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Abstract: 

This review focuses the different routes for MCM-41 synthesis such as nano-sized mesoporous 

silicas with metal oxide incorporation, from Glycerol and Ethylenediamine, from different 

dioxosilicon sources, synthesis of pure siliceous MCM-41 with different pore diameter, synthesis 

highly ordered MCM-41 with mixed surfactants, and synthesis from rice husk ash. The emerging 

characteristic of synthesized MCM-41 by these different routes was also discussed such as 

surface morphology, surface area, pore diameter and crystal sizes of MCM-41 in this review.  

 

Keywords: Synthesis, MCM-41, Different routes. 

 

INTRODUCTION: 

Zeolite-based molecular sieves have a restricted pore diameter and the known mesoporous 

materials such as silica gel, activated carbon and pillard clay have irregularly spaced pore with 

broad pore size distribution. There has been increasing demand for crystalline mesoporous 

molecular sieves with pores of uniform diameter. The synthesis of the mesoporous molecular 

sieve MCM-41 with one-dimensional channels 16-100 Å in diameter which generates the 

potential for the applications of these materials in catalysis, separation, and sorption for very 

bulky molecules [1, 2]. 

In 1992, Mobil’s researchers synthesized Mobil Composition of Matter (MCM) which is the 

initial name given for a series of mesoporous materials. MCM-41 (Mobil Composition of Matter 

No. 41) and MCM-48 (Mobil Composition of Matter No. 48) are two of the most popular 

mesoporous molecular sieves that are enthusiastically studied by researchers. The most 

remarkable fact about the MCM-41 and MCM-48 is that, although composed of amorphous 

silica wall, they possess long range ordered framework with uniform mesopores. These materials 

possess large surface area about more than 1000 m
2
g

-1
. Furthermore, the pore diameter of these 

materials can be adequately controlled within mesoporous range between 1.5 to 20 nm by 

adjusting the synthesis conditions and/or by utilizing different chain lengths surfactants in their 

preparation [1-6]. MCM-41 has a hexagonal arrangement of pores and is synthesized with 

positively charged surfactants as templates [2,7,8]. Chao and his co-workers noticed that Al-

http://en.wikipedia.org/wiki/Mesoporous
http://en.wikipedia.org/wiki/Molecular_sieve
http://en.wikipedia.org/wiki/Amorphous_silica
http://en.wikipedia.org/wiki/Amorphous_silica
http://en.wikipedia.org/wiki/Amorphous_silica
http://en.wikipedia.org/wiki/Surfactant
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incorporated mesoporous silica nano-particles show higher catalytic activity toward the cumene-

cracking reaction than the typical mesoporous aluminosilicate [9]. Most important potential 

applications of MCM-41 are the separation of proteins, the selective adsorption of large 

molecules from effluents and the processing of tar sand and high distillates of crude oils to 

valuable low-boiling products [10-19]. According to Niankai Li et. al, MCM-41s incorporated 

with high contents of different kinds of heteroatom such as Fe-MCM-41and V-MCM-41, which 

can be used in direct oxidation of phenol and in the direct oxidation of benzene respectively 

under room temperature [20]. MCM-41 may be act as a good adsorbent for the removal of  basic 

dyes (Rhodamine B (RB), Crystal Violet (CV), and Methylene Green (MG)) and acid dyes (Acid 

Red 1 (AR1) and Erioglaucine (EG)) from water solution only if the dyes adsorption did not 

introduce a serious disorder on the pore structure of MCM-41 (such as RB adsorption) [21].  

MCM-41 has been investigated in many applications as heterogeneous catalysis, catalyst 

support, adsorbent [22-24]. Mesoporous silicates have been investigated broadly in recent years 

for use in sensor systems applications such as supports for chemical sensing probes, pre-

concentrators, molecular filters, and hard templates for the preparation of other sensing related 

materials [25]. A few application of mesoporous material is found for Friedel-Crafts acylation 

reaction [26-31]. Si-MCM-41 is rapidly increased in catalytic activity after impregnation of 

GaCl3 or InCl3 for benzene benzoylation reaction under solvent-less condition. Catalytic activity 

of InCl3 supported on mesoporous Si-MCM-41 shows high activity in the acylation of various 

bulky aromatic compounds e.g. naphthalene and substituted naphthalenes in the presence of 1,2-

dichloroethane solvent by acyl chlorides [32]. Mesoporous molecular sieves synthesized in non-

aqueous system are used to prepare thin films, fibers, spheres or monoliths through solvent (e.g. 

ethanol) evaporation and growth of fiber and thin films at interface which are highly ordered 

potential mesochannels and distinctive benefits in electronic devices [33-35]. A nano-hybrid of 

Au nanoparticles and mesoporous silica could be an interesting catalyst system for versatile 

applications, especially for molecules too large to fit in the pore of traditional zeolites [36].  

