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Abstract- MoO3/ZrO2 catalyst was prepared by co-

precipitation method. It was calcined at 400 C̊ with air 

atmosphere. Then, MoO3/ZrO2 incorporated with 3-amino 

propyl trimethoxy siliane (APTMS) oxide to get APTMS-

MoO3/ZrO2. Further, Trisodium Citrate capped siver nano 

particle (AgNP) solution was mixed with APTMS-MoO3/ZrO2 

to form AgNPs/APTMS-MoO3/ZrO2 nano composite. It was 

characterized by UV-Visible, FT-IR, XRD and SEM. The 

synthesised AgNPs/APTMS-MoO3/ZrO2 nanocomposite was 

applied for photocatalytic application of Methyl parathion 

(MP) pesticide.  

 

Keywords:AgNPs/APTMS-MoO3/ZrO2, photocatalytic,   Methyl 

parathion   

 

I. INTRODUCTION 

 

Pesticides are mainly applied in agricultural to control 
insects, weeds, moths, pathogen and microbes, etc.  

Overutilization of pesticides results the problems like lack 

of nitrogen fixation and increased toxicity level in food. 

Mainly, pesticides are affecting the drinking water and 

creating serious health problems to human and animals. The 

problems are mainly due to the chemical properties of 

organochlorine chemicals (organo phosphorous and 

carbamate). These pesticides contain nitrogen, phosphorous, 

sulfur, chlorine and heterocyclic nitrogen atoms. Therefore, 

they should be changed from toxic chemical to non-toxic 

chemicals by mineralization method. Recent, literature 

report confirmed the degradation path way of pesticides 
such as atrazine [1], pyridaben [2], methyl parathion [3], 

methamidophos [4], triazophos [5] and dicofol [6].  

Zirconium oxide is exhibited as attractive metal oxide 

among the TiO2, ZnO, CdO, PbO and Ag2O [7]. ZrO2 

exhibited as various physical and chemical properties such 

as thermal conductivity, thermal expansion, oxygen ion 

conductivity, toughness, resistance, cutting tools, refractory 

materials and finally catalytic behaviors as acid catalysts [8-

10]. So that, it is applied in sensors, fuel cells, ceramics and 

optical device [11-14]. Research works were reported using 

ZrO2 with MoO3, WO3 and CuO by wet chemical, sol-gel 

and co-precipitation method to enhance the catalytic 

activity, chemical and physical properties [15, 16].  

  MoO3 is utilized in gas sensor and catalyst [17, 18]. 

But, it has poor ionic and electronic conductivity [19]. To 

improve the conductivity of MoO3, it is coated along with 

carbon nanotubes [20], graphene [21], conducting polymer 

[22] and used in optical switching coatings, memory 

devices, chemical sensors, catalyst, photography, display 
materials, photochromic and electrochromic devices [23-

29]. MoO3 possesses three basic polymorphs (orthorhombic, 

monoclinic and hexagonal). Among them, orthorhombic 

MoO3 acts as better cathodic material for Li ion battery [30]. 

It is containing single layered structure and this layer is 

made up two sub-layers. MoO3 is also formed a two 

dimensional structure due to vanderwaals interaction with 

along [010] direction, which is useful to incorporate guest 

molecule intercalation in layers [31]. MoO3 is prepared in 

different shape such as nanowires, nanotubes, nanobelts and 

nanorods [32-37] with activities like electrochemical 
properties [38-41].  

  The preparation of MoO3/ZrO2 catalyst was done 

by co-precipitation method and it is calcinized at low 

temperature 400°C which can be exhibited as an acid 

catalyst. Further, this catalyst is functionlized with 3-amino 

propyl trimethoxy silane (APTMS) to form APTMS-

ZrO2/MoO3, then coated with silver nanoparticles (AgNPs) 

to get AgNPs/APTMS-MoO3/ZrO2 catalyst. This 

synthesized catalyst was applied to photocatalytic 

degradation of Methyl parathion (MP) under the visible light 

conditions.  

