[3, 7]. This pesticide is sensitive to oxidation conditions and its 

decomposition is possible at temperatures above 20°C in acidic and alkaline 

environments[6, 8-10] Many organic molecules have multiple proton binding sites[3, 

11] Protonation of a molecule with several sites may lead to the formation of protonic 

isomers (protomers)[6, 11, 12] Protomers can be identified and studied using 

different techniques, such as ion mobility spectroscopy, photochemical, and infrared 

techniques[11, 13] Protomers can be detected and separated by an 

ion mobility spectrometer, which has two criteria. Comparable 

relative abundance and different ionic mobility[12, 14] According 
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to the Boltzmann equation, the relative abundance of two protomers is an exponential 

function of the difference in protonation of the corresponding proton acceptor 

centers[15, 16]. Hence, [6]for a molecule with multiple steric centers, only one 

protomer corresponding to the steric center may be produced. However, some 

strategies have been proposed that lead to changes in the relative abundance of 

protomers and the formation of unstable protomers. In an electrospray ionization 

(ESI) source, by changing the solvent composition, the less basic center may become 

protonated. Protomers must have different mobilities (K) or collision cross sections 

(CCS) to be separated by IMS Mobility and CCS depend on the structure of the 

protomer and its interaction with the drift gas flowing in the drift region of the IMS. 

Therefore, some parameters, such as dipole moment (μD) and polarizability (α), are 

determining factors affecting the detection of protomers in IMS [13, 17]. Because in 

these compounds, protonation from the N site leads to the concentration of charge on 

the NH3 group and, as a result, the increase of μD, while the protonation of the 

oxygen atom of the C=O group causes the charge to spread both on C=O and in the 

benzene ring, which decreases μD. Therefore, the N protomer with a larger μD 

experiences more interaction with the drift gas molecules, and its IMS peak appears 

at a higher drift time [12, 16]. 

 

1: Experimental part 

1-1. Optimum conditions of the IMS device for diazinon identification 

To identify diazinon with the ion mobility spectrometer, compressed air was 

used as the input gas for the device and the corona ionization source in positive 

polarity. Reactive ions, which include H3O
+
, NH4

+
, and NO

+
, as seen in figure (2), the 

spectra of reactive ions in positive polarity and diazinon appear as two peaks close to 

each other at 10.57 and 10.37 milliseconds. These two peaks have been used as 

indicator peaks to identify and measure diazinon with an ion mobility spectrometer. 
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Figure 2: Ion mobility spectrum of diazinon and background spectrum in positive 

polarity at 200°C and in the presence of air drift gas 

1-1. checking the temperature of the injection chamber and thrust tube 

Two microliters of 100 ppm diazinon solution were injected into the IMS device at 

different temperatures in the injection zone (120–260 °C), and their spectra were 

recorded in Figure 3. The temperature of the injection zone above 120 °C can be used 

to measure diazinon with the IMS device. The temperature of 260 °C was used as the 

optimal temperature for diazinon measurement. The temperature of TB was 

investigated from 30°C to 200°C (Figure 4). An increase in temperature causes an 

increase in the intensity of the diazinon signal. Therefore, the temperature of 200 °C 

was chosen as the optimal temperature for measuring diazinon. The increase in ion 

mobility makes the ions reach the detector earlier, and the peaks appear in a shorter 

drift time. 

Therefore, with the shortening of the time for the ions to reach the detector, the 

amount of their losses due to hitting each other or the wall is reduced, ultimately 

leading to an increase in the percentage of ions passing and an increase in the signal. 
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          Figure 4: Ion mobility spectrometer 

of 

 diazinon at different temperatures 

Figure 3: Ion mobility spectrum of diazinon at  

different temperatures in the injection area 

 

Table 1 shows the optimal conditions of the device for identifying and measuring 

diazinon. 