 

General methods using, various chemicals, Different types surfactants, silica. 

Sodium Hydroxide is mixed with distilled water. Add aluminum source at 80
0
C under stirring 

and get clear solution for more than 30 min. Cool this solution at 0
0
C in ice bath. Add 
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Tetraethyalammonium Hydroxide in mixture drop by drop with continually stirring up to 1 h. 

Prepare silica source solution with distilled water and mix with previous aluminum solution. Add 

surfactant into mixture solution. The final prepared solutions keeps in autoclave bomb and keep 

at crystallization temperature for some time. After this time, collect material from bomb and 

wash distilled water until pH will come to 7.0. Dry the finalized product at 110 
0
C for 24 h. 

A synthetic method of mesoporous system with composition flexibility and designed catalytic 

properties is much desired [9]. The development of such materials is of great importance in many 

areas of modern science and technology [37-40]. These materials are best appreciated in systems 

where molecular recognition is needed, e.g., shape-selective catalysis, selective adsorption and 

separation processes, chemical sensors, and nanotechnology [41]. MCM-41 is generated by 

removal of the encapsulated organic templates through calcination or extraction [42]. Quanchang 

Li et. al. discussed that the general method for preparing supported base metal oxides is 

impregnation, where a porous support is repeatedly dipped into a solution containing a desired 

catalytic agent. It is often desirable to apply the agent uniformly in a predetermined quantity to a 

preset depth of penetration, but penetration of the liquid solution into the porous support is 

hindered by air trapped in the pores. In addition, when calcination is employed, the exiting gas 

will remove the liquid at the exit of the pores, resulting in formation of some catalytic particles 

on the external surface of the porous material [43]. As a result, several groups [44-46] have 

reported many small particles that were formed on the external surface of porous materials if 

conventional impregnation was used to prepare catalysts with metal oxides supported on the 

surface of a mesoporous material. Generally, various techniques like pressurizing, vacuum 

treatment, or acoustic activation have been proposed to remove gas trapped in the pores. By 

virtue of its large internal surface area and favorable uniformity but easily controlled size of the 

pore, it has attracted considerable interest in material science and other relevant areas [47-51]. 

Since tunable mesopore structure is one of the distinctive features associated with this material, 

several parameters such as period of aging of the synthesis gel, dioxosilicon source, type and 

concentration of surfactant, synthesis method, calcination, pH, etc., whose cause and effect 

relationship on the properties of MCM-41 materials have been intensively explored [11, 52-63]. 

Although, several synthesis routes were developed using different dioxosilicon precursors such 

as TEOS, ethyl silicate, fumed silica, water glass, silica sol, etc., [52,53,54, 55,56]. No 

systematic review was reported via different methodology on the pathway of structural 
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development and properties such as textural/structural, thermal stability and morphology of 

synthesis of MCM-41. In this paper, different methods of MCM-41 synthesis are reported 

herewith. 

 

Different methods for synthesis of MCM-41 

Nano-sized MCM-41 with metal incorporation 

The synthetic procedure for nano-sized mesoporous silicas with metal oxide incorporation is 

shown below: 

 

 

      

 

A clear aqueous solution of hydrolyzed inorganic precursor mixtures tetraethyl orthosilicate 

(TEOS) and metal alkoxides/salts with cetyltrimethylammonium bromide (CTMABr) surfactant 

is prepared at low pH. After that CTMABr, TEOS, and metal alkoxides is added into a highly 

acidic solution of HNO3/HCl (pH~ 0.0) and stirred for a period of 6–12 min at room temperature. 

In the second step, a fast co-condensation reaction is achieved in ammonia aqueous solution. The 

acidic solution containing surfactant and hydrolyzed inorganic species was poured quickly into a 

300 ml 0.125 M ammonia solution and a colloid suspension gel solution was obtained 

immediately; and final pH value was located in the range of 8.0–9.0 by a proper control on the 

ratio of acid/ammonia. The chemical composition of the gel solution in molar ratio is 1.0 

CTMABr:4.5TEOS:(0.0–1.8) metal alkyloxides or salts: 24.0acid:158.0NH4OH:11076.0H2O. 

The products are obtained by filtration, washing and drying at 100 ⁰C and then calcined in air at 

560 ⁰C to remove the organic templates [9]. 

