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Hayder H. AL-Hmedawi , Suhad K. Abass , Mohammed T. Khathi 
 

ABSTRACT: The heterogeneous composite particles MPTESH-Ag , MPTESH-Ag-OH and  MPTESH-Hg-OH has been prepared in the 
presence of mercaptopropyltriethoxysilane (MPTES) and metals ion Ag+ and Hg2+ in  neutral and basic medium. The prepared 
complexes are not dissolved of any common solvents, this conform heterogeneous nature of these compounds. The complexes are 
characterized by different techniques, X-ray diffraction technique showed that the  MPTES-Ag has amorphous face, while the MPTES-
Ag-OH and  MPTES-Hg-OH have crystalline face .The atomic force microscope (AFM) technique was proved that the prepared 
compound have spherical nano particles. The N2-adsorption-desorption technique showed the BET surface area, total pore volume 
and pore diameter of these complexes . 
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1. INTRODUCTION 
 
   The synthesis of hybrid organic/inorganic 

mesoporous materials is a field of expanding interest, 

due to the potential applications of these materials in a 

variety of processes, covering catalysis, adsorption and 

nanotechnology[1]. In recent years, many preparation 

routes [2–5], by which metal nanoparticles are 

immobilized onto the various inorganic supports, have 

been developed by many scientists to expand the 

application area and to control the morphology and 

the behavior of nano-materials. These composite 

materials have greatly potential application in various 

fields such as surface enhanced Raman scattering 

(SERS) [6], photonic crystals [7], catalysis [8], and 

biochemistry for chemical sensors [9] and antibacterial 

materials [10], etc. Especially, silver-supported silica 

materials, such as silica glass [11] and silica thin films 

[12], are expected to be good candidates for 

antibacterial materials due to their good chemical 

durability and high antibacterial activity. Jong-Min Lee 

et.al have been prepared  Silica/silver heterogeneous 

composite 

particles with hollow structure by novel strategy 

including water-in-oil (W/O) emulsion and polyol 

process.

via 3-mercaptopropyltrimethoxysilane (MPTMS)-

functionalized hollowsilica particles with tetraethyl 

orthosilicate (TEOS) and MPTMS successively into 

W/O emulsion. These hollow particles were coated 

with silver nanoparticles through polyol process[13].  

Thiol-functionalized silicas applied to the removal of 
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Hg(II) from aqueous solutions were first prepared as 

amorphous porous adsorbents [14–17]. The effect of 

pH on the adsorption of Hg(II) species by thiol-

functionalized mesoporous silicas have been prapared 

with respect to the accessibility to the active centers 

and to the selectivity of the binding process in the 

presence of other metal ions interferences[18]. In the 

present work ,we prepared hybrid organic/inorganic 

mesoporous materials derived from 3-

(mercaptopropyl)triethoxysilane and silver ,mercury 

ions in neutral and basic medium. 
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2.EXPERIMENTAL  

2.1 Chemicals  

3(mercaptopropyl)triethoxysilane(MPTES)(Sigma–

Aldrich,95%),Ethanol(absolute), (BDH,>99%), 

potassium hydroxide (Fluka, 99%),silver nitrate(Fluka, 

99%), mercury chloride(HgCl2),  were each used 

without further purification. 

 
2.2 Characterization 

Powder X-ray diffraction of the complexes were 

collected from (stoe,stidy-mp)University of kashan-

Iran, nitrogen adsorption porosimetry 

(nova2000,quantachrome) at University of Tehran 

Iran,the samples were out gassed for about 12 h at 105 

ºC under vacuum at 10-3 mm Hg in the degassing port 

of the adsorption analyzer, the specific surface area of 

the prepared complex were calculated using the BET 

model. Infrared spectra were obtained by KBr disc 
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over the wavenumber range of 4000–400 cm-1 using 

(FTIR–8400S Shimadzu). The three dimensional (AFM) 

images for the prepared complexes was obtained using 

CSPM-AA3000. 

2.3.Synthesis 
       10 mmole of 3-Mercaptopropyltriethoxysilane 

(MPTES) was  mixed with 10 mL of ethanol  absolute 

and 10 mmol of appropriate  salt (AgNO3 or HgCl2 ) 

was dissolved in 10 mL of water(silver complexes 

prepared  in neural medium and basic medium). 