 
II. EXPERIMENTAL SECTION 

 

A. Materials - Silver nitrate (AgNO3, 99.8%), ZrOCl2·8H2O, 

(NH4)6Mo7O24·4H2O, EtOH and NaOH were purchased 

from Merck. Methyl Parathion (MP) pesticide and 

Trisodium Citrate (TSC) were obtained from Sigma Aldrich, 

India.  Milli-Q water with resistivity of 18.1 MΩ was used 

in this experiment. 
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B. Instrumentation - UV-Visible absorption spectra were 

recorded on a Shimadzu UV-visible spectrophotometer 

(UV-1800, Japan). The morphology of the sample was 

observed with Scanning Electron Microscopy (SEM) 

HITACHI Ltd (SU-6600). The X-ray Diffraction (XRD) 

pattern was taken with a Philips instrument (JSO Debye 
Flex 2002 Seifert) in the angular range 10o to 80o. Fourier 

Transform Infrared Spectroscopy (FT-IR) spectra were 

recorded using a Perkin-Elmer, USA (Model Y 40) in the 

range of 4000 - 400 cm-1.  

 

C. Synthesis of AgNPs. - Silver nanoparticles were prepared 

with 0.01 M of AgNO3 was dissolved in 100 ml MQ water 

boiled at 100 C̊ for 1hrs. Boiled solution of AgNO3 kept at 

room temperature with stirring. The drops wise solution of 

0.1 M of Trisodium Citrate (TSC) was added into boiled 

silver nitrate solution to change yellow color solution which 

indicates the AgNPs. 
 

D. Synthesis of MoO3/ZrO2 - Synthesis of MoO3/ZrO2 was 

done by using an equal molar of 0.01 M solution at 

zirconium chloride octahydrate (ZrOCl2·8H2O) and 

ammonium heptamolybdate (NH4)6Mo7O24·4H2O, which 

were dissolved in 50 ml distilled water with constant stirring 

at room temperature for 10 minutes. 0.5 g of sodium 

hydroxide was dissolved in 10 ml of Milli-Q water then 

added drop wise to the homogenous precursor solution of 

MoO3/ZrO2 to reach pH 10. The white precipitate obtained 

was washed with Milli-Q water and ethanol to leave the 
unwanted precursor solutions. Finally, the solid material 

was collected and calcined at 400 °C for 4 hr.  
 

E. Synthesis of AgNPs/APTMS-MoO3/ZrO2 nanocomposite - 

1.0 g of MoO3/ZrO2 was dispersed in 20 ml of ethanolic 

solution of APTMS (2.0 ml) and stirred for 2hr. Then 0.5 g 

of APTMS-MoO3/ZrO2 was mixed with synthesized 10 ml 

of TSC capped AgNPs solution and kept in 12 hrs. Finally, 

AgNPs/APTMS- MoO3/ZrO2 nanocomposite was washed 

with Milli-Q water at dried at room temperature. The 

resulting AgNPs was characterized and used as 

photocatalyst for the degradation methyl parathion. 

 

III. RESULT AND DISCUSSION 

 

A.  AgNPs/APTMS-MoO3/ZrO2 nanocomposite - Synthesis 

of AgNPs/APTMS-MoO3/ZrO2 nanocomposite was done by 

co-precipitation and wet chemical methods. In which 

MoO3/ZrO2 was prepared from ZrOCl2·8H2O, 

(NH4)6Mo7O24·4H2O as precursor followed by sodium 

hydroxide solution at pH 10 with stirring for 30 Min. The 

white precipitate was formed, centrifuged and dried at room 

temperature. This precipitate was calcined at 400 0C. 
Further, the calcined MoO3/ZrO2 was dispersed in ethanol 

solution of APTMS and kept for 12 hrs then dried at room 

temperature to get APTMS functionalized ZrO2/MoO3. 

