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Abstract 
   A magnetically recoverable adsorbent has been prepared by silica-coated magnetic nanoparticles through 

an amine functionality (ASMNPs). The ASMNPs were characterized by XRD, TEM, SEM, and FT-IR 

spectroscopy. It was used as an efficient and economical adsorbent for removing O, O-Diethyl O-[4-methyl-

6-(propan-2-yl) pyrimidin-2-yl] phosphorothioate (diazinon) from contaminated water through batch 

experiments. The results were shown that 84% of diazinon was removed after 30 min. The experimental data 

of the adsorption kinetics were well described by Pseudo-second-order kinetic model (R2>0.99), and 

Equilibrium adsorption data could be better fitted with the Freundlich isotherm (R2>0.99). The standard free 

energy change (ΔG°) and standard enthalpy change (ΔH°) were indicated that this system is a spontaneous 

and exothermic process.  
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1. INRODUCTION 
   Nanomaterials have shown superior 

adsorption capacities in the removal of 

diverse range of chemical contaminants and 

aromatic solutes due to their shapes with 

high aspect ratio and provision of large 

external surface area [1, 2]. The mobility of 

nanoparticles in solution is high and the 

whole volume can be quickly scanned with 

small amounts of nanomaterials due to their 

small size [3-4]. Therefore, advances in 

nanotechnology and engineering suggest 

that many of the current problems involving 

water quality could be resolved or greatly 

diminished by using nanoabsorbent. From 

environmental point of view, iron oxide 

separation offers advantages because of the 

easy recovery of the absorbent without 

filtration or centrifugation [5-6]. 

   In parallel, the use of large quantities of 

insecticides and pesticides in agriculture 

activities is one of the main causes of 

pollution of surface and ground water [7]. 

Since the majority of organic pesticides are 

non-degradable and carcinogenic, they are 

considered as a powerful category of water 

contaminants [8-9]. In fact, 17% of 2.36-

bilion kg of the world pesticide amount used 

was insecticides. Hence, the contamination 

of surface and ground water by insecticides 

has become a serious environmental 

problem and the removal of insecticides 

from water is one of the major 

environmental concerns these days [10]. 

Conventional technologies have been used 

to treat all types of organic and toxic waste 

by adsorption, biological oxidation, 

chemical oxidation and incineration [11-

12]. From an economic point of view, 

adsorption is simple, fast, real applicable 

technique [13]. Diazinon was selected as an 

organophosphate insecticide and volatile 

insecticide greatly applied to eliminate flies 

and ticks, especially O. tholozanitick. Low 

concentrations of diazinon (even 350 ng.L–

1 ) can be highly toxic to aquatic organisms 

[14-16]. It has been found that fatal human 
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doses are in the range of between 90 and 

444 mgKg–1. While, this toxin is widely 

used in farms and its residue could be found 

in underground waters and rivers and high 

residual level had been detected in 

vegetables.  It is considered as a major 

concern for groundwater and drinking water 

because it is relatively water soluble, 

nonpolar and moderately mobile. 

Therefore, it is essential to use effective 

chemical and biological methods for 

treatment of wastewaters containing 

diazinon [17-20]. The structure of diazinon 

is presented in scheme1. 

   We recently reported the removal of 

pyrene and related aromatic hydrocarbons 

by the several novel complexes based 

catalyst systems and also friendly 

environmental oxidation of alcohols to 

aldehydes and ketons [19-24]. In continuing 

our work, the amino modified core-shell 

magnetic nanoparticles were synthesized 

and used as an efficient adsorbent for the 

removal of pesticide from aqueous 

solutions. Optimization of adsorption of 

diazinon by the classical method involves 

changing one independent variable (i.e. 

adsorbent dosages, pH, initial diazinon 

concentration, contact time, temperature) 

while maintaining all others at a fixed level 

which is extremely time consuming and 

expensive for a large number of variables. 

To overcome this difficulty, experimental 

factorial design and response methodology 

can be employed to optimize the adsorption 

of diazinon. The objective of the present 

study is to optimize adsorption of diazinon 

in aqueous solution onto pretreated S. 

cerevisiae in a batch experiment. For better 

understanding of adsorption, kinetic, 

isotherm, and thermodynamic were 

evaluated.  