During the synthetic process, no separate phase of metal oxides was formed. Al-substituted 

mesoporous silica (Al-MCM-41) sample is in fine-particle form of nanometer size approximately 

30–40 nm. The Al- MCM-41 nanoparticles have a high surface area of about 1000 m
2
/g. Under a 

high-magnification observation (Figure 1), it was found that the nanotubes consisted of about 
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10–20 nano channels. The diameter of the Al-mesoporous silica nanotubes is less than 60 nm, 

and the length is around 200nm. In general, the nanotubes got shorter with the increase of the 

metal-oxides content. That is because the incorporation of metal oxide would weaken the 

interactions of surfactant–silica. 

 

Figure. 1 

The better transport of guest molecules in its nanopores is examined by looking into its catalytic 

application. It was observed the efficiency on catalytic reactions the catalytic materials in the 

cumene cracking reaction are used, which requires mesopores and strong surface acidity. Two 

basic concepts for creating the M-MCM-41 nanotubes or nanoparticles are: (1) A fast nucleation 

and growth rate leading to crystallization of small nanocrystals, and (2) Matching the 

condensation rate of silica and metal oxide. Based on the chemistry of silica [64], the fastest 

condensation rate is near neutral (pH 6.0–8.0).  

 

MCM-41 from Glycerol and Ethylenediamine  

MCM-41 can be prepared in glycerol and ethylenediamine at room temperature. The appropriate 

amount of cetyltrimethylammonium bromide (CTMABr), template was dissolved in solvent 

glycerol, glycol, water, respectively. The pH of this solution was adjusted to 12 with 
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ethylenediamine (EDA), followed by the addition of tetraethyl orthosilicate (TEOS) with 

vigorous stirring for about 30 min at room temperature. The molar composition of the reaction 

mixture was 1TEOS:0.7 CTMABr:130Solvent(glycerol or glycol or water):13EDA. The mixture 

was stirred for 8 h at room temperature. Then the mixture was aged at room temperature for 24 h. 

The as-synthesized product was filtered and washed with deioned water to pH=7, dried at 50 ⁰C 

for 24 h, then calcined at 550 ⁰C in air for 5 h to remove the organic templates [65]. The 

synthesized MCM-41 by this method had larger pore diameter and narrow pore size distribution. 

 

MCM-41 from different dioxosilicon sources 

Pure silica MCM-41 was synthesized from three different dioxosilicon sources viz. fumed silica, 

FS (99.8 wt.% SiO2, surface area 360–400 m
2
/g, Aldrich), spray dried precipitated silica, PS1 

(99.2 wt.% SiO2, surface area 280–320 m
2
/g, V.P. Chemicals) and flash dried precipitated silica, 

PS2 (99.2 wt.%SiO2, surface area 170–210 m
2
/g, V.P. Chemicals). In order to investigate the 

influence of the type of dioxosilicon source on progressive development and quality of Si-MCM-

41, all other synthesis parameters such as addition sequence, initial reaction mixture 

composition, synthesis temperature, ratio of charged reaction mass to autoclave volume, pH and 

downstream process conditions were kept constant. In typical synthesis run using fumed silica, 

initial gel was prepared by adding a solution prepared by dissolving 11.0 g of cetyl-trimethyl-

ammonium-bromide, CTMABr, (99 wt.%, Dishman) in 50 ml of distilled water to 11.4 g of an 

aqueous solution of tetra-methyl-ammonium-hydroxide, TMAOH, (aq. 25 wt.% Loba Chemie) 

with constant stirring. To this solution, 7.5 g of FS was added slowly under stirring. Stirring was 

further continued for 2 h to obtain homogeneous gel. The resulting final gel thus formed has a 

molar composition SiO2:0.24CTMABr:0.25TMAOH:26 H2O. It was then transferred, sealed and 

heated in a sealed stainless steel (100 ml capacity) autoclave at 383 K for desired length of 

period. The time at which autoclave attained the 383 K temperature was taken as zeroeth hour. 

The product was recovered by filtration, washed thoroughly with distilled water and then dried at 

373 K for 4 h. Calcination was carried out in air at 813 K for 6 h in order to drive-off the 

surfactant [66]. 

Fumed silica has yielded well ordered MCM-41 with thinner wall. Considering the magnitude of 

wall thickness and unit cell contraction upon calcination for each sample, it can be concluded 
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that more contraction in unit cell results in the formation of thinner walled MCM-41. 

