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ABSTRACT 
 

 

 

Tin-modified mesoporous silica MCM-48 with various Si/Sn ratios has been prepared by 
post synthesis modification in alkaline medium.  Local rice husk ash (RHA) has been 
used as Si precursor in the synthesis of Si-MCM-48 samples while SnCl2 was used as 
the tin source in the modification.  The tin-modified MCM-48 samples were 
characterized by using powder X-ray diffraction (XRD) analysis, Fourier transform 
infrared (FTIR) spectroscopy, ultraviolet-visible diffuse reflectance (UV-Vis DR) 
spectroscopy, nitrogen physisorption measurement, field emission scanning electron 
microscopy (FESEM) and temperature-programmed reduction (TPR) analysis.  Surface 
acidity of the prepared samples was determined by using pyridine adsorption-desorption 
measurement followed by FTIR spectroscopy.  In addition, thermal and hydrothermal 
stability testing for the tin-modified samples were carried out.  The FTIR, UV-Vis DR 
and XRD results show that tetrahedral tin species can be introduced into the mesoporous 
material without destroying the framework structure of the molecular sieves.  Surface 
acidity studies confirm that Lewis acid sites had been generated on the mesoporous 
silica MCM-48 by post-synthesis modification.  The generation of Lewis acid sites could 
be due to the introduction of tin species and/or because of defect sites that had been 
created during post-synthesis modification.  Tin-modified sample SnM60 (Si/Sn = 60) 
possessed highest amount of Lewis acidity.  In oxidation of benzyl alcohol, all the tin-
modified samples gave 100% selectivity to benzaldehyde in reaction time under 22 
hours.  The catalytic activity can be correlated with the Lewis acid sites generated by 
post-synthesis modification.  Purely siliceous MCM-48 and physically mixed tin-
containing MCM-48 samples that possesses no Lewis acidity gave poor performance in 
the catalytic reaction.  With the increase in the amount of oxidant in the reaction 
mixtures, the conversion of benzyl alcohol increased significantly but the selectivity for 
benzaldehyde was reduced.  For reusability test, the catalytic performance of the re-used 
samples was maintained within 5-10% after two cycles of reuse without significant loss 
of activity.  Comparison of the catalytic performance of SnM60 in the oxidation of 
unsaturated primary alcohols and saturated aliphatic primary alcohol towards the 
corresponding aldehydes showed higher % conversion of the unsaturated primary 
alcohols than that of the saturated aliphatic primary alcohol. 
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ABSTRAK 

 

 

 

Silika berliang meso MCM-48 yang terubahsuai dengan timah dalam pelbagai nisbah 
Si/Sn telah disediakan melalui pengubahsuaian pasca-sintesis dalam medium alkali.  
Abu sekam padi tempatan telah digunakan sebagai sumber Si dalam sintesis sampel Si-
MCM-48, manakala SnCl2 telah digunakan sebagai sumber timah dalam 
pengubahsuaian tersebut.  Sampel MCM-48 yang mengandungi timah telah dicirikan 
dengan kaedah pembelauan sinar-X (XRD), spektroskopi inframerah transformasi 
Fourier (FTIR), spektroskopi pemantulan difusi ultralembayung-nampak (UV–Vis DR), 
penjerapan nitrogen, mikroskopi elektron pengimbasan pancaran medan (FESEM) dan 
analisis penurunan dengan suhu teraturcara (TPR).  Keasidan permukaan bagi sampel 
yang telah disediakan telah diperolehi melalui penjerapan-penyahjerapan piridina diikuti 
dengan spektroskopi inframerah.  Ujian kestabilan termal dan hidrotermal juga telah 
dijalankan ke atas sampel.  Hasil XRD, FTIR and UV-Vis DR menunjukkan bahawa 
spesis timah dapat diselitkan dalam bahan berliang meso tanpa memusnahkan struktur 
kerangka penapis molekul tersebut.  Kajian keasidan permukaan mengesahkan bahawa 
tapak asid Lewis telah dapat dihasilkan pada silika berliang meso MCM-48 dengan 
pengubahsuaian pasca-sintesis.  Penghasilan tapak asid Lewis tersebut mungkin 
disebabkan oleh penyelitan sepsis timah atau tapak kecelaan yang terbentuk semasa 
pengubahsuaian pasca-sintesis.  Sampel terubahsuai dengan timah SnM60 (Si/Sn = 60) 
mempunyai keasidan Lewis yang tertinggi.  Dalam ujian pemangkinan, semua sampel 
terubahsuai dengan timah memberikan kepilihan 100% terhadap benzaldehid dalam 
masa tindak balas bawah 22 jam.  Aktiviti pemangkinan dapat dikaitkan dengan tapak 
asid Lewis yang terhasil dengan pengubahsuaian pasca-sintesis.  MCM-48 bersilika 
tulen dan sampel MCM-48 terkandung timah yang disediakan secara campuran fizikal 
memberikan prestasi yang rendah dalam tindak balas pemangkinan.  Dengan 
peningkatan kandungan ejen pengoksidaan dalam campuran tindak balas, nyata sekali 
bahawa penukaran benzil alkohol juga meningkat, tetapi kepilihannya terhadap 
benzaldehid telah menurun.  Dalam ujian penggunaan semula, prestasi pemangkinan 
bagi sampel terpakai masih dapat dikekalkan setelah dipakai semula sebanyak dua kali 
dengan hanya perbezaan aktiviti sebanyak 5-10% berbanding dengan yang asal.  
Perbandingan aktiviti pemangkinan SnM60 dalam penukaran alkohol primer tak tepu 
dan alkohol primer alifatik tepu kepada aldehid sepadan menunjukkan % penukaran 
alkohol primer tak tepu lebih tinggi daripada alkohol primer alifatik tepu. 
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