 

 

Scheme 1. The structure of O, O-Diethyl O 

[4-methyl-6-(propan-2-yl)pyrimidin-2-yl] 

phosphorothioate( diazinon). 

2. EXPERIMAENTAL 

2.1 Materials and Methods 

   Analytical grade diazinon for the 

experiment was purchased from Fluka Co. 

(Germany). A diazinon stock solution of 40 

mg/L was prepared in distilled water and 

kept in a refrigerator at 4 °C until use. All 

other chemicals used, were as analytical 

grade and were purchased from Merck Co. 

(Germany). Standard solutions and working 

solutions were prepared by appropriate 

dilution of the stock solutions. IR spectra of 

adsorbent in the 4000–400 cm-1 regions as 

KBr disks were recorded on a Thermo 

SCIENTIFIC model NICOLET iS10 

spectrophotometer. HRTEM analysis was 

performed using HRTEM microscope 

(Philips CM30). The morphology of the 

products was determined by using Hitachi 

Japan, model s4160 Scanning Electron 

Microscopy (SEM) at accelerating voltage 

of 15 KV.  

 

2.2 Synthesis of Amino-silane Modified 

Magnetic Nanoparticles (ASMNPs) 

Synthesis of Magnetite Nanoparticles 

(Fe3O4, MNP) 

A solution of FeCl2 (5.40 g) and FeCl3 

(2.00 g) in aqueous hydrochloride acid 

(2.00 M, 25.00 mL) at room temperature 

was sonicated until the salts dissolved 

completely. Aqueous ammonia (25%, 40.00 

mL) was added slowly over 20 min to the 

mixture under Ar atmosphere at room 

temperature followed by stirring about 30 

min with mechanical stirrer. The Fe3O4 

nanoparticles were separated by external 

magnet and washed three times with 

deionized water and ethanol. The final 

product was obtained after drying under 

vacuum [25]. 

 

2.3 Synthesis of Silica-Coated Magnetite 

Nanoparticles (SMNP) 

The synthesized Fe3O4 suspended in 

35.00 mL ethanol and 6 mL deionized water 
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and sonicated for 15 min. 1.50 mL of 

tetraethyl orthosilicate was added slowly to 

the mixture and sonicated for 10 min. Then 

aqueous ammonia (10%, 1.40 mL) was 

added slowly over 10 min under mechanical 

stirrer. The mixture was heated at 40 °C for 

12 h. The iron oxide nanoparticles with a 

thin layer of silica (Fe3O4@SiO2, SMNP) 

were separated by an external magnet and 

washed three times with ethanol and dried 

under vacuum [25]. 

 

2.4 Amination of Silica-Coated 

Magnetite Nanoparticles (ASMNP) 

10.00 g of dry SMNP powder were 

mixed with 200.00 mL of toluene to 

produce a homogeneously mixed solution, 

followed by sonication the mixture for 30 

min. Then 2.50 mL of (3-aminopropyl) 

triethoxysilane was added under 

mechanical stirring and the mixture was 

slowly heated to 105°C and kept at this 

temperature for 20 h. The final sample 

(ASMNP) was separated by an external 

magnet and washed three times with 

methanol or ethanol and dried under 

vacuum. The concentrated product stored in 

refrigerator to use [25]. The magnetite 

adsorbent was characterized by TEM, SEM, 

XRD, and FT-IR.  

 

2.5 Adsorption Experiments and 

Analysis 

   Adsorption of diazinon on ASMNPs was 

investigated through batch experiments at 

room temperature. A stock diazinon 

solution of 40 mg/L was prepared by 

dissolving 36mL of diazinon in a 1000mL 

of deionized water. The solution was 

diluted for different diazinon concentration 

by deionized water as required working 

solutions. The initial pH of working 

solution was adjusted by addition of 2N HCl 

and 2N NaOH. Batch adsorption 

experiments were conducted to study the 

effect of solution pH, initial diazinon 

concentration and the dosage of ASMNPs. 

Each experiment was carried out in 

Erlenmeyer flasks containing 5mgl-1 

diazinon solutions by shaking the flasks at 

120rpm for period contact time of 60 min. 

After shaking, the suspensions were 

separated by an external magnet. The 

solutions were carefully decanted to be 

analyzed using a UV/Vis 

spectrophotometer, at 236 nm, which was 

the maximum wavelength for diazinon.  