Since, APTMS contains silane and amino groups, in which 

silane group coordinate with hydroxyl group of MoO3/ZrO2 

due to hydrogen bond formation. Finally, addition of AgNPs 

solution was taken place with APTMS-MoO3/ZrO2 to get 

AgNPs/APTMS-MoO3/ZrO2 nanocomposite as shown in 

Fig.1. In which AgNPs adsorbed on the amine group of 

APTMS due to Vander Waals interaction with mechanism 

described below. 

 
Fig1. Mechanism of AgNPs/APTMS-MoO3/ZrO2  nanocomposite 

 

B.  UV-Visible studies on AgNPs/APTMS-MoO3/ZrO2 

nanocomposite 

Figure 2 (A-C) shows, (A) MoO3/ZrO2, (B) TSC capped 

AgNPs and (C) AgNPs/APTMS-MoO3/ZrO2 

nanocomposite. MoO3/ZrO2 was observed by the two 

excitation wave length 275 nm and 355 nm, that was charge 

transfer transition in O2--Zn4+ and tetragonal polymorph of 

ZrO2 [42]. A broad peak at 657 nm was displayed because of 

large size and aggregated of MoO3 particles dispersed in 

ZrO2 due to surface Plasmon resonance (SPR) as shown in 

Fig. 2(A). Figure 2(B) shows the pure TSC capped AgNPs 

which was recorded at 442 nm [43]. AgNPs/APTMS-

MoO3/ZrO2 nanocomposite was showed as broad peak and 

slightly shifted at 455 nm [44, 45] that means AgNPs was 

strongly coated on APTMS-ZrO2/MoO3 as shown in 

Fig.2(C).  

 
Fig. 2(A-C) UV-visible spectra of (A) MoO3/ZrO2, (B) AgNPs and (C) 

AgNPs/APTMS-MoO3/ZrO2 nanocomposite 

 

C. FT-IR Characterization of AgNPs/APTMS-MoO3/ZrO2 

nanocomposite 

 

The FT-IR spectra of MoO3/ZrO2 and AgNPs/APTMS-

MoO3/ZrO2 were displayed as shown in Fig. 3(A&B). 

MoO3/ZrO2 was recorded different stretching vibration band 

at 1014 cm
-1

-1108 cm
-1

, 800 cm
-1

, 606 cm
-1

, 3328 cm
-1

, 
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1622 cm-1, 1358 cm-1 and 2325 cm-1 corresponding to  

Mo=O bond of terminal, Mo-O-Mo in the oxygen atom, 

Mo-O-Mo due to bending  vibration mode [46], due to the 

stretching vibration of vibration O-H groups, the bending 

vibration of O-H, H…O-H bending vibration and for O-H 

stretching, respectively as shown in Fig.3A, in which ZrO2 

nanoparticles shows the broad and sharp peaks were 

delivered at 3328 cm–1 and 1622 cm–1 due to stretching and 

bending vibration of water. The peak was mentioned at 1358 

cm–1 due to hydrogen peaks [47]. The band located at ~606 

cm–1 corresponds to Zr–O vibration of tetragonal. The bond 

mentions that ZrO2 powders are nanocrystals [48, 49] as 

shown in Fig.3A. The stretching vibration band at 2325 cm-1 

was assigned to CO2 with its peak intensity decreased due to 

calcinations at 400C. AgNPs/APTMS-MoO3/ZrO2 

nanocomposite was completely exhibited the reduced peak 

intensity values and it confirmed the AgNPs strong 

interaction with APTMS-MoO3/ZrO2 nanocomposite as 
shown in Fig.3B. 

 
Fig. 3(A & B) FT-IR spectra of (A) MoO3/ZrO2, (B) AgNPs/APTMS-

MoO3/ZrO2 nanocomposite 

 

D.  X-ray Diffraction of AgNPs/APTMS-MoO3/ZrO2 

nanocomposite 

The x-ray diffraction pattern of MoO3/ZrO2 and 

AgNPs/APTMS-MoO3/ZrO2 nanocomposite was displayed 

as shown in Fig.4 (A&B). MoO3/ZrO2 was showed the 
tetragonal and monoclinic phase at 400 oC, due to strong 

coated and strong interaction of MoO3 on the ZrO2 [50]. 