1.1 Catalyst  

 

 Catalyst is defined as a substance that increases the rate of approach to 

equilibrium of a chemical reaction without being substantially consumed [1].  Normally, 

a catalyst offers an alternative path for a reaction, which is energetically more 

favourable. The activation energy of the catalyst added reaction is significantly smaller 

than that of the similar reaction but without catalyst; hence, the rate of the former is 

much higher.  The action of a catalyst in acceleration of such chemical reaction is called 

catalysis.   

 

 Catalysts accelerate reactions and thus enable industrially important reactions to 

be carried out efficiently under practically attainable conditions.  Much of the food we 

eat and the medicines we take, many of the fabrics and building materials that keep us 

warm and almost all the fuels that transport us by road, sea or air are produced with the 

aid of catalysts [2].  Nowadays, the chemical industry is largely based upon catalysis.  In 

2001, global top 50 chemical sales exceeded USD 404.4 billion. Roughly 85-90% of 

these chemicals were produced throughout the world in chemical manufacturing 

processes that involved catalysis [3].  In the same year, the world merchant market for 

catalysts (i.e., excluding catalysts manufactured and consumed internally by industrial 

companies) was worth about USD 10 billion [4].   
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1.2 Heterogeneous Catalysts 

 

 Catalysts are generally divided into two basic types, heterogeneous and 

homogeneous, depending on their state relative to the reaction medium [5].  

Heterogeneous catalysts are present in different phase to the reaction medium.  In most 

cases the catalyst is a solid with the reactants being either in the gas or liquid phase.  On 

the other hand, homogeneous catalysts are present in the same phase (the gas phase or 

most often the liquid phase) as the reactants.  The most widely used homogeneous 

catalysts are acids (e.g. sulfuric acid), bases (e.g. sodium hydroxide) and 

(organo)metallic complexes.  Overview comparisons between these two types of 

catalysts are summarized in Table 1.1.  

 

Table 1.1: Comparison of heterogeneous and homogeneous catalysts [5].  
 

