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ABSTRACT

O4) nanoparticles/Ag-NaY 

zeolite was synthesized by hydrothermal method (HM). Then, Ag-NaY zeolite was prepared from NaY zeolite by 
ion-exchange method (IEM). In the next step, Fe O4 nanoparticles (NPs) were incorporation and deposited on the 
Ag-NaY zeolite structure by using precipitation method (PM). The synthesized samples were characterized by SEM, 
EDAX and XRD techniques. The GC-FID and IR analysis results demonstrated that about 99% of methamidophos 

acetonitrile and methanol solvents were lower. It seems that a nonpolar solvent transfer to the reactive surface site 
on the composite without occupying and blocking of these sites.
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O, S-dimethyl phosphoramidithioate or methamidophos 
with molecular formula C2H NO2PS is an organophos-
phorus insecticide (Figure 1), poses inevitable threat to 
persons who make contact, thereby causing health haz-

ards. Its mode of action in insects and mammals is by 
decreasing the activity of an enzyme important for ner-
vous system function called acetylcholinesterase. This 
enzyme is essential in the normal transmission of nerve 
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impulses. Methamidophos is a potent acetylcholines-
terase inhibitor [1, 2]. Recently, there has been grow-
ing interest in the development of novel methods and 

of organophosphorus pollutants (OPPs). Inorganic 

industry as adsorbents, sensors, catalyst, etc. Because 
of their unique morphological features and high sur-

adsorbents for decomposition or detection of variety 
of pollutants and harmful substances, including or-
ganophosphorous compounds [3]. On the other hand, 
zeolites are widely used in industry for water and 
waste water treatment, waste gas treatment, as cata-
lysts, as molecular sieve, in the production of laun-
dry detergents, nuclear processing medicine and in 
agriculture purposes for the preparation of advanced 
materials and recently to produce the nanocomposites 

-

to investigated the reactivity of the actual chemical 
-

line aluminosilicates containing pores and channels of 
molecular dimensions that are widely used in industry 

catalysts. A representative empirical formula of a zeo-
lite is: M2/n.Al2O3.ySiO2.wH2

a Group I or II ion, although other metal, non-metal 
and organic cations may also balance the negative 
charge created by the presence of Al in the structure 

(Figure 2). It has a 3-dimensional pore structure with 

and z planes similar to LTA, and is made of secondary 
building units 4, 6, and 6-6 [11, 12].

The methods for modifying zeolites are usually by 

its compounds had been important in human life due 

role in nature. Recently they have widely utilized in 

material for the incorporation of Fe3O4 as the guest 
due to its three dimensional channels which limits the 
particle size of Fe3O4 during the growth. Then, the de-

by 14.7 wt% magnetite (Fe3O4

faujasite molecular sieve zeolite (FMSZ) composite at 
room temperature.

2. EXPERIMENTAL 

All chemical are purchased from Merck and Alfa Ae-
sar German Fluka was used as received.

2.1. Preparation of NaY zeolite by hydrothermal 
method (HM)

10 mL of distilled water until being dissolved. 

-Figure 1: Structure of O, S-dimethyl phosphoramidithioate 

(methamidophos).

Figure 2: Structure of type-Y faujasite zeolite.
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-
lution of 22 g of sodium silicate was slowly added to 

-
ing dissolved (solution B). Solution A was slowly add-

min. The solution was transferred to a stainless steel 

2.2. Preparation of Ag-NaY zeolite by ion exchange 
method (IEM)
In a typical preparation procedure, 2 g of the synthe-

-

0.15 M silver nitrate (AgNO3 -
-

16 h. Finally, the clean and dry zeolite was calcined in 

2.3. Preparation of Fe3O4 nanoparticles/Ag-NaY ze-
olite composite by precipitation method (PM)
For the synthesis of Fe3O4 -

added to 40 mL of distilled water and slowly stirs for 
10 min until homogenate suspension was obtained. Af-
ter that a desired quantity of FeCl3 and FeCl2 solutions 
with molar ratio of 2:1 was added into the suspension 

stirred vigorously about 20 mL of 1 M NaOH solution 
was slowly added and vigorous stirring was continued 
for another 30 min. The synthesized product (Fe3O4

2.4. Reaction procedure of Fe3O4 nanoparticles/Ag-
NaY zeolite composite with methamidophos (com-
posite/methamidophos sample)
For the investigation of the reaction between Fe3O4

-
amidophos. the samples were prepared according to 
the following method: 5 mL of methanol, acetonitrile 

μL of methamido-
phos, 10 μL of octane as internal standard and 0.35 g
of Fe3O4

do a complete reaction between composite and or-
ganophosphorus compound, all samples were attached 
to a shaker and were shaken for 10 h under N2  atmo-
sphere and in room temperature. Then, by micropipette 

μL of solution and injected to GC 
instrument.

2.5. Characterization of samples
The morphology and particle size of the crystalline 
zeolites and composite were analyzed using SEM 
images. Semiquantitative analysis were carried out 

connected to LEO-1530VP XL30 Philips scan-
ning electron microscope. Prior to the measurement, 
the samples were coated with a thin layer of gold. 