Table 1: optimal parameters of the ion mobility spectrometer 

device to measure diazinon 
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IMS device parameters optimal 

value 

Corona voltage(V) 2300  

Thrust area voltage(V) 8000  

Thrust tube field(V/cm) 600  

Flow rate of thrust area 

(ml/min) 

600 

Carrier gas speed (ml/min)  300 

Injection chamber 

temperature (°C) 

260 

Thrust tube temperature (°C) 200 

Pulse width (µs)  50 

device polarity  + 

 

1-2. Calibration chart for diazinon measurement 

In the spectra recorded with the ion mobility spectrometer in optimal conditions, the 

area under the diazinon peak at each concentration was calculated using Vis IMS 

software. 

The linear range of the calibration curve for diazinon measurement is 0.1–8 ppm. The 

linear equation (y=0.0492x+0.0175) was recorded as shown in figure 5. 
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Figure 5: Linear range of the diazinon calibration curve 

2: Discussion and results 

2-1. Computational details 

Optimization of isomers of the diazinon molecule in the gas phase was done using 

B3LYP and density functional theory (DFT)[18, 19]. Frequency 

calculations were performed at the same level of theory to obtain 

thermodynamic functions at 298K[20]. 
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2-2. Investigation of diazinon protomers 

At 40°C, two peaks I and II were observed for diazinon at drift times (td) of 14.58 

and 14.80 ms. As the temperature increases, the peaks shift to lower drift times. Also, 

with increasing temperatures, the peak-to-peak distance decreases. Same as Figure 4. 

Mobility (K) and consequently td depend on temperature according to the Mason-

Champ equation in the form of equation (1) . 
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q is the baryon, P is the thrust gas pressure, ld and E are the length and electric field 

of the thrust tube, μ and Ω are the reduced mass of the cross section of the 

ion/propellant gas collision, k is Boltzmann's constant, and α is a parameter smaller 

than 0.02. The ion/molecule cross section, Ω, shows a T-1/2 dependence for most 

systems [11, 10]. Therefore, ΩT1/2 is a parameter independent of temperature. 

Therefore, td/1 must be a linear function of T. It shows the graphs of td vs. T for 

peaks I and II of diazinon in Figure 6. 1/td-T plots are two curves with almost the 

same slope for peaks I and II. 

 
Figure 6: graph of 1/td versus T for peaks I and II of diazinon 

  

The linearity and the same slope of these two curves indicate that these two 

protomers do not undergo breakage or waterproofing at the studied temperatures. As 

the temperature increases, peaks I and II may overlap to some extent, which could be 

due to the structural features described in the following sections. 

The optimized structure of four isomers of diazinon (D) is shown in Figure 7. These 

structures are rotational isomers due to the rotation of the CH (CH3)2 and P 
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(OC2H5)2 groups. Although the D-b structure is the most stable isomer, due to the 

small difference in their relative energies, all four structures have considerable 

abundance. 
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Figure 7: Optimized structures for different diazinon isomers in the gas phase 

Relative energy is in kJ/mol. 

Diazinon has several centers for proton capture, including the ring N atom, a P=S 

sulfur atom, and three oxygen atoms attached to the P atom. Protonation of nitrogen 

atoms leads to the formation of protomers I and II. 
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Figure 8 shows optimized structures for protonated diazinon isomers in the gas phase. 

Intramolecular hydrogen bond length and relative energies are in Å and kJ mol-1, 

respectively. 

Protomers III and IV-V are produced from the protonation of S and O centers, 

respectively. The calculated values of PA and GB for all diazinon centers are 

summarized in Table 2. The comparison of relative energies shows that the nitrogen 

atoms inside the ring are the most favorable protonation sites, so that protomers I and 

II are the most stable protonated structures of diazinon. These protomers are more 

stable than S-protomers (III) and O-protomers by 75 and 160 kJ bromole, 

respectively. Therefore, the IMS peak observed in Figure 9 can be attributed to 

protomers I and II. 