Heterogeneous Homogeneous 

Usually distinct solid phase Same phase as reaction medium 

Readily separated Often difficult to separate 

Readily regenerated and recycled Expensive/difficult to recycle 

Rates not usually as fast as homogeneous Often very high rates  

May be diffusion limited Not diffusion controlled 

Quite sensitive to poisons Usually robust to poisons 

Long service life Short service life 

Poor mechanistic understanding Often mechanism well understood 

 
 
 Majority of the fine, speciality, and pharmaceutical chemicals manufacturing 

processes rely on homogeneous catalysts, with solid heterogeneous catalysts used in 

little beyond hydrogenation processes [6].  Many of these homogeneous catalysis 

processes generate huge amount of inorganic waste and toxic by-products. Since the 

early 1990s, the issues concerning the environmental impact of the hazardous waste and 

by-products from chemicals manufacturing processes have alarmed the public and 

environmentalists.  Public concern is a potent influence; industry sectors are now 
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looking towards innovative chemical technologies that reduce or eliminate the use or 

generation of hazardous substances in the design, manufacture and use of chemical 

products.  In this respect, there is no doubt that heterogeneous catalysts with their 

advantages such as ready separability, recyclable, reduction of waste can play a key role 

in replacing the conventional homogeneous catalysis route towards environmentally 

benign processes.  Consequently, developing heterogeneous catalysts for various kinds 

of chemical reactions that are involved in the industrial processes become a new 

challenge to scientists and researchers. 

 

 

 

1.3 Research Background and Problem 

 

 In the past few years, various oxidation reactions in the gas or liquid phases have 

been studied to synthesize valuable intermediate products or fine chemicals [7].  Among 

the reactions, the catalytic oxidation of primary and secondary alcohols into their 

corresponding aldehydes and ketones are essential reactions in organic synthesis [8,9].  

Primary alcohols usually are oxidized to aldehydes or acids, while secondary alcohols 

are oxidized to ketones.  Tertiary alcohols are normally resistant to oxidation. 

 

 Conventional methods for performing such transformations generally involve the 

use of stoichiometric or more than stoichiometric quantities of inorganic oxidants, such 

as chromium (VI) reagents, dimethyl sulfoxide, ceric ammonium nitrate, permanganates, 

periodates, or N-chlorosuccinimide (NCS) [10].  In many instances, these homogeneous 

catalysts provide powerful solutions, but on an industrial scale the problems related to 

corrosion and plating out on the reactor wall, handling, recovery, and reuse of the 

catalyst set up the limitations of these processes [11].  Besides, safety hazards associated 

with these oxidants and their toxic by-products and waste are also the major problems of 

such processes.  Furthermore, these methods are usually carried out in halogenated 

organic solvents, typically chlorinated hydrocarbons which are environmentally 

undesirable and often require one or more equivalents of these relatively expensive 
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oxidizing agents.  Consequently, there is a marked trend towards the use of catalytic 

alternatives that do not generate aqueous effluents containing large quantities of 

inorganic salts.  Much effort has been made to develop homogeneous catalytic systems 

to solve these problems [12-17].  However, most systems still required the inert 

atmosphere condition, addition of toxic additives and hazardous solvent. 

 

 A liquid phase catalytic oxidations for alcohols employing heterogeneous 

catalysts has the maximum potential to solve most of the problems faced by 

homogeneous catalysts in both economic and environmental aspects.  A liquid phase 

reaction allows better control of heat and mass transfer limitation, thus making the 

operation safer and also economical energy-wise.  Effective liquid phase alcohol 

oxidation reactions can be carried out over heterogeneous catalyst in combination with 

clean and inexpensive oxidants such as tert-butyl hydroperoxide (TBHP) [18,19].  As 

shown in Figure 1.1, oxidation of alcohols by TBHP will only give water and tertiary 

alcohol as the only by-products. 

 

 
Figure 1.1 Scheme of the catalytic oxidation of alcohol by TBHP. 

 

 Study on the oxidation of alcohols over heterogeneous catalysts is gaining 

interest from researchers since few years ago.  Many of the catalysts developed were 

based on noble and rare metals, such as ruthenium (Ru), palladium (Pd), platinum (Pt) 

and gold (Au) [20-27].  These catalysts are expensive and some of them require inert 

atmosphere during the preparation of the catalyst.  Sometimes they even need other 

promoter ions to achieve good catalytic activities.  There are also heterogeneous 

catalytic oxidations of alcohols based on molecular sieves such as zeolites [28-32].  