Furthermore, the morphology of MCM-41 materials was found to depend on the type of the 

silica source used in their preparation. When fumed silica was used as a dioxosilicon source 

worm/rope like morphology was observed. However, half doughnut and doughnut like 

morphology was observed when PS1 and PS2 were used as a dioxosilicon source [Figure2].  

 

 

Figure 2. 

Under the identical set of synthesis conditions, the reactivity trend of dioxosilicon sources 

observed was as: FS>PS1>PS2. In all the three systems, the unit cell parameter was found to 

increase with synthesis time, reaches to maximum and then decreases on further heating. MCM-

41 synthesized using least expensive PS2 having less surface area has exhibited thicker pore 

walls but poor orderness, while MCM-41 prepared from expensive FS having high surface area 

has thinner pore walls and was well ordered. Thermal stability and morphology of MCM-41 

materials were found to depend on the manufacturing process of dioxosilicon sources used. 

 

Pure siliceous MCM-41 with different pore diameter 

By adjusting the composition of reaction mixtures and controlling the crystallization variables 

without addition of auxilliary organics, the pore of MCM-41 was synthesized with different pore 

diameter. Pure siliceous MCM-41 with different pore diameters were hydrothermally 

synthesized with the following molar composition: SiO2:xCTMABr:0.14M2O:26.2H2O, where x 

was varied between 0.06 and 0.15; M represents cations, such as tetramethylammonium (TMA
+
), 
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tetraethylammonium (TEA
+
), or Na

+
 that were added as hydroxides. In a typical synthesis, an 

aqueous solution of tetramethylammonium silicate obtained from the reaction between silica 

(Aerosil 200, Degussa) and tetramethylammonium hydroxide solution (25% TMAOH, 10% 

SiO2), was added to an aqueous solution containing 9.86 wt % cetyltrimethylammonium bromide 

(CTMABr). Then, amorphous silica was added under continuous stirring. The homogeneous gel 

(pH = 13.8) was sealed in Teflon-lined stainless steel autoclaves and heated at 150 °C under 

static conditions. The time of crystallization was varied from 1 to 10 days. The resulting solid 

products were recovered by filtration and then washed and dried at 60 °C for 24 h. The occluded 

organic was removed by heating the samples at 540 °C under a continuous flow of N2 for 2 h, 

before a flow of air was passed at 540 °C for 6 h [67]. 

Indeed, by working at a CTA
+
/SiO2 ratio between 0.09 and 0.15, highly crystalline MCM-41 

type materials are produced with a pore size in the highest range of those stated in the original 

Mobil patent [3], but avoiding the use of any swelling organic compound into the synthesis gel. 

On the other hand, the values of pore diameter reported here are 20-30 Å larger than those 

published previously by Khusalani et. al. and Cheng et. al. [68,69]. CTA
+
/SiO2 ratios below 0.09 

speed the swelling rate, but poorly crystalline MCM-41 materials are produced. Finally, by 

increasing CTMA/SiO2 ratio to 0.20 results in the formation of mesoporous material with 

distribution a bimodal pore distributions with two major channel opening centered at 44 and 48 

Å. To obtain a swollen, uniformed, and well-crystallized mesoporous material, the optimum 

range of CTMA /SiO2 ratios is found to be between 0.09 and 0.15. Another important factor that 

influences the swelling process is crystallization temperature. A strong increase in the swelling 

rate is observed by increasing the temperature of crystallization to 175 °C. At this temperature, a 

crystallization time as short as 14 h produces a MCM-41 type solid with a unit cell of 70 Å 

which is larger than that obtained at 135 °C after 50 days of heating. Moreover, when the 

synthesis is carried out under dynamic conditions, that is, when the autoclaves were rotated at 60 

rpm, a benefit in the swelling process is observed being the swelling completed after 1 week at 

135 °C instead of the 1 month necessary under static conditions. The swelling process is also 

observed by replacing TMA
+
 in the gel by TEA

+
 or even by inorganic cations such as Na

+
. Na

+
 

seems to give less stable mesoporous materials and with a lower swelling rate than those 

obtained in the presence of tetraalkylammonium cations (TAA
+
). Elemental and chemical 

analyses confirm that the TMA+, TEA+, or Na+ cations are incorporated in the mesoporous 
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products during the synthesis, although Na+ is included into the final solid in a lower molar 

fraction than the others.It is notable that the swelling of mesoporous materials is always 

accompanied by a gradual increase in the content of TAA
+
 cations but a with slight decrease of 

the CTMA
+
 content. Thus, the larger the pore, the higher the content of cations in the products is. 

