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ABSTRACT 
 
An ordered mesoporous hybrid xerogel has been 

prepared using a sol-gel route involving the                       
co-condensation of 4,4’-bis(triethoxysilyl)biphenyl and   
1,2-bis(triethoxysilyl)ethane. Chemical treatment was 
performed under basic conditions, using 
cetyltrimethylammonium bromide as a structure-directing 
agent. The obtained mesoporous organosilica materials 
were subsequently characterized. FTIR spectra confirmed 
that the biphenyl moiety is covalently linked in the     
ethane-silica framework. The interplanar spacing was 
observed between 8 to 9 nm, surface area from 1196.99 to 
1578.57 m2/g, total volume from 1.2 to 0.75 cm3/g and 
primary pore diameter from 3.54 to 3.56 nm. Particle 
morphology of the biphenyl-functionalized organosilica 
produced rod-shaped, wormlike and spherical particles. The 
TEM images revealed hexagonal array of mesopores and 
lattice fringes along and perpendicular to the pore axis.  
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1 INTRODUCTION 
 
Many new developments in the field of hybrid materials 

have been reported [1-3]. The synthesis to generate ordered 
hexagonal mesoporous structure is made of inorganic silica 
incorporating organic moieties in the framework [4]. The 
functionalization represents a useful tool to fine-tune hybrid 
materials for specific physical, chemical and surface 
properties, as well as better thermal and hydrothermal 
stabilities for a wider range of applications in catalysis, 
adsorption, separation, sensing technology and 

nanoelectronics [5-6]. It has been shown that the properties 
and structure of mesoporous materials can be varied based 
on the synthesis process and conditions, such as base 
concentrations, temperatures, and the nature of the organic 
moiety to be incorporated [7-10].  

In this paper, we report the synthesis of novel periodic 
mesoporous biphenyl-functionalized ethane-silica. The 
preparation involves 4,4’-bis(triethoxysilyl)biphenyl and 
1,2-bis(triethoxysilyl)ethane co-condensation. Investigation 
was extended on the influence of the surfactant ratio and 
heat treatment on the properties of the bifucntional hydrid 
material. 

 
 

2 METHODS 
 
The 4,4’-bis(triethoxysilyl) biphenyl organosilane 

precursor was synthesized based on the general procedure 
described by Shea et al. For the surfactant-templated 
polymerization of organosilica, the procees was done by 
employing 1:1:8 mole ratio of the organosilica precursor 
monomer, bis(triethoxysilyl)ethane and tetraethoxysilane 
(TEOS) respectively. The mixture under basic media 
(62.0{H2O}:0.64{CTAB}: 0.25{NaOH} ratio) was stirred 
for twenty-four hours and placed in an oven at 95 –100 o C 
for three hours. The products were then filtered, washed 
and dried. Removal of excess surfactant from the product 
was done by reflux, and the white xerogel again filtered 
out, washed with ethanol to neutral pH and dried in a 
vacuum oven. The surfactant ratio and heat treatment were 
subsequently varied to investigate the effect on the 
properties of the obtained organosilica materials. All the 
resulting products were characterized using Fourier 
Transform Infrared Spectroscopy (FTIR), Powder X-ray 
Diffraction (XRD), Transmission Electron Microscopy 
(TEM), and Scanning Electron Microscopy (SEM).  
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3 RESULTS AND DISCUSSIONS 
 
The success of polymerization and incorporation of 

biphenyl moiety in the organosilica framework was 
analyzed using Fourier Transform Infrared Spectroscopy 
(FTIR). Table 1 summarizes the functional groups present 
in the obtained mesoporous hybrid material.  

 
 
Table 1: FTIR peak assignment 

         Functionality                      Wavenumber (cm-1) 
C – H stretch Phenyl 2930 
 Aliphatic 2895 
C=C vibration Phenyl 1633 
C–H bend Aliphatic 1409 
Si–O–Si Asymmetric 1081 
C–H Aromatic 964 
Si–O–Si Symmetric 974 

 
 
The intense absorption bands at 1081 and 794 cm-1 are 

characteristics for the asymmetric and symmetric stretching 
respectively of the Si–O–Si bonds. The C–H deformation 
vibrations at 2895 and   1409 cm-1 were observed due to the 
aliphatic part of the bridging silsesquioxanes incorporated 
into the structure. The peaks at 2930, 1633 which is 
assigned to the C=C vibration of the aromatic structure, and 
964 cm-1 were indicative of the biphenyl moiety. This 
confirms that the synthesized biphenyl-bridged 
organosilane monomer was covalently linked in the 
channels of the hybrid organosilica material.  

Formation of enhanced rope- and rod-based 
morphologies, as well as observation of larger particles 
with gyroid and granular characteristics was observed  
under  SEM  when  surfactant  was varied. With longer heat   

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: SEM (A) and TEM (B) images of the organosilica 
 

treatment, spherical particles morphology were greatly 
observed.  