R = akyl, aryl or H

H2O+ + OH
OH

R R'

O

R R'

Catalyst

TBHP

R' = akyl, aryl or H
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Most of the catalysts are prepared by incorporating or supporting transitional metal 

species on the microporous materials (pore size < 2nm).  Even though the reaction rates 

are slower and the product yields were lower compared to their conventional 

homogeneous counterparts, heterogeneous catalysts based on molecular sieves is a more 

acceptable pathway due to the ease in separation, recovery, recycling, and amenability 

for continuous processing.  Therefore, further studies on developing heterogeneous 

catalysts based on molecular sieves with better catalytic performance should be carried 

out.  

 

 In the synthesis of naturally occurring compounds, one usually faces the 

manipulation of compounds containing several types of hydroxyl functional groups, and 

it is necessary to selectively oxidize a single hydroxyl group (primary or secondary 

alcohol) within the same molecule [33].  The difficulties are multiplied when more 

complexes structures, such as polyfuntionalized and thermo-labile alcohols, which a lot 

of them are precursors or chemical intermediates for fine chemicals and pharmaceuticals, 

have to be oxidized.  Thus, selective transformation of hydroxyl groups have been a 

challenging target since it offers an alternative to synthesis via selective protection and 

deprotection.  

 

 On the other hand, the element tin or Stannum (Sn) in Latin has played an 

increasingly important role in organic and organometallic chemistry.  In fact, tin is one 

of the elements that has been used extensively in the petrochemical industry to improve 

the selectivity of the bimetallic catalyst systems [34-36].  Study on introduction of tin 

species into molecular sieves to enhance catalytic property of the latter has gained great 

interest.  Tin can exist as tin (IV) species in the tin-containing molecular sieves, in which 

they form tetrahedral coordination [37-41].  This tin (IV) species can either be 

substituted into the silica framework of molecular sieves or just simply grafted onto the 

surface of the molecular sieves.  Besides, tin can also exist as hexacoordinated mono- 

and/or polymeric tin species.  Methods reported for introducing tin species into porous 

materials usually used SnCl4 as tin source under acidic conditions.  These methods 
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sometimes are inconvenient when the chemical compositions in the porous materials are 

sensitive to acidic conditions.   

 

 Recently, tin-containing molecular sieves have been reported to be an efficient 

catalyst for the Baeyer-Villiger oxidation with hydrogen peroxide in aqueous solution 

with a very high selectivity to targeted products [42-44].  Baeyer-Villiger oxidation is 

the oxidation of a ketone to an ester or lactone by a hydroperoxide and it is a prominent 

reaction in synthetic organic chemistry due to its versatility and highly predictable 

regioselectivity and stereoselectivity [45].  An additional beneficial property of this 

chemoselective oxidation system is that isolated double bonds are not epoxidized.  

Besides, tin-containing molecular sieves also showed good conversion and selectivity in 

the Meerwein-Ponndorf-Verley (MPV) reduction of aldehydes and Oppenauer’s (O) 

oxidation of alcohols reactions (together denoted as MPVO reactions) [46,47].  In MPV 

reduction, a secondary alcohol is the reductant whereas in Oppenauer oxidations a 

ketone is the oxidant.  The tin-containing catalyst has been proposed to act as a Lewis 

acid.  The activation of the carbonyl group through its coordination to the metal center 

was proposed to be the origin of the catalytic activity in Baeyer-Villiger and MPVO 

reactions [42,45]. 

 

 By considering their excellent catalytic activity in Baeyer-Villiger and MPVO 

reactions, tin-containing molecular sieves seem to have the potential as highly selective 

catalyst in oxidation of alcohol.  Therefore the study and development of tin-containing 

molecular sieves as highly selective catalyst in oxidation of alcohol to their 

corresponding carbonyl compounds by using clean oxidants should be carried out.  To 

avoid the pore diffusion limitations involving large substrates, tin-containing 

mesoporous molecular sieves (pore size in 2–50 nm) such as MCM-48 should be 

developed rather than microporous molecular sieves.   
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1.4 Research Objectives 

 

The objectives of this research are: 

i. To synthesize tin-containing mesoporous MCM-48 materials by post synthesis 

modification. 

ii. To characterize the tin-containing mesoporous MCM-48 materials by 

physicochemical characterization techniques such as powder X-ray diffraction 

(XRD) analysis, ultraviolet-visible diffuse reflectance spectroscopy (UV-Vis 

DR), nitrogen (N2) physisorption measurement and so on. 

iii. To investigate the catalytic properties of tin-containing mesoporous MCM-48 

materials in the oxidation of benzyl alcohol to benzaldehyde as model reaction.  