 

Highly ordered MCM-41 with mixed surfactants: 

Highly ordered form of MCM-41 can be prepared with various pore diameters if micelle packing 

is suitably controlled with mixed surfactants of n-alkyltrimethylammonium bromide (ATMABr) 

and n-alkyltriethylammonium bromide (ATEABr) according to the length of the C12–C22 alkyl 

groups. The synthesis of ATEABr was carried out by the reaction of 1-bromoalkane with 

triethylamine in acetonitrile solution under reflux [70] ATMABr surfactants were synthesised 

similarly using 1-bromoalkane and trimethylamine in a pressure vessel in order to prevent loss of 

trimethylamine. Synthesized surfactants were purified twice via dissolution in chloroform and 

subsequent re-crystallization by the addition of ethyl acetate. R. Ryoo et. al. and J. M. Kim et. al. 

discussed the synthesis of MCM-41 silica in a similar way, except for the use of ATEABr–

ATMABr mixtures [71,72]. The silica source is taken as aqueous solution of sodium silicate with 

Na/Si = 0.5 (2.4 mass% Na2O, 9.2 mass% SiO2, 88.4 mass% H2O). It is then added drop wise to 

an aqueous solution of an ATEABr–ATMABr mixture at a given temperature while the solution 

is stirred vigorously. After continuously stirring for 1 h, the resultant gel mixture is heated for 24 

h at 373 K. The mixture after heating is cooled to the same temperature as before the initial 

mixing, and the pH of the mixture is adjusted to 10 with acetic acid. The mixture after the pH 

adjustment is heated again for 48 h at 373 K. pH adjustments and subsequent heating is repeated 

once more before the precipitated MCM-41 product is finally filtered off. The product is washed 

with EtOH–HCl–H2O(84.1:1.0:14.9 mol/mol) and calcined in air at 823 K [59]. 

The synthesis of C16–C20MCM-41 by the addition of ATEABr showed a significant 

improvement of the structural order up to an optimum ATEABr/ATMABr ratio, after which the 

structural order was progressively lost. Highly ordered C22MCM-41 can also be obtained using 

ATMABr as the single surfactant and sodium silicate as the silica source if the pH of the starting 

mixture is carefully adjusted to 8 before heating, as reported by Namba et al. [8]. A lamellar or 

disordered mesophase is obtained if the pH is not adjusted at all, or adjusted after heating. The 
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effect of the pH adjustment is evidence for the mesophase-formtion mechanism that takes place 

co-operatively by the silica source and surfactants [73]. The reversibility of the formation of the 

silica–surfactant mesostructure is another important factor that affects MCM-41 synthesis. The 

formation of the hexagonal mesophase at pH 8 is not easily reversed and consequently the 

synthesis becomes very sensitive to the timing and temperature for the pH adjustment during the 

silicate polymerisation. On the other hand, the synthesis using C22ATEABr can be performed 

more easily at sufficiently high pH where the formation of the hexagonal mesostructure is 

reversible. 

The surface curvature of micelles can also be controlled using other mixed surfactant systems 

such as cationic–neutral and cationic–anionic [74]. In addition, the mixed surfactant idea may be 

used to adjust the surfactant’s head group size proportionally to the increase in the diameter of 

the micelle, when organic additives are used to increase the pore diameter. 

 

MCM-41 from rice husk ash 

Silica from rice husk ash was generated by the process of fluidized bed gasification a biomass 

fired power plant. Rice husk ash was boiled in 1 M HCl at 80 °C for 1 h. After acid pretreatment, 

the ash was rinsed with distilled water, dried in an oven at 110 ° C overnight and then calcined in 

a muffle furnace at 650 °C for 4 h. Then, the extracted silica from rice husk was utilized as a 

siliceous raw material for MCM-41 preparation. Hexadecyltrimethylammonium bromide 

(CTMABr) and extracted silica from rice husk ash was used as reactant for MCM-41 synthesis. 

The process of synthesis, called sol-gel method, was carried out with the molar composition of 

4SiO2:1Na2O:1CTMABr:200H2O. The mixture was adjusted the pH value to 10 and stirred 

constantly for 48 h at room temperature. Afterward, the suspended solid was filtered and rinsed 

with ethanol solution. The filtered solid was calcined at 550 °C for 5 h.  