Table 2: PA and GB values calculated for all diazinon sites at 298 K in the gas phase 

protomer PA (kJ 

mol
-1

) 

GB (kJ 

mol
-1

) 

D-b + H
+
 → 

Protomer-Ia 

9/965  1/936  

D-b + H
+
 → 5/967  5/936  
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Protomer-Ib 

D-b + H
+
 → 

Protomer-Ic 

4/971  3/949  

D-b + H
+
 → 

Protomer-Id 

4/979  9/939  

D-b + H
+
 → 

Protomer-IIa 

8/968  9/938  

D-b + H
+
 → 

Protomer-IIb 

5/979  9/941  

D-b + H
+
 → 

Protomer-IIc 

1/964  6/934  

D-b + H
+
 → 

Protomer-IId 

5/963  9/935  

D-b + H
+
 → 

Protomer-IIe 

4/956  4/939  

D-b + H
+
 → 

Protomer-IIf 

6/954  5/993  

D-b + H
+
 → 

Protomer-IIg 

9/965  1/937  

D-b + H
+
 → 

Protomer-IIh 

9/963  8/933  

D-b + H
+
 → 

Protomer-IIIa 

9/896  7/869  

D-b + H
+
 → 

Protomer-IIIb 

5/999  9/873  

D-b + H
+
 → 

Protomer-IV 

1/891  1/793  

D-b + H
+
 → 

Protomer-V 

6/899  7/777  

The comparable stability of N-protomers I and II (difference of ~0.9 kJ mol-1) 

ensures that both protomers are formed with comparable abundance (44:56% at 

oC200). It should be noted that these N-protomers have different ionic mobility. In 

protomer II, the incoming proton can form an intramolecular hydrogen bond with 

adjacent S or O atoms. Figure 1 shows that hydrogen interaction with sulfur atoms 

(IIa–IIb) is stronger than hydrogen bonding with oxygen atoms 

(IIe–IIh). The formation of an intramolecular hydrogen bond 

spreads the positive charge of the incoming proton. Therefore, the 



Academic Research in Educational Sciences Volume 4 | Issue 11 | 2023 

ISSN: 2181-1385 ISI: 0,967 | Cite-Factor: 0,89 | SIS: 1,9 | ASI: 1,3 | SJIF: 5,771 | UIF: 6,1 
  

 

  

142 November, 2023 

https://t.me/ares_uz                                     Multidisciplinary Scientific Journal 

dipole moment is expected to be lower for protomer II than for protomer I. The 

calculated μD values for diazinon and all its protomers are summarized in Table 3. 

Table 3 calculates the values of dipole moment and polarizability for different 

structures of diazinon and its protomers. 

protomer μD (D) α (Å
3
) 

D-a 916817/9  998667/914  

D-b 995559/9  747999/914  

D-c 847913/9  998333/915  

D-d 779696/9  549999/915  

Protomer-Ia 946999/9  989999/911  

Protomer-Ib 996875/9  964333/911  

Protomer-Ic 357934/8  115999/919  

Protomer-Id 419973/8  958999/919  

Protomer-IIa 519787/9  191999/919  

Protomer-IIb 496936/9  137667/911  

Protomer-IIc 569949/3  449333/911  

Protomer-IId 993899/3  859667/919  

Protomer-IIe 837685/3  994999/999  

Protomer-IIf 115895/4  969333/999  

Protomer-IIg 654919/9  974999/911  

Protomer-IIh 778449/9  99499/919  

Protomer-

IIIa 

694669/5  433667/997  

Protomer-

IIIb 

565398/4  999667/996  

Protomer-IV 536998/8  939333/911  

Protomer-V 313814/5  953667/919  

For neutral diazinon, μD values are around 2.2–2.8 D, while these values 

increase significantly for protomer I to D 4.8–9.9. Although II protomers are 

positively charged, their μD values are comparable to neutral diazinon. It should be 

noted that apart from forming a hydrogen bond, the location of the proton also affects 

the value of the dipole moment, as in protomer I, the proton is attached to one side of 

diazinon, while for protomer II, protonation occurs in the center of the molecule. The 

dipole moment vectors for the most stable neutral and protonated structures of 

diazinon are compared in figure 9. 
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Figure 9 shows the dipole moment vectors for the most stable structures of protonated 

and neutral diazinon. 