 

 

 

1.5 Scope of the Study 

 

 In this research, the correlation between the structural and physicochemical 

properties of various tin-containing mesoporous MCM-48 materials and catalytic 

properties of the materials in oxidation of various alcohols are to be studied.  For that 

reason, the research is divided into three main areas. 

 

 First, is the synthesis of tin-containing mesoporous silica MCM-48 with different 

tin loadings by post-synthesis modification.  The modification on purely siliceous 

MCM-48 (or referred as mesoporous silica) was carried out under alkaline medium by 

using SnCl2 as tin source.  Samples prepared by this method are hereafter referred as tin-

modified samples.  The synthesis procedure of mesoporous silica MCM-48 in this 

research is similar to that of the mixed cationic-neutral surfactant templating route that 

was first introduced by Ryoo et al. [48] and then modified by Lau [49].  Rice husk ash 

(RHA) obtained from the pilot plant of Zeolite and Porous Materials Group (ZPMG), 

Ibnu Sina Institute for Fundamental Science Studies, Universiti Teknologi Malaysia was 

used as silica source.  As a comparison to post-synthesis modification method, tin-
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containing mesoporous silica MCM-48 samples were also prepared by physical-mixing 

method, in which purely siliceous MCM-48 was physically mixed with tin (IV) oxide, 

SnO2. 

 

 Second, is the characterization of the prepared tin-modified mesoporous silica 

MCM-48 samples.  To understand the physicochemical properties; appropriate 

techniques were used in the characterization, including powder X-ray diffraction (XRD) 

analysis, Fourier transform infrared spectroscopy (FTIR), ultraviolet-visible diffuse 

reflectance spectroscopy (UV-Vis DR), nitrogen (N2) physisorption measurement, field 

emission scanning electron microscopy (FESEM), and temperature-programmed 

reduction (TPR).  Surface acidity of the prepared materials had been carried out by using 

pyridine adsorption-desorption measurement followed by FTIR spectroscopy.  In 

addition, thermal and hydrothermal stability testing for the tin-modified samples were 

carried out. 

 

 Finally, investigation of the catalytic activity of the tin-modified samples were 

conducted with oxidation of primary alcohol to aldehyde in liquid-phase system. 

Oxidation of benzyl alcohol to benzaldehyde using tert-butyl hydroperoxide, TBHP as 

oxidant was performed at 353 K as a model reaction.  For comparison proposes, 

commercially available bulk tin (IV) oxide, SnO2 and purely siliceous MCM-48 were 

used in the catalytic tests.  Reusability and the effect of substrate to oxidant ratio on 

activity of tin-modified samples were studied.  Oxidation of unsaturated primary 

alcohols (cinnamyl alcohol and geraniol) and primary aliphatic alcohol have been 

carried out as well.  The research design is illustrated in Figure 1.2. 
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Figure 1.2 Flowchart of the research design. 

Preparation of tin-modified mesoporous silica 

MCM-48 with different tin loadings by post-

synthesis modification. 

Characterization: 
Powder XRD, FTIR, UV-Vis DR, N2 physisorption measurement, 

FESEM, TPR, pyridine adsorption-desorption measurement, 
thermal and hydrothermal stability testing 

Catalytic testing on 
oxidation of alcohols 

Reaction products analyzed by gas chromatography (GC) and 
gas chromatography-mass spectrometry (GCMS) 

Synthesis of tin-containing 
MCM-48 by physical-mixing of 
purely siliceous MCM-48 with 

SnO2 as comparison 



 

 

61

 

 

 

REFERENCES 

 

 

 

1. Seidel, A. ed. Kirk-Othmer Encyclopedia of Chemical Technology. 5th. ed. 

Hoboken, N.J.: John Wiley & Sons, Inc. Vol. 5. 200-326; 2004 

 

2. Thomas, J. M. and Thomas, W. J. Principles and Practice of Heterogeneous 

Catalysis. Weinheim: VCH Verlagsgesellschaft mbH. 1997  

 