The Scanning Micrographs of rice husk ash (RHA)-MCM-41 and commercial sodium silicate 

(SDS)-MCM-41 is given in Fig. 3 (a) and (b), respectively. These images exhibited the 

agglomerated particles with the uniform size in a range of 0.3-0.5 μm, smaller than that of the 

extracted silica (50 μm) about 100 order of magnitude. This is because the well-organized 

assembly of silicate ions reacted with the cationic template in adequate crystallization. 
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RHA_MCM-41 possessed the surface area 730 m
2
/g whereas SDS_MCM-41 gave the surface 

area 960 m
2
/g. Both synthesized MCM-41 has average pore diameter was centered around 2.2 

nm. The pore volume of RHA_MCM-41 and SDS_MCM-41 was 0.87 and 0.70 ml/g, 

respectively. According to the porosity data, the pore diameter of the MCM-41 particles is not 

affected by the source of silica but it is significantly controlled by the length of carbon chains in 

the molecules of organic template. Even though, the crystallinity characteristics and the porosity 

properties of MCM-41 synthesized from rice husk ash were similar to those of MCM-41 

synthesized from commercial silica. 

 

Conclusion and Remarks 

The mesoporous molecular sieve MCM-41 with one-dimensional channels 16-100 Å in diameter 

which engenders the potential for the applications of these materials in catalysis, separation, and 

sorption for very bulky molecules. As per reaction condition, catalyst MCM-41 requires in 

different shapes, in different pore diameter, larger surface area etc. Therefore, it is necessity that 

MCM-41 should be synthesized via different routes. In this review paper, it was discussed in 

detail with different methods. Al-substituted mesoporous silica (Al-MCM-41) is in fine-particle 

  

Fig 3(a) SEM images of RHA_MCM-41 Fig 3 (b) SEM images of SDS_MCM-41 
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form of nanometer size approximately 30–40 nm with high surface area of about 1000 m
2
/g. 

Synthesized MCM-41 in glycerol and ethylenediamine solvent had larger pore diameter and 

narrow pore size distribution. During synthesis of MCM-41 with different dioxosilicon sources, 

morphology of MCM-41 was observed that worm/rope, half doughnut and doughnut for fumed 

silica, spray dried precipitated silica (PS1) and flash dried precipitated silica (PS2), respectively. 

At a CTA
+
/SiO2 ratio between 0.09 and 0.15, highly crystalline MCM-41 type materials are 

produced with a pore size in the highest range with pore diameter 20-30 Å. Highly ordered 

MCM-41 with mixed surfactants was synthesized with effect of various pH and ratio of mixed 

surfactants. Crystallinity characteristics and the porosity properties of MCM-41 synthesized from 

rice husk ash were similar to those of MCM-41 synthesized from commercial silica. But, MCM-

41 synthesized from rice husk ash possessed the surface area 730 m
2
/g, whereas MCM-41 

synthesized from commercial silica gave the surface area 960 m
2
/g. This listing of possible 

various synthesis methods will be helpful.  It gives an idea about the access various properties of 

MCM-41. 

 

References: 

 Kresge C T, Leonowicz M E, Roth W J, Vartuli J C, Beck J S. Nature, 1992, 359 : 710 

 Beck J S, Vartuli J C, Roth W J, Leonowicz M E, Kresge C T, Schmitt K D, Chu C T-W, 

Olsen D H, Sheppard E W, McCullen S B, Higgins J B, Schlenker J L. J Am Chem Soc, 

1992, 114 : 10834 

 Beck J S. US 5 057 296, 1991   

 Huo Q, Margolese D I, Ciesla U, Denuth D G, Feng P, Gier T E, Sieger P, Firouzi A, 

Chmelka B F, Schuth F, Stucky G D. Chem Mater, 1994, 6 : 1176  

 Choma J, Pikus S, Jaroniec M. Appl Surf Sci, 2005, 252 : 562 

 Hamoudi S, Belkacemi K. J Porous Mater, 2004, 11 

 Cheng Y-R, Lin H-P, Mou Ch-Y. Phys Chem Chem Phys, 1999, 1: 5051 

 Namba S, Mochizuki A, Kito M. Stud Surf Sci Catal, 1998, 117 : 257 



            IJMT                  Volume 1, Issue 7                    ISSN: 2249-1058  
__________________________________________________________         

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage, India as well as in Cabell’s Directories of Publishing Opportunities, U.S.A. 