-
corded at room temperature using a Philips X’Pert Pro 

α1 ra-

θ with a scanning 

-
actions. A Varian Star 3400CX series gas chromato-

thickness) was used to monitor the decontamination 
reactions. The GC conditions used were as follows: 

-1

13 min. 
The injector, MS quad and source temperatures 

-1. The IR spec-
trum was scanned using a Perkin-Elmer FTIR (Model 
2000) in the wavelength range of 450 to 4000 cm-1

with KBr pellets method.
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3. RESULT AND DISCUSSION

3.1. Scanning electron microscope (SEM) study
The morphology and crystallite size of the as-syn-
thesized samples were investigated by SEM images 
(Figure 1). Comparison between the morphologies 

morphology and crystalline size are retained with ion 

(Figure 3a and 3b). On the other hand, as it is indicat-
ed by image with high resolution, the Fe3O4 nanopar-

size for the Fe3O4 nanoparticles was less than 100 nm. 
Also, some particles aggregation has occurred due to 
synthesize of nanoparticles of Fe3O4 on the surface of 
zeolite.

3.2. Energy-dispersive x-ray spectrometer (EDAX) 
analysis
Figure 4 give the composition elements present in 
Fe3O4

-
-

dium (Na), aluminum (Al), silicon (Si) and silver (Ag) 

the other hand, in this spectrum, the appeared two 

to the binding energies of iron (Fe) which reveals the 

in the prepared sample, respectively.

3.3. X-Ray diffraction (XRD) patterns

3O4 nanoparticles/

(a)

(b)

(c)
Figure 3: The SEM images of the samples: (a) NaY, (b) Ag-

NaY, c) 14.7 wt% Fe3O4 nanoparticles/Ag-NaY.

Figure 4: The EDAX analysis of the 14.7 wt% Fe3O4

nanoparticles/Ag-NaY.



521

Sadeghi M et al                    Int. J. Bio-Inorg. Hybd. Nanomat., Vol. 2, No. 4 (2013), 517-524

-

crystallinity is observed, associated with the lower in-
tensity of the peaks at 2Theta=10-34. This effect could 
be related to a dealumination of its structure, possibly 

and Fe3O4

3O4 depos-

new diffraction peak. The peaks of Fe3O4 phase ap-
peared at 2θ

-
tively [13, 21]. These peaks are illustrated as the red 
points in Figure 5c. The structures of prepared Fe3O4

-
ment. The average particle size was calculated from 
line broadening of the peak at 2θ
Scherrer equation:

(1)

λ is the wavelength 

of X-ray source, β
θ is the angle of incidence for the select-

ed diffraction peak (Bragg diffraction angle). The av-
erage crystallite size of the Fe3O4 nanoparticles were 
calculated about 31 nm.

3.4. GC-FID analysis

between 14.7 wt% Fe3O4 -
lite composite and methamidophos was investigated 

-
ciency, the effects of different solvents and time inter-
vals have been investigated. The GC chromatograms, 
area under curve (AUC) data and results under dif-
ferent conditions are summarized in Figures 6 and 7 

organo-phosphorous insecticide, the integrated area 
under peak data of two samples, methamidophos and 
octane as the internal standard have been given for all 
solvents and times. Subsequently, the ratios of the in-
tegrated data (integrated AUC of methamidophos/in-

-
iments were performed at different time intervals from 

then a slight increasing trend was observed. These re-
-

d
cos

Figure 5: The XRD patterns of the samples, (a) Na-Y, (b) Ag-NaY, c) Fe3O4 nanoparticles/Ag-NaY.
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lower for acetonitrile and methanol as the solvents. 
Notwithstanding the transition state must be involved 
in the polar reaction, polar solvent hinders the reac-
tion's progress.

It could be construed from GC analysis that polar 
solvent can compete with the reaction sites presented 
on the surface of the composite including Bronsted 

)

sites. In particular, the blocking of Lewis acid sites 
would hinder the coordination of methamidophos. 
Since methanol is considered as such a strong hin-
drance to the reaction, this points out to the fact that 
isopropanol simply blocks access to the surface of the 
catalyst.

3.5. FT-IR spectrum
The FT-IR spectrum of the 14.7 wt% Fe3O4 nanopar-

Figure 6: The GC chromatograms for methamidophos-Fe3O4 nanoparticles/Ag-NaY sample.

Solvent Sample
AUC/Octane

(1)
AUC/

methamidophos (2)
Ratio

(AUC 2/AUC 1) (%)

Methanol
a 356489 333567 100.00

b 356246 234605 70.34

Acetonitrile
a 397726 332461 100.00
b
a 410687 405992 100.00
b 000000 000000 00.00

Table 1: The GC analysis results in the presence of different solvents, (a) zero time (the blank solution) 
and (b) after 10 h.
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with methamidophos is shown in Figure 7. The peak 
at 463 cm-1 is corresponded to the structure insensitive 
internal TO4 (T= Si or Al) tetrahedral bending peak 

-1 is attributed to the 
-

lite. The peaks at 676 and 754 cm-1 -
ternal linkage symmetrical stretching and internal tet-

-1 and 1070 cm-1 are 
assigned to internal tetrahedral asymmetrical stretch-

-
-1 are 

-1 regions are 
corresponded to the synthesized Fe3O4 nanoparticles. 
On the other hand, the adsorption of methamidophos 
on the 14.7 wt% Fe3O4

was investigated by IR spectrum. The new peaks at 
-1 are seen. These ob-

served IR data lead to an understanding of the ad-
sorption reaction of methamidophos on the surface of 

4. CONCLUSIONS

-
-

3O4 nanopar-

of methamidophos on this composite was investigat-
-
-

vent after 10 h.
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