 

2.6 Kinetic Modeling 

   The adsorption kinetics of diazinon onto 

ASMNPs to evaluate the controlling 

mechanism of adsorption process was 

investigated using two simplified kinetic 

models including the Lagergren pseudo-

first-order and pseudo-second-order, 

equation 1 and equation 3, respectively. 

                                   (1) 

 

   Where k1 is the adsorption rate constant of 

pseudo-first-order model, qt and qe are the 

amount of diazinon adsorbed at time t (mg 

g-1) and at equilibrium (mg g-1) respectively 

[33]. The linear form of this equation is as 

follow:  

                           (2) 

 

   A linear plot of ln (qe-qt) versus t allows 

us to determine k1 and qe values from the 

slope and the intercept of the equation 

(Figure 9) [27]. 

The pseudo-second-order kinetic model 

can be represented in the following form: 

                               (3) 

 

Where k2 is the equilibrium rate 

constant of pseudo-second-order model (g 

mg-1 min-1), qt is the amount of diazinon 

adsorbed at time t (mg g-1) and qe is the 

amount of the diazinon adsorbed at 

equilibrium (mg g-1). The linear form of this 

equation is as follow: 

                               (4) 

 

The qe and k2 values of the pseudo-

second-order kinetic model can be 

determined from the slope and the intercept 

of the plots of t/q versus t, respectively 

(Figure 10) [33]. The adsorption capacity of 

diazinon onto ASMNPs at a certain time (qt, 

qt / dt = k1(qe - qt )

ln(qe - qt ) = ln(qe)- k1t

dqt / dt = k2(qe - qt )
2

t / q =1/ k2qe
2 +1/ qet
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mg g-1) and at equilibrium (qe, mg g-1) can 

be calculated by equation 5 and equation 6, 

respectively. 

                                        (5) 

 

                                        (6) 

 

Where C0 (mg L-1) is the initial 

concentration of diazinon, Ce (mg L-1) is the 

equilibrium concentration of diazinon, Ct 

(mg L-1) is the concentrations of diazinon at 

a certain time t, V (L) is the solution volume 

and m (g) is the mass of ASMNPs [34]. The 

kinetic parameters including the pseudo-

first-order rate constant k1 and the pseudo-

second-order rate constant k2, calculated 

equilibrium adsorption amount qe,cal and 

experimental equilibrium adsorption 

amount qe,exp  and regression coefficients 

(R2). 

 

2.7 Adsorption Isotherms 

The amount of solute adsorbed per unit 

weight of adsorbent as a function of the 

equilibrium concentration in the bulk 

solution at constant temperature was 

presented by an adsorption isotherm [31]. In 

our study, Langmuir, Freundlich and 

Temkin isotherms were used to describe the 

adsorption behavior of diazinon onto 

ASMNPs. The Langmuir adsorption 

isotherm is based on the assumption that 

maximum adsorption corresponds to a 

saturated monolayer of solute molecules on 

the adsorbent surface, with no lateral 

interaction between the adsorbed molecules 

[28]. The Langmuir isotherm can be 

expressed as follow: 

                              (7) 

 

Where Q0 and kL are the Langmuir 

constants related to the adsorption capacity 

and energy of adsorption, respectively [55]. 

The linear expression of the Langmuir 

isotherm is as follow:  

                     (8) 

 

Where qe (mg g-1) and Ce (mg L-1) are 

the amounts of adsorbed diazinon per unit 

mass of ASMNPs and diazinon 

concentration at equilibrium, respectively. 

qmax is the maximum amount of the diazinon 

per unit mass of adsorbent to form a 

complete monolayer on the surface bound at 

high Ce and kL is a constant related to the 

affinity of the binding sites (L mg-1). The 

Langmuir constants qmax and kL can be 

determined from the slope and intercept of 

the plot of specific adsorption (Ce/qe) 

against the equilibrium concentration (Ce) 

(Figure 11) [28, 10]. The essential 

characteristics of the Langmuir isotherm 

can be expressed in terms of a 

dimensionless constant separation factor RL 

that is given as follow:  

01/L LR k C                                      (9) 

 

Where kL is the Langmuir constant and 

C0 is the highest initial diazinon 

concentration (mg L-1). The value of RL 

indicates the type of isotherm to be either 

favorable (0<RL<1), linear (RL=1), 

unfavorable (RL>1), or irreversible (RL=0) 

[36]. 