MPTES solution and metal salt solution were mixed 

and refluxed for 30 minutes. The final product was 

filtered and washed with cold methanol several times 

and lastly dried at 45 ºC for 5 hours, the complexes 

have been labeled are MPTES-Ag, MPTES-Ag-OH and 

MPTES-Hg-OH respectively . The complexes was non 

soluble in any solvents. Physical properties of the 

complex is shown in Table(2-1). 

3.RESULTS AND DISCUSSION 

  Table (1): Shows the physical data for the new 

complexes. The new complexes have higher melting 

points and cannot dissolve in any common solvents. 

These results indicate that complexes as a dimers 

contain the siloxane (Si–O–Si) and silanol (Si–OH) 

groups . 

Table (3-1): Physical data for prepared complexes. 

 

 

Complex m.p° solvent Nitrogen adsorption Average 
particle 
size(nm) 

Ethano

l 

methan

ol 

DMF DMSO Acetone BET 

surface 

area 

(m2 g−1) 

Total 

pore 

volume 

(cm3 g−1) 

Pore 

diamete

r 

(A° ) 

 

MPTES-Ag ˃300 

°C 

- - - - - 5.813 0.008 24.69 84.11 

MPTES-Ag-OH ˃ 300 

°C 

- - - - - 23.898 0.041 16.88 86.83 

MPTES-Hg-OH ˃ 300 

°C 

- - - - - 51.129 0.095 19.28 97.91 
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3.2. X-ray diffraction 

   Figures 1-3 shows x-ray diffraction  for prepared 

complexes, figure 1. shows the X-ray diffraction of the 

complex  MPTES-Ag . The X-ray diffraction pattern of 

MPTES-Ag Fig.1, indicated the absence of any ordered 

crystalline structure., i.e. a broad peak centered at 2ϴ 

angle of around 25◦ which confirmed the amorphous 

nature of the sample. The X-ray diffraction pattern of 

MPTES-Ag-OH Fig.2  indicated ordered crystalline 

structures of this complex. Major peaks in this figure at 

°2θ = 22.195, 27.460, 27.785 ,  34.365 ,  37.870 ,  39.365 ,  

48.255,  49.070 ,  51.810 ,  54.810 ,84.775. Figure(3) 

shows X-ray diffraction pattern of MPTES-Hg-OH 

.Major peaks in this figure at °2θ = 33.090, 

47.420,59.130,  69.460,79.070, 88.380, these peaks 

indicated ordered crystalline structures of this 

complex. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(1).X-ray spectrum of MPTES-Ag 

Figure(3).X-ray spectrum of MPTES- Hg-OH 

Figure(2).X-ray spectrum of MPTES-Ag-OH IJSER
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   3.2 IR spectra      

    The FT-IR spectrum of the complexes (Fig.5-7 ) 

showed the bands around 1110 and 670 cm-1, which 

assigned to siloxane (Si–O–Si) vibration modes [19]. 

The band at 1650 cm-1 could be due to physically/ 

chemically absorbed water on the surface and the band 

around 3415 cm-1 can be due to the silanol (–OH) 

group on the silicon atom [20]. From observation 

spectrum of MPTES Fig. ( 4 )  , the bands which 

explained of complexes MPTES-Ag , MPTES-AgOH  

and  MPTES-Hg-OH it not found in the  MPTES. 

         The  broad bands around 1400 cm−1 were 

assigned to the C–H bending vibrations of the CH2 in 

complexes ,while these bands appeared in MPTES as a 

two peak at 1444 cm−1 and 1390 cm−1 were assigned to 

the C–H bending symmetrical and asymmetrical 

vibrations of the CH2 [21] . A band around 450cm−1 can 

be assigned to the S–M bond . These results clearly 

indicate that MPTES successful complications with Ag+ 

and Hg+2.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (4).FTIR spectrum of MPTES 

Figure(6).FTIR spectrum of MPTES- Ag-OH 

Figure(5).FTIR spectrum of MPTES–Ag 

Figure(7).FTIR spectrum of MPTES Hg-OH 
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3.3. The nitrogen adsorption analysis   

      The BET analysis showed that the specific surface 

area of MPTES-Ag was 5.992 m2g-1.          The nitrogen 

adsorption isotherm (Fig.8) obtained for MPTES-Ag 

gave a hysteresis loop observed in the range of 0.02 < 

P/Pο < 1.0; this is associated with capillary 

condensation according to IUPAC classification. The 

isotherm shown is of type IV and exhibited an H4 

hysteresis loop [129]. MPTES-Ag have a very sharp 

distribution at a radius of around 5 nm, indicates the 

presence of uniform sized pores [146]. 