Transmission electron microscopy images reveal many 
lattice fringes with hexagonal array of mesopores. The 
surface structure of the organosilica material may result 
from alternating hydrophilic and hydrophobic layers, 
composed of silica-biphenyl-silica-ethane functionality 
respectively.  This material is formed as a result of structure 
directing interactions between the biphenyl-bridged 
organosilane monomer to the other silsesquioxane 
molecules, and between the precursor molecules and 
surfactant. The hexagonal structure was confirmed by XRD 
analysis and the pattern showed a two-dimensional p6mm 
space group with interpalnar spacing ranges from 8 to 9 nm. 

Samples of solvent-extracted mesoporous organosilica 
under varying surfactant ratio and heat treatment were 
tested for N2 adsorption/desorption isotherms as shown in 
Figure 2.  Analyses showed that the materials exhibit type 
IV isotherms. This is typical for the well ordered 
mesoporous material with narrow pore size distribution. All 
the formulations exhibit an H1 hysteresis loop at the range 
of 0.55-0.80 relative pressure (P/Po).  

 
 
 
 
 
 
 
 
 
 

 

 

 

 

Figure 2: N2 adsorption /desorption isotherm of the   
solvent-extracted mesoporous organosilica:    surfactant 
ratio (0.32), heat treatment (3 hrs);     surfactant ratio (0.64), 
heat treatment (3 hrs);     surfactant ratio (0.64), heat 
treatment (9 hrs) 

 
 

Table 2: Effect of surfactant ratio and heat treatment on the 
structure of organosilica derived from N2 isotherms 

Surfactant 
ratio 

Heat 
treatment 

(hrs) 

Surface 
area 

(m2/g) 

Pore 
volume 
(cm3 /g) 

Pore 
diameter 

(nm) 
     0.32  3 1196.99 0.750 3.56 

     0.64  3 1578.57 1.205 3.55 

     0.64  9 1423.07 1.049 3.54 

B

A

0

200

400

600

800

1000

0 0.2 0.4 0.6 0.8 1

Relative pressure  P/Po

Vo
lu

m
e 

ad
so

rb
ed

 (c
m

 3 /
g 

S
TP

)

753NSTI-Nanotech 2008, www.nsti.org, ISBN 978-1-4200-8503-7 Vol. 1



The specific surface area ranges from 1196.99 to 
1578.57 m2/g, and the total pore volume from 1.2 to 0.75 
cm3/g. Using the BJH desorption method, the primary pore 
diameter from ranges from 3.54 to 3.56 nm. This indicates 
that no greater effect on the increasing surfactant 
concentration and heat treatment in terms of pore diameter. 

 

 
4 CONCLUSION 

 
 
Biphenyl-containing mesoporous hybrid organosilica 

materials have been synthesized and characterized. The 
organic group was covalently bonded in the framework and 
formed a two-dimensional hexagonal crystal structure.  

 
 
 

5   REFERENCES 
 

[1]   B. Hatton, K. Landskron, W. Whitnall, D. Perovic, 
& G Ozin.  Accounts of Chemical Research 
38:305.2005. 

[2]  K. Yamamoto, Y. Sakata, Y. Nohara, Y. 
Takahashi, & T. Tasumi. Science 300:470.2003. 

[3] M. Davis. “Ordered Porous Materials for 
Emerging Applications.”  Nature 417: 813-821. 
2000. 

[4]  T. Asefa, M. Machlachlan, N. Coombs, & G. Ozin 
“Periodic Mesoporous Organosilica with Organic 
Group Inside the Channel Walls.”  Nature 
402:867-871. 1999. 

[5]   C. Baleizao, B. Gigante, D. Das, M. Alvaro, H. 
Garcia & C. Corma. “Synthesis and Catalytic 
Activity of a Chiral Periodic Mesoporous 
Organosilica. “Chemical Communications 
15:1860-1861. 2003. 

[6]  M. Burleigh, M. Markowitz, S. Jayasundera,         
S. Spector, C. Thomas, & B. Gaber.  Journal of 
Physical Chemistry B 107:12628. 2003. 

[7]   A. Dolye,  B. Hodnett, Micropor. Mesopor. Mater. 
58  255. 2003. 

[8]  T. Asefa, M. Kruk, M. Machlachlan, N. Coombs, 
H. Grondey, M. Jaroniec, & G.  Ozin. “Novel 
Bifunctional Periodic Mesoporous Organosilica: 
Synthesis, Charcaterization, Properties and In-situ 
Selective Hydrocarbon-alcolysis Reactions of 
Functional Groups.” Journal of American 
Chemical Society  123: 8520-8530. 2001. 

[9]  G. Temtsin, T. Asefa, S. Bittner, & G. Ozin. 
“Aromatic PMOs: Tolyl, xylyl and 
Dimethoxyphenyl Groups Integrated within the 
Channel Walls of Hexagonal Mesoporous Silica.” 
Journal of Materials Chemistry 11:3202-3206. 
2001. 

 

[10]   S. Inagaki, S.Guan, T Ohsuna &  O. Terasaki. “An 
Ordered Mesoporous Organosilica Hybrid 
Material with a Crystal-like Wall Structure.” 
Nature 416:304-307. 2002. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

754 NSTI-Nanotech 2008, www.nsti.org, ISBN 978-1-4200-8503-7 Vol. 1