The Freundlich isotherm is an empirical 

equation employed to describe 

heterogeneous systems. This isotherm 

assumed that the stronger binding sites are 

occupied first and that the binding strength 

decreases with the increasing degree of site 

occupation [28, 33]. The Freundlich 

equation is expressed as: 

                                             
(10) 

 

Where kF and n are Freundlich constants 

with kF (mg g-1 (L/mg)-1/n) is the adsorption 

capacity of the diazinon and n giving an 

indication of how favorable the adsorption 

process. The magnitude of the exponent, 

1/n, gives an indication of the favorability 

of adsorption. Values of 1/n<1 represent 

favorable adsorption condition [36-37]. The 

linear form of Freundlich isotherm is shown 

by equation 11.  

                              
(11) 

qt =V
C0 -Ct

m

qe =V
C0 -Ce

m

qe =Q0kLCe /1+ kLCe

Ce / qe =1/ kLq max
+Ce / qmax

qe = k fCe
1
n

lnqe = lnk f +
1

n
lnCe
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ln(qe) was plotted against ln(Ce) to 

determine the constants kF and n. Values of 

kF and n are calculated from the intercept 

and slope of the plot (Figure 12) [38]. 

Temkin and Pyzhev considered the 

effects of indirect adsorbate/adsorbate 

interactions on adsorption isotherms. The 

heat of adsorption of all molecules in the 

layer would decrease linearly with coverage 

due to adsorbate/adsorbate interactions 

[39]. This isotherm can be shown as 

equation 12: 

                                (12) 

 

Where b is the Temkin constant related 

to heat of adsorption (J mol-1), A is the 

Temkin isotherm constant (L g-1), R is the 

gas constant (8.314 J mol-1 K-1), and T is the 

absolute temperature (K) [33]. The linear 

form of Temkin isotherm is as follow:  

                               (13) 

 

Where B = RT/b [39]. A and B constants 

can be determined by plotting qe against 

lnCe. 

 

2.8 Thermodynamic of Adsorption 
In order to know the nature of diazinon 

adsorption process, thermodynamic 

parameters including standard free energy 

change (ΔG°, kJ), standard enthalpy change 

(ΔH°, kJ) and standard entropy change 

(ΔS°, J K-1) were determined. These 

thermodynamic parameters can be 

calculated as follow: 

                                    (14) 

                             (15) 

 

By combination of equations (14) and 

(15), we can conclude: 

     (16) 

 

Where R (8.314×10-3 kJ mol-1 K-1) is the 

universal gas constant, T (K) is the solution 

temperature, and K is the equilibrium 

adsorption constants of the isotherm fits 

[34]. Using the K values determined from 

the adsorption isotherm equations 

(K=qe/Ce) [27], the corresponding values of 

ΔG° of adsorption can be determined at 

different experimental temperatures. 

According to the equation (15), ΔG° is the 

function of change in enthalpy and entropy 

of adsorption, so ΔH° and ΔS° can be 

determined from the slope and the intercept 

of the linear plot of lnK versus 1/T [33]. 

 

3. RESULTS AND DISSCUSION 

3.1 Characterization of ASMNPs 

In order to characterization of 

synthesized nanoparticles, the particle size 

and morphology of the samples were 

determined by transmission electron 

microscopy (TEM), scanning electron 

microscopy (SEM), powder X-ray 

diffraction (XRD) and FT-IR spectroscopy. 

The SEM and TEM images of ASMNPs 

showed uniformity and spherical 

morphology of nanoparticles with an 

average diameter of 10 nm (Figure 1). The 

crystalline structure of the MNP with a 

cubic structure was identified with XRD 

(Figure 2). Figure 3 demonstrates the FT-IR 

spectra of ASMNPs. The presence of 

magnetite core in the prepared 

nanomaterials was confirmed by 

observation of two bands at around 430–

600 cm-1. The broad peak at about 900–

1200 cm-1 assigned to Si-O-Si and Si-OH 

stretching vibrations showed the silica 

coating of magnetite nanoparticles. The 

anchoring of aminopropyl groups on SMNP 

was confirmed by stretching vibrations 

appeared at about 2800-3000 and 3423 cm-

1 [25]. 