International Journal of Marketing and Technology 
 http://www.ijmra.us                                             

 
168 

December 

2011 

 Chao M-C, Lin H-P, Mou C-Y, Cheng B-W, Cheng C-F. Catal Today, 2004, 97 : 81 

 Luan Z, Cheng C-F, He H, Klinowski J. J Phys Chem, 1995, 99 : 10590 

 Luan Z, He H, Zhou W, Cheng C-F, Klinowski J. J Chem Soc Faraday Trans, 1995, 91 : 

2955 

 Corma A; Navarro M T, Perez-Pariente J. J Chem Soc Chem Commun, 1994, 147  

 Tanev P T, Chibwe M, Pinnavaia T J. Nature, 1994, 368: 321 

 Cheng C-F, He H, Zhou W, Klinowski J, Sousa-Goncalves J A, Gladden L F. J Phys Chem, 

1996, 100: 390 

 Reddy K M, Moudrakovski I L, Sayari A. J Chem Soc Chem Commun, 1994, 1059 

 Sayari A, Danuman C, Moudrakovski I L. Chem Mater, 1995, 7: 813 

 Yuan Z Y, Liu S Q, Chen C H, Wang J Z, Li H X. J Chem Soc Chem Commun,  1995, 973   

 Zhao D Y, Goldfarb D. J Chem Soc Chem Commun, 1995, 875  

 Cheng C-F, Klinowski J. J Chem Soc Faraday Trans, 1996, 92 : 289 

 Li N, Kong Y, Wu C, Zhang Y, Chen D, Sun P, Wang J. State Key Laboratory of Materials-

Oriented Chemical Engineering. College of Chemistry and Chemical Engineering. Nanjing 

University of Technology, Nanjing 210009. P. R. China 

 Lee C K, Liu S S, Juang L C, Wang C C, Lin K S, Lyu M D. J Hazard Mater, 2007, 147 (3) : 

997 

 Kosslick H, Lischke G, Landmesser H.  J Catal, 1998, 176 : 102 

 Cai Q, Wei C P, Xu Y Y. Chem J Chin Univ (in Chinese), 1999, 20 : 344 

  Chen F X, Huang X D, Li Q Z. Chin Sci Bull (in Chinese), 1999, 44 : 1905 

 Melde B J, Johnson B J, Charles P T. Sensors, 2008, 8 : 5202 

 Choudhary V R, Jana S K, Patil N S. Catal Lett, 2001, 76 :  235 

 Choudhary V R, Jana S K, Patil N S. Tetrahedron Lett, 2002, 43 : 1105  

 Choudhary V R, Jana S K, Patil N S. US 6 437 191. 2002 



            IJMT                  Volume 1, Issue 7                    ISSN: 2249-1058  
__________________________________________________________         

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage, India as well as in Cabell’s Directories of Publishing Opportunities, U.S.A. 

International Journal of Marketing and Technology 
 http://www.ijmra.us                                             

 
169 

December 

2011 

 Choudhary V R, Jana S K, Kiran B P. J Catal, 2000, 192 : 257 

 Choudhary V R, Jana S K. Synthetic Commun, 2002, 32 : 2843 

 Choudhary V R, Jana S K. J Mol Catal A Chem, 2002, 184 : 247 

 Jana S K. Catalysis Surveys from Asia, 2006, 10 (2) : 

 Melosh N A, Lipic P, Bates F S. Macromolecules, 1999, 32 :  4332  

 Lu Y, Ganguli R, Drewien C A. Nature, 1997, 389 : 364 

 Miyata H, Kuroda K, J Am Chem Soc, 1999, 121 : 7618 

 Lin H-P, Chi Y-S, Lin J-N, Mou C-Y, Wan B Z. Revised June 27, 2001, CL-010611 

 Barton T J, Bull L M, Klemperer W G, Loy D A, McEnaney B, Misono M, Monson P A, Pez 

G, Scherer G W, Vartuli J C, Yaghi O M, Chem Mater, 1999, 11 : 2633 

 Ma Y, Tong W, Zhou H, Suib L. Micropor Mesopor Mater, 2000, 37 : 243 

 Cheetham K, Ferey G, Loiseau T. Angew Chem Int Ed Engl, 1999, 38 : 3269  

 Behrens P. Adv Mater, 1993, 5 : 127 

 Scheuth F, Wingen A, Sauer J. Micropor Mesopor Mater, 2001,  44–45 :  465 

 Baute D, Zimmermann H, Kababya S, Vega S, Goldfarb D. Chem Mater, 2005, 17 : 3723 

 Li Q, Brown S E, Broadbelt L J, Zheng J-G, Wu N Q. Micropor Mesopor Mater, 2003, 59 : 

105 

 Bourlinos A, Simopoulos A, Boukos N, Petridis D. J Phys Chem B, 2001, 105 : 7432 

 Lensveld D, Mesu J, Dillen A, Jong K. Micropor Mesopor Mater, 2001, 44–45 : 401 

 Mulukutla R S, Asakura K, Kogure T, Namba S, Iwasawa Y. Phys Chem Chem Phys, 1999, 

1 : 2027. 