Larger μD values for protomer I lead to a stronger interaction with the drift gas 

molecules, resulting in the appearance of a peak at higher drift times. In addition, the 

greater stability of protomers I compared to protomers II makes the intensity of the 

peak corresponding to protomer I higher than that of protomer II. Peaks I and II in 

Figure 9 correspond to protomers I and II, respectively. Figure (9) also shows that the 

relative intensity of peaks I and II changes with temperature. The Boltzmann equation 

is used to interpret this temperature behavior. 

 
)2).......(exp(

RT

E

IIntensity

IIIntensity 
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According to equation (2), ln (II/I) is a linear function 1/T with a slope of -∆E/R, 

where ∆E is the energy difference between protomers I and II and the gas constant R 

is equal to J mol-1 K-1314. It is 8/ Figure 10 shows the graph of ln (II/I) in terms of 

1/T. From the slope of this graph, the energy difference between protomers I and II 

was equal to 2.6 kJ mol-1, which corresponds to the theoretically calculated value of 

0.9 kJ mol-1. 
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Figure 10 shows the graph of ln(II/I) versus 1/T for the ionic mobility peaks of I and 

II for diazinon. (II/I) shows the relative intensity of II and I peaks. 

Figure (11) shows the potential energy curves for Ic and IIb protomers obtained by 

scanning the N-C-O-P dihedral angle (group rotation (2P=S (OC2H5)).  

 
Figure 11: Energy levels obtained for Ic and IIb protomers by N-C-O-P dihedral scan 

(rotation of the P=S(OC2H5)2 group) 

 

CONCLUSION  

As mentioned above, intramolecular hydrogen bond formation in protomer II 

results in low polarity, less interaction of the ion with the propellant gas, and the 

appearance of its peak at a lower Td. Intramolecular hydrogen bonding may also 

affect TD by changing the structure of protomers.  

The formation of an intramolecular hydrogen bond in protomer IIb makes the N-C-O-

P dihedral angle equal to -20C
o
[18] In the absence of an intramolecular hydrogen 

bond (for example, in protomer Ic), the P=S (OC2H5)2 group can rotate to make the 

N-C-O-P dihedral angle equal to -170o. Intramolecular hydrogen bond formation in 

isomer IIb produces a rigid structure that cannot easily rotate around the N-C-O-P 

dihedral, or even if it can overcome the rotational energy and rotate, this rotation does 

not lead to a stable conformer. Because the potential energy curve does not show any 

other potential wells for protomer II, But in protomer Ic, because the intramolecular 

hydrogen bond is not formed, the P=S (OC2H5)2 group can rotate and lead to another 

stable isomer (Id) with a dihedral angle of N-C-O-P equal to 15°. However, the 

potential barrier for Ic↔Id conversion is about 19 kJ mol-1, and at high temperatures, 

the molecule may overcome the energy barrier. In this case, the I peak in the ion 

mobility spectrum can be related to a mixture of Ic and Id 

protomers. In short, the formation of a hydrogen bond leads to a 

change in the structure and polarity of protomer II. The formation 
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of the NH...S bond in protomer II leads to a stable and strong structure where the 

P=S(OC2H5)2 group is not able to rotate freely. But in protomer I, without hydrogen 

bonding, the P=S(OC2H5)2 group can rotate, and interconversion between its two 

structures is possible. This difference in structure in protomers I and II leads to 

different ionic mobility and the observation of two separate peaks for two isomers of 

protonated diazinon. 
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