 

3.2 Adsorption of Diazinon on ASMNPs 

3.2.1The Effect of Initial Concentration 

of Diazinon 

   First of all, the initial concentration of 

diazinon was examined. For this aim, the 

removal efficiencies (RE) were calculated 

by following equation, in the presence of 

constant amount of adsorbent and different 

concentration of diazinon. 
 

  
 

   Where C0 is the initial concentration 

of diazinon and Ce is the concentration of 

diazinon in equilibrium time. 

qe = RT ln(AC) /b

qe = B lnA+ B lnCe

DGO = -RT lnK

DGO = DHO -TDSO

lnK = -DGO / RT = DSO / R- DHO / RT

Re% = ((C0 -Ce) /C0 )100
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Figure 1. TEM (A) and SEM (B) images of 

ASMNPs. 

 

 
Figure 2. XRD patterns of ASMNPs. 

 

 
Figure 3. The F T-IR of ASMNP. 

 

   Finally the RE% was plotted against C0 

and the best removal efficiency was 

obtained for the initial concentration of 5 

mg L-1(Figure 4) 

 
Figure 4. The effect of initial concentration 

of diazinon on the removal efficiency. 

 

3.2.2 Effect of Adsorbent Dosage 

The adsorbent dosage is an important 

parameter because this parameter 

determines the capacity of adsorbent for a 

given diazinon concentration and also 

determines adsorbent–adsorbate 

equilibrium of the system [26]. Therefore 

the effect of adsorbent dosage in the range 

of 0.1-20 mg on the diazinon adsorption 

was studied using a solution containing 5 

mg L-1 diazinon solution. The results of 

diazinon removal at various ASMNPs 

dosage were shown in Figure 5. The 

percentage of removal of diazinon 

increased from 55.1% at 0.1 mg to 84% at 

2.5 mg of adsorbent dosage. The optimum 

dosage was found to be 2.5 mg. The 

improvement of diazinon removal with 

increased dose of ASMNs as an adsorbent 

can be attributed to the increased adsorbent 

surface area and availability of active 

adsorption sites for a fixed number of 

diazinon molecules in the solution [26-27]. 
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Figure 5. Effect of adsorbent dosage on 

removal of diazinon onto ASMNPs 

3.2.3. Effect of Solution pH 

   The effect of pH of water on diazinon 

adsorption on ASMNs was investigated in the 

range of 2 to 10. The equilibrium adsorption 

(qe) was decreased by increasing the pH of 

water (Figure 6). The behavior suggests that 

the adsorption was dominated by the 

interaction between diazinon and adsorbent 

surface [28]. A greater degree of hydrolysis 

was observed in pH levels that were acidic 

[29]. The adsorption of diazinon however, 

started to increase at a solution pH level over 

7. It should be noted that pKa of diazinon is 

2.6. The surface of ASMNPs is positively 

charged at a solution pH level below 7. 

However, at pH above pKa diazinon 

molecules dissociate to anionic species [30]. 

The greater the pH level of the solution above 

pKa, the higher is the degree of diazinon 

dissociation, it thereby becomes more 

negatively charged [31]. In pH of 2, the 

maximum negative diazinon and positive 

ASMNPs was observed that best ionic 

interaction was obtained. The reduction of 

diazinon adsorption with increased pH level 

up to 7 can be observed; at a pH level above 

ASMNPs of 7 the surface of ASMNPs 

becomes negatively charged and this 

electrostatically repulsed the diazinon [32]. 

 
Figure 6. Effect of solution pH on removal 

of diazinon by ASMNPs.  

 

3.2.4 Effect of Contact Time 

Another important parameter in the 

adsorption process is the contact time 

between adsorbate and adsorbent (Figure 

7). At different contact time (2-60min), the 

adsorption of diazinon on 2.5mg of 

ASMNPs was performed with initial 

diazinon concentrations of 5 mg L-1. The 

adsorption process increased rapidly within 

30 min and it reaches equilibrium after 30 

min. The fast adsorption at the initial stage 

may be due to a large number of surface 

sites are available for adsorption. As a 

result, the remaining vacant surface sites are 

difficult to be occupied due to formation of 

repulsive forces between the diazinon 

molecules on the solid surface and in the 

bulk phase [26] 

Figure 7. Effect of contact time on removal 

of diazinon by ASMNPs.  