 Moller K, Bain T, Chem Mater, 1998, 10 : 2950 

 Ying J Y, Mehnert C P, Wong M S. Angew Chem Int Ed, 1999, 38 : 56 

 Wu C-G, Bain T. Chem Mater, 1994, 6 : 1109 



            IJMT                  Volume 1, Issue 7                    ISSN: 2249-1058  
__________________________________________________________         

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage, India as well as in Cabell’s Directories of Publishing Opportunities, U.S.A. 

International Journal of Marketing and Technology 
 http://www.ijmra.us                                             

 
170 

December 

2011 

 Fang X, Fryxell G E, Wnag L-Q, Kim A Y, Liu J, Kemmer K M. Science, 1997, 276 : 923 

 Armengol E, Cano M L, Corma A, Garcia H, Nacarro M T. J Chem Soc Chem Commun, 

1995, 519 

 Igarashi N, Koyano K, Tanaka Y, Nakata S, Hashimoto K, Tatsumi T. Micropor Mesopor 

Mater, 2003, 59 : 43 

 Kassiers K, Linssen T, Mathieu M, Benjelloun M, Schrijnemakers K, Voort P V D, Cool P, 

Vansant E F.  Chem Mater, 2002, 14 : 2317 

 Park D H, Cheng C F, Klinowski J. Bull Korean Chem Soc, 1997, 18 : 379 

 Luechinger M, Frunz L, Pirngruber G D, Prins R. Micropor Mesopor Mater, 2003, 64 : 203 

 Gaydhankar T R, Taralkar U S, Jha R K, Joshi P N, Kumar R. Catal Commun, 2005, 6 : 361 

 Wu C N, Tsai T S, Liao C N, Chao K J. Micropor Mater, 1996, 7 : 173 

 Kruk M, Jaroniec M, Sayari A. J Phys Chem B, 1997, 101 : 583 

 Ryoo R., Ko C H, Park I-S. Chem Commun, 1999, 1413 

 Yan J, Shi J-L, Wnag L-Z, Ruan M-L, Yan D-S.  Mater Lett, 2001, 48 : 112 

 Voegtlin A C, Matijasic A, Patarin J, Sauerland C, Grillet Y, Huve L, Micropor Mater, 1997, 

10 : 137 

 Kleitz F, Schmidt W, Schüth F. Micropor Mesopor Mater, 2003, 65 : 1 

 Broyer M, Valange S, Bellat J P, Bertrand O, Weber G, Gabelica Z. Langmuir, 2002, 18 : 

5083 

 Iler R K. The Chemistry of Silica: Solubility, Polymerization, Colloid and Surface Properties, 

and Biochemistry. Wiley, New York. 1979. 

 Tai X M, Wang H X, Shi X Q. Chinese Chemical Lett, 2005, 16 (6) : 843 

 Gaydhankar T R, Samuel V, Joshi P N. Mater Lett, 2006, 60 : 957 

 Corma A, Kan Q, Navarro M T, Perez-Pariente J, Rey F, Chem Mater, 1997, 9 : 2123 



            IJMT                  Volume 1, Issue 7                    ISSN: 2249-1058  
__________________________________________________________         

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage, India as well as in Cabell’s Directories of Publishing Opportunities, U.S.A. 

International Journal of Marketing and Technology 
 http://www.ijmra.us                                             

 
171 

December 

2011 

 Khushalani D, Kuperman A, Ozin G A, Tanaka K, Garces J, Olken M M, Coombs N. Adv 

Mater, 1995, 7 : 842 

 Cheng C-F, Zhou W, Klinowski J. Lett Chem Phys, 1996, 263 : 247 

 Kim M J, Ryoo R. Chem Mater, 1999, 11 : 487 

 Ryoo R, Kim J M. J Chem Soc Chem Commun, 1995, 711  

 Kim J M, Kwak J H, Jun S, Ryoo R. J Phys Chem, 1995, 99 : 16742 

 Monnier A, Schuth F, Huo Q, Kumar D, Margolese D, Maxwell R S, Stucky G D, 

Krishnamurty M, Petroff P, Firouzi A, Janicke M, Chmelka B F. Science, 1993, 261 : 1299 

 Chen F, Huang L, Li Q. Chem Mater, 1997, 9 : 2685 

 

 