Figure 4(A) shows the calcinated ZrO2/MoO3, in which 

ZrO2 has small intensity peaks at 2𝜃 = 30.2 o, 34.5 o, 50.2 o 

and 60.2o corresponding to the (101), (110), (200) and (211) 

with (JCPDS No.70-1769). It observes that tetragonal phase 

ZrO2 [51]. Similarly, MoO3 peaks were recorded at 10.9o, 

12.6o, 25.3o, 28.1o, and 41.3o. This confirmed the 

orthorhombic phase of MoO3 and it was matched with the 

(JCPDS Card No.35-0609) as shown in Fig. 4(A). 
AgNPs/APTMs-MoO3/ZrO2 nanocomposite was exhibited 

with the developed the diffraction peak intensity as well as 

number diffraction peaks as shown in Fig.4 (B). This 

improvement is mainly due to AgNPs coated on APTMs-

MoO3/ZrO2 with its diffraction peaks were indicated as red 

circle as shown in Fig.4B. The average crystallite sizes of 

the ZrO2 nanocrystallites have been estimated by Scherer’s 

formula: 

D = Kλ/βcosθ 
where K = 0.9 is the shape factor, λ is the X-ray wavelength 

of Cu Kα radiation (0.1542 nm), θ is the Bragg angle and β 

is the full-width at half-maximum (FWHM) intensity peak 

(in units of radians). The average particles diameter of the 

AgNPs/APTMs MoO3/ZrO2 nanocomposite was calculated 

to be 5.12 nm for samples, respectively. 

 
Fig. 4(A & B) X-ray Diffraction spectra of (A) MoO3/ZrO2 and (B) 

AgNPs/APTMS-MoO3/ZrO2 nanocomposite,  

 
E. FESEM image of AgNPs/APTMS-MoO3/ZrO2 

nanocomposite 

AgNPs bound in calcined of APTMs-MoO3/ZrO2 

nanocomposite and it is confirmed by SEM image as shown 

in Fig.5 (A-C).   The crowd of AgNPs impregnated in 

MoO3/ZrO2 image was recorded AgNPs was clearly 

displayed on APTMS-MoO3/ZrO2 nanocomposite at 

different place focused with same magnification of SEM 

image as shown in Fig. 5(B). According to SEM image of 

AgNPs were absolutely recorded about size 10 nm as shown 

in Fig.5C. 
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Fig. 5(A & B) SEM images of AgNPs/APTMS-MoO3/ZrO2 nanocomposite 

at magnification (A) 3 M and (B) at different place 3 M. 

 

F.  Photo catalytic Application of Methyl Parathion 

Methyl parathion, which is mostly used as a pesticide in 

agriculture and excess amount of MP is being mixed with 

run off rain water and reached nearby water bodies, which 

causes ill effect to human beings and animals. This toxic 

effect is because of presence of NO2 group and phosphate 

group. The conversion of NO2 to NH2 in methyl parathion 

by using AgNPs/APTMS-MoO3/ZrO2 nanocomposite 

catalyst under the visible light irradiation at different time 0 
5 min, 10 min 15 min, 20 min, 25 min, 30 min, 35 min and 

40 min (yellow to colorless) reduces toxic effect of MP to 

decreases with AgNPs/APTMS-MoO3/ZrO2 nanocomposite 

delivered as better reduction catalyst as well as acid catalyst 

in NO2 to NH2. This reaction was confirmed by UV-visible 

spectroscopy with its absorption peaks was recorded at 455 

nm and 305 nm. Here, the peak at 455 nm was gradually 

decreased with 0 to 40 min as shown in Fig.6A. The rate 

constant of the reaction was calculated between plot of 

ln(Ct/C0) and time as shown in Fig.6B. The first order 

kinetic was explained as follow: 

ln Ct/C0 = −kKt = −kappt …………………….(1) 

where 

C0 is the initial concentration of MP [mg L-1], 

Ct is the instant concentration of the sample at time t  
[mg L-1], 

The above equation clearly expressed the first order 

kinetic with rate constant of AgNPs/APTMS-MoO3/ZrO2 

nanocomposite K = 9.0160 x 10-2 min-1 a shown Fig. 5B. 