 

3.2.5 Effect of Temperature 

The effect of temperature on diazinon 

adsorption onto ASMNPs was carried out at 

the range of 15°C to 45°C. The amount of 

equilibrium adsorption of diazinon 

decreased by the increasing temperature 

from 15°C to 45°C that indicates an 

exothermic process (Figure 8). This finding 

could be due to a tendency for the target 

molecules to escape from the solid phase to 

the bulk phase with an increase in 

temperature of the solution [33]. 

 

3.2.6 Effect of Water Impurities 

The effect of several important water 

impurities including NaCl and ammonia on 

the adsorption of diazinon onto ASMNPs 

was investigated. 0–1.5 mg L-1 and 0–20 mg 

L-1 were used for concentration of NaCl, 

ammonia and respectively [27]. These 

results were shown that the percentage of 

diazinon adsorption improved in the  
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Figure 8. Effect of temperature on removal 

of diazinon onto ASMNPs.  

 

presence of NaCl (Figure 9(A)). It could be 

due to the electrostatic interaction that is the 

main mechanism of diazinon adsorption 

onto ASMNPs. Increased adsorption of 

organic molecules with a NaCl 

concentration up to 0.1 M has been reported 

in other research such as Al-Degs et al [27, 

37]. In addition the diazinon adsorption 

were enhanced in the presence of ammonia 

(Figure 9(B)). The ammonia molecules in 

pH<7 have NH4
+ and OH- ions and the 

existent OH- ions in the aqueous medium 

could form a double layer with negative 

electric charge around ASMNPs. Therefore 

the electrostatic interaction between 

cationic diazinon molecules and negative 

surface of nanoparticles was confirmed 

again. 

In 2015, F. Chan investigated the 

effectiveness of chlorine dioxide (CD) to 

remove phorate and diazinon residues on 

fresh lettuce and in aqueous solution. At 

their optimum condition, 60% of diazinon 

was remained after 20 min [34]. In 2013, K. 

S. Ryoo reported fly ash, loess, and 

activated carbon as adsorbent for removal 

diazinon from water. The equilibrium 

adsorption times of diazinon by activated 

carbon and loess were found within 24 h of 

contact time. Activated carbon showed the 

best adsorption in the same condition. After 

4 hours, Approximately75-85% of diazinon 

removed by activated carbon. The 

adsorption data shows that fly ash is not 

effective for the adsorption of diazinon [35]. 

 

 
Figure 9. The effect of NaCl (0–1.5 mg L-1) 

(A), ammonia (0–20 mg L-1) (B) on 

adsorption of diazinon onto ASMNPs.  

 

   Batch removal of diazinon from aqueous 

solution by granular-activated carbon was 

reported by M. Fazlzadehdavil in 2014. 

After 50 min, the highest removal efficiency 

of 88% for diazinon obtained in 50-min 

contact time [36]. As our knowledge, the 

maximum diazinon was removed in the 

minimum contact time was obtained by 

ASMNPs (Table 1). On the other hand, 

TEM and SEM of after adsorption were 

shown that spherical morphology of 

adsorbent (Figure 10). 

  

3.2.7 Kinetic Modeling, Adsorption 

Isotherm, and Thermodynamic 

Adsorption 

The kinetic modeling of adsorption of 

diazinon onto ASMNPs was considered. 

The conformity between experimental data 

and the model predicted values is expressed 

by the correlation coefficients (R2) and 

comparing the values of qe,cal and qe,exp. The 

relative higher value of R2 and the lower 
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value of Δq are the more applicable model 

to the kinetics of diazinon adsorption onto 

ASMNPs [33]. The pseudo-second-order 

model has the higher value of R2 and the 

lower value of ∆q (Table 2). Thus it seems 

that the pseudo-second-order kinetic model 

is more suitable to describe the diazinon 

adsorption onto ASMNPs. This founding 

indicates that adsorption capacity is 

proportional to the number of active sites of 

ASMNPs [40-41]. 

 

Table 1. Comparison of adsorption of 

diazinon. 
Entry Adsorbent Removal of 

diazinon% 

Time 

(min) 

Ref 

1 Chlorine 

dioxide 

(CD) 

60 20 34 

2 Activated 

carbon 

75-87 1440 35 

3 Granular-

activated 

carbon 

88 50 36 

4 Ca-

montmorill

onite 

31 1440 49 

5 nanocrysta

lline 

magnesiu

m oxides 

 

20-50%  1440 50 

6 ASMNPs 84 30 This 

wor

k 

 

   The kinetic modeling of adsorption 

process was completed by using Bangham’s 

equation evaluating the adsorption is pore-

diffusion controlled. Bangham’s model 

equation is generally expressed as [42]  

 (13)  

   Where C0 is the initial concentration of 

the adsorbate in solution (mg/L), V the 

volume of the solution (L), m the weight of 

adsorbent used per liter of solution (g/L), qt 

(mg/g) the amount of adsorbate retained at 

time t, and α, kb are constants. 