 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

          

The specific surface area of MPTES-Ag-OH was found 

to be 23.89 m2g-1 (Table 1). The nitrogen adsorption 

isotherm obtained for MPTES-Ag-OH (Fig. 9) gave a 

hysteresis loop observed in the range of 0.02 < P/Pο < 

1.0; this is associated with capillary condensation 

according to IUPAC classification. The isotherm 

shown is of type IV and exhibited an H3 hysteresis 

loop [22]. MPTES-Ag-OH had a broad distribution at a 

radius of around 5 nm which fall in the mesoporous 

range [23]. 

      The specific surface area of MPTES-Hg-OH was 

found to be 51.12m2g-1 (Table 1). The nitrogen 

adsorption isotherm obtained for MPTES-Hg-OH (Fig. 

10) gave a hysteresis loop observed in the range of 0.02 

< P/Pο < 1.0; this is associated with capillary 

condensation according to IUPAC classification. The 

isotherm shown is of type IV and exhibited an H3 

hysteresis loop [22]. MPTES-Ag-OH had a broad 

distribution at a radius of around 9 nm which fall in 

the mesoporous range [23]. 

 

Fig.8: The nitrogen adsorption–desorption isotherms of MPTES-Ag. The 
inset shows the corresponding pore size distribution. IJSER
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3.4.Atomic force microscopy (AFM) 

       The atomic force microscopy (AFM) images and 

granularity normal distribution of the MPTES-Ag are 

shown in Fig. 11 and Fig. 12. The grain structure of 

MPTES-Ag look like spherical with high roughness of 

the surface. The structures and size distribution is 

shown in the images, the particles size in diameter was 

to be 84.11 nm. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11: Three-dimensional AFM images for MPTES-Ag. 

Fig.10: The nitrogen adsorption–desorption isotherms of MPTES-Hg-OH. 
The inset shows the corresponding pore size distribution. 
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The atomic force microscopy (AFM) images of the 

MPTES-Ag-OH are shown in Fig. 13. From these 

images the MPTES-Ag-OH has an average particle size 

of 86.83 nm as shown in the granularity normal 

distribution chart (Fig.14). The structures and size 

distribution is shown in the images, the sticks between 

particles was also shown. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Fig.12: Granularity normal distribution chart of MPTES-Ag 

Fig. 13: Three-dimensional AFM images for MPTES-Ag-OH. 
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   The dense packing of the MPTES-Hg-OH particles 

was illustrated by AFM. In the Fig. 15, the AFM of the 

material showed MPTES-Hg-OH particles were 

packed tightly three dimensionally. The morphology 

of the catalyst shows two types of the surface, large 

and small end. From these images (Fig. 15 and Fig. 16), 

the MPTES-Hg-OH has an average particle size of 

large end is 97.91 nm as shown by granularity normal 

distribution chart

. 

 
 
 
 

 

 

 

 

 

 

 Fig. 15: Three-dimensional AFM images for MPTES-Hg-OH. 

Fig.14: Granularity normal distribution chart of MPTES-Ag-OH 
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4. CONCLUSIONS 

      According to results obtained from physical 

techniques above and the not solubility of these 

prepared compounds can be conclude that these 

complexes as a dimers as a hybrid organic-inorganic 

materials as suggested fellow

:  

MPTES-Ag

Cl Ag S Si

O

O Si
SH HOH OH

Ag Cl

 

MPTES-Ag-OH

Cl Ag Ag ClS Si

O

O Si
S

OH OH

 

MPTES-Hg-OH

S Si

O

O Si
SCl Hg Hg Cl

OH OH
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