The above said graph was confirmed that nanocatalyst of 

AgNPs interior in APTMS-MoO3/ZrO2 nanocomposite. 

 
Fig. 6(A & B) UV‐Vis spectra of Methyl parathion (A) and liquid with 

AgNPs/APTMS-MoO3/ZrO2 nanocomposites under visible light irradiation 

of (a-i) 0 min to 40 min. (B) Calibration plot. 

  

G. Mechanism of catalytic degradation in presence of 

sunlight irradiation 

 The valence band holes (h+VB) and conduction band 

electrons (e−CB) was formed by visible light. The materials 

absorption of visible light photo of energy was greater than 

or equal to its band gap (hν ≥ EBG). The holes were easily 

oxidation of organic compounds to form hydroxyl radicals. 

The electrons were easily reduction and oxidation with 

generation Superoxide radicals [52]. The above said 
mechanism was applied in organophosphate degradation and 
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The AgNPs was existing SPR under the visible light region. 

It can motivate the trapped electrons to transfer and 

acceptors. AgNPs is not efficient photocatalyst in visible 

light irradiation to carry out the photocatalytic reaction. 

Synergetic effect mechanism was displayed in this 

photocalytic mechanism as shown in Fig.7. MoO3/ZrO2 is 
separated valence band (VB) and conduction band (CB) 

under visible light. The excited state of MoO3/ZrO2 electron 

was transfer to conduction band of AgNPs and increased the 

SPR effect of AgNPs. Visible light excitation and SPR 

effect was induced the photocatalytic degradation of MP on 

AgNPs/APTMS-MoO3/ZrO2 nanocomposite as shown in 

Fig.7 
AgNPs/APTMS-MoO3/ZrO2 nanocomposite 

formed electrons and holes under   visible light irriadtion. 

The h+
VB was oxidized on H2O to generated (·OH) and 

delivered the O2- and H+ [49]. MoO3/ZrO2 conduction band 

of e− was trapped by AgNPs and form SPR effect of Age-. 
This was used to oxidize on MP and get degradation 

products such as Methoxy paraoxon (MPO), 4-Nitrophenol 

(4-NP), Hydroquinone (HQ), 2-hydroxy hydroquinone 

(HHQ), Aliphatic acid (AA), Formic acid (FA) and CO2 

[53-55]. Here, the major activity of AgNPs above said 

process is electron holding, SPR effect development, 

recombination of electron–hole pairs and development of 

charge transfer efficiency as shown in Fig.7. 

 
Fig.7 Degradation mechanism of MP in presence of AgNPs/APTMS-

MoO3/ZrO2 under visible light. 

 

IV. CONCLUSION 

 

In this study, the AgNPs/APTMS-MoO3/ZrO2 and 

MoO3/ZrO2 was synthesized by using co-precipitation 

method by precursor of ZrOCl2·8H2O presence of 

ammonium heptamolybdate under basic medium pH 10 at 

room temperature. The synthesize MoO3/ZrO2 was 
completely undergo calcination at 120oC and the resulting 

AgNPs/APTMS-MoO3/ZrO2 was collected. And 

characterization was done with various experimental 

techniques to study its shape, size and its optical properties. 

From FT-IR studies it is confirmed that carboxylate ions are 

strongly coordinated with AgNPs/APTMS-MoO3/ZrO2 and 

MoO3/ZrO2. The catalytic decomposition of Methyl 

parathion was investigated using AgNPs/APTMS-
MoO3/ZrO2 under Visible light irradiation. The decay of the 

MP follows the pseudo first order kinetics with a rate 

constant of 9.8 x 10-2 min-1. The decomposition rate is 

superior compared to other photocatalytic decomposition 

method. 
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