 
Figure 10. The SEM (B) and TEM 

(A) of ASMNPs after adsorption of 

diazinon 
 

Table 2: The kinetic parameters of 

diazinon adsorption onto ASMNPs. 

pseudo-first-order kinetics model 

k1 

qe,exp 

(mg 

g-1) 

qe,cal 

(mg 

g-1) 

∆q R2 

0.0971 8.54 6.44 2.10 0.9944 

pseudo-second-order kinetics model 

k2 

qe,exp 

(mg 

g-1) 

qe,cal 

(mg 

g-1) 

∆q R2 

0.023 8.54 9.33 0.79 0.9992 

 

 was plotted against log t 

that α and kb constants were calculated 

from the intercept and slope of the straight 

line plots of it. The regression coefficients 

(R2) is 0.9975 that is lower than 

corresponding value for pseudo-second-

order kinetics model (Figure 11). 

   The Langmuir, Freundlich, and Temkin 

isotherms as the adsorption isotherms of 

adsorption of diazinon onto ASMNPs were 

investigated. 

loglog(
C0

C0 - qt .m
) = log(

KB

2.303.V
)+a log t

log log(
C0

C0 - qt .m
)
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Table 3. The information of diazinon 

adsorption isotherm onto ASMNPs. 

Langmuir isotherm 
LR Lk maxq 

2R 

0.18 0.115 112.36 0.9896 

Freundlich isotherm 
1/n Fk 

2R 

0.72 11.92 0.9904 

Temkin isotherm 
A B 2R 

1.69 20.44 0.9713 

 

   According to Table 3 information, 

Freundlich isotherm fits quite well with the 

experimental data because of the value of R2 

in this isotherm is higher (R2 = 0.9904) than 

the others. A good fit of this equation 

reflects heterogeneous surface [43]. 

Moreover the Freundlich model is well 

known to be a better fit for adsorption into 

a porous material. 

 
Figure 11. The plot of Bangham kinetics 

model of diazinon adsorption onto 

ASMNPs. 

 

Thus, these adsorption behaviors 

seemed to be porous adsorption [10]. The 

obtained value of Langmuir separation 

factor, RL between 0 and 1 indicates that 

diazinon adsorption process was favorable. 

A value of 1/n below one was also 

confirmed the favorable adsorption process 

[46]. 

 

To understand the better of diazinon 

adsorption on ASMNPs, the 

thermodynamic of this process was 

investigated. All of ΔG°, ΔH° and ΔS° are 

negative during the diazinon adsorption 

process (Table 4). The negative value of 

ΔG° shows that the adsorption of diazinon 

onto ASMNPs is a spontaneous and 

favorable process [27, 40]. The negative 

value of ΔS° indicates a decrease in state of 

disorderness in the molecules during 

adsorption of diazinon onto adsorbent, 

which is due to the binding of molecules 

with adsorbent surface [46]. The negative 

value of ΔH° shows exothermic nature of 

the adsorption process [39]. Typically, 

physisorption which mainly driven by the 

van der Waals interaction forces, is usually 

lower than 20 kJ mol-1, and electrostatic 

interaction forces range from 20 to 80 kJ 

mol-1 and these kind of interaction forces 

are, frequently, classified as physisorption; 

and chemisorption bond strengths can be 

80–450 kJ mol-1 [39, 47]. According to the 

obtained value for ΔH° (-28.62kj mol-1), 

can be concluded that the adsorption 

process of diazinon onto ASMNPs is based 

on the electrostatic interactions. 

 

Table 4. The thermodynamic information 

of diazinon adsorption onto ASMNPs 
Solution 

tempera

ture (K) 

K 

(mL 

g-1) 

ΔG° 

(kJ 

mol-1) 

ΔH° 

(kJ 

mol-1) 

ΔS° (J 

(K 

mol)-1) 

288 13.13 -0.32   

298 6.49 -0.39 
-

28.62 
-94.73 

308 4.64 -0.45   

318 4.25 -0.54   

 

Finally, in order to investigate the 

applicability of the proposed method for 

removal of diazinon in water samples, 

adsorption tests were performed on the tap, 

mineral and well water samples spiked with 

diazinon (5 mg L-1). The obtained results 

are presented in Table 5. A low amount of 

ASMNPs (2.5 mg) could remove diazinon 

from aqueous solution at relatively short 

contact time (30 min) with the acceptable 

percentage. These findings demonstrate the 

feasibility of amino modify magnetite 

nanoparticles (ASMNPs) to removal of 

diazinon from real contaminated water 

samples. However, mineral waters consists 

various ions such as sulphate, chloride, 

-1
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carbonate, bicarbonate and nitrate that they 

can reduce the diazinon adsorption on the 

ASMNPs. In fact, active sites of ASMNPs 

can be blocked by these ions, which may 

deactivate for desire pesticide [8]. 

 

Table 5. The removal of diazinon by 

ASMNPs from spiked water samples 

 

3.2.8 Adsorption Mechanism of Diazinon 

on the ASMNPs 

   Diazinon shows different behavior from 

two sides, thiophosphate side (dia-OOS) 

and aromatic side (dia-Ar) when is adsorbed 

on the ASMNPs [48]. In fact, diazinon was 

adsorbed on amino-silane modified 

magnetic nanoparticles by strong bound to 

adsorbent and its mobility was reduced 

greatly [49]. ASMNPs did not release 

diazinon after stirring with fresh and clearly 

demonstrates that the phenomenon is a 

chemical adsorption. In order to elucidate 

the role of NH2 of ASMNPs groups in 

adsorption of diazinon, Fe3O4, 

Fe3O4@SiO2, Fe3O4@SiO2-NH2, 

carboxylated multiwall carbon nanotubes, 

and hydroxylated multiwall carbon 

nanotubes were used to investigate their 

ability in adsorption of it. 50, 24, 84, 14, and 

20 were percentage of diazinon adsorption 

in optimized condition (pH=2) and the best 

adsorption process was performed using 

ASMNPs. In the other hand, it is well 

known that diazinon is quite stable in basic 

media. Therefore, it can have strong bound 

with ASMNPs via amin group on their 

surface. FT-IR of ASMNPs, after 

adsorption, was shown the selected bond 

relating to diazinon. The bond 

corresponding to P=S stretching vibration 

of diazinon was observed at 651 cm-1 [50]. 

977 cm-1 overlapped with ASMNPs and did 

not disclose further information. 

Appearance of new band 1561 and 1467 cm-

1is relate to diazinon [50]. A proposed 

mechanism for adsorption of diazinon on 

ASMNPS is illustrated in Scheme 2. 

 

 
 

Figure 12. FT-IR of ASMNPs after 

adsorption of diazinon. 

 

4. CONCLUSION 

   The prepared amino modified magnetic 

nanoparticles was used an absorbent in 

removal diazinon from water. Adsorption 

was determined by batch method, which is 

simple and easy to perform by UV-Vis 

spectrophotometry at 236 nm. At the 

present of 2.5mg of ASMNPs, 84% of 

diazinon was removed after relatively short 

contact time (30min) in 5mg/l of initial 

 
 

Scheme 2. Proposed mechanism for 

adsorption of diazinon on the ASMNPs 

 

diazinon concentration. The effect of NaCl 

and ammonia were considered as important 

water impurities, in the range of those 

commonly found in polluted water were 

investigated. In the presence of NaCl and 

ammonia, the adsorption of diazinon was 

improved. The kinetic consideration of 

Water sample C0 (mg L-1) Ce (mg L-1) %R 

Tap water 5 1.45 71.61 

Mineral water 5 0.83 82.27 
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diazinon adsorption is well described by 

Pseudo-second-order kinetic model and 

equilibrium adsorption data was fitted with 

Freundlich isotherm. It should be noted that 

all the thermodynamic parameters such as 

ΔG° and ΔH° were determined and negative 

values of them were shown a spontaneous 

and exothermic adsorption process. In order 

to verify the applicability of the proposed 

method the same removal procedure were 

performed on the tap, mineral, and well 

water samples spiked with diazinon. 
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