3. Chorkendorff, I. and Niemantsverdriet, J. W. Concepts of Modern Catalysis 

and Kinetics. Weinheim: Wiley-VCH Verlag GmbH & Co. KGaA. 2003  

 

4. Wittcoff, H. A., Reuben, B. G. and Plotkin, J. S. Industrial Organic Chemicals. 

2nd. ed. Hoboken, N.J.: John Wiley & Sons, Inc. 2004  

 

5. Lancaster, M. Green Chemistry: An Introductory Text. Cambridge: Royal 

Society of Chemistry. 2002  

 

6. Clark, J. H. Solid Acids for Green Chemistry. Acc. Chem. Res., 2002. 35: 791-

797. 

 

7. Gallezot, P. Selective Oxidation with Air on Metal Catalysts. Catal. Today, 

1997. 37: 405-418. 

 

8. Fey, T., Fischer, H., Bachmann, S., Albert, K. and Bolm, C. Silica-Supported 

TEMPO Catalysts: Synthesis and Application in the Anelli Oxidation of 

Alcohols. J. Org. Chem., 2001. 66: 8154-8159. 



 

 

62

9. Sheldon, R. A., Arends, I. W. C. E. and Dijksman, A. New Developments in 

Catalytic Alcohol Oxidations for Fine Chemicals Synthesis. Catal. Today, 

2000. 57: 157-166. 

 

10. Hudlicky, M. Oxidations in Organic Chemistry. ACS Monograph 186. 

Washington D. C.: America Chemical Society. 1990  

 

11. Mallat, T. and Baiker, A., Oxidation of Alcohols with Molecular Oxygen on 

Solid Catalysts. Chem. Rev., 2004. 104: 3037-3058. 

 

12. Thottumkaraa, A. P. and Vinod, T. K. Synthesis and Oxidation Reactions of A 

User- and Eco-friendly Hypervalent Iodine Reagent. Tetrahedron Lett., 2002. 

43: 569–572. 

 

13. Matsuo, J., Iida, D., Yamanakaa, H. and Mukaiyama, T. N-tert-

Butylbenzenesulfenamide-catalyzed Oxidation of Alcohols to The 

Corresponding Carbonyl Compounds with N-chlorosuccinimide. Tetrahedron, 

2003. 59: 6739–6750. 

 

14. Yadav, J. S., Reddy, B. V. S., Basak, A. K. and Narsaiah, A. V. Recyclable 2nd 

Generation Ionic Liquids as Green Solvents for The Oxidation of Alcohols 

with Hypervalent Iodine Reagents. Tetrahedron, 2004. 60: 2131–2135. 

 

15. Coleman, K. S., Bedel, L. J. L. and Osborn, J. A. Catalytic Oxidation of 

Alcohols to Aldehydes or Ketones Using Osmium–oxo Complexes with 

Sulfoxides or N-methylmorpholine- N-oxide as The Co-oxidant: A 

Comparative Study. C. R. Acad. Sci. Paris, Se´rie IIc, Chimie : Chem., 2000. 3: 

765–769. 

 

 

 



 

 

63

16. Heravi, M. M., Derikvand, F., Ghassemzadeh, M. and Neumüller, B. Synthesis, 

Characterization and Structure of a Tetrameric DABCO–bromine Complex: A 

Novel Oxidizing Agent for Oxidation of Alcohols to Carbonyl Compounds. 

Tetrahedron Lett., 2005. 46: 6243–6245. 

 

17. Balogh-Hergovich, É. and Speier, G. Catalytic oxidation of alcohols to 

carbonyl compounds with hydrogen peroxide using dinuclear iron complexes. J. 

Mol. Catal. A: Chem., 2005. 230: 79-83. 

 

18. Arends, I. W. C. E. and Sheldon, R. A. Activities and Stabilities of 

Heterogeneous Catalysts in Selective Liquid Phase Oxidations: Recent 

Developments. Appl. Catal. A: Gen., 2001. 212: 175-187. 

 

19. Sheldon, R. A. Fine Chemicals by Catalytic Oxidation. Chemtech., 1991. 566-

576. 

 

20. Opre, Z., Grunwaldt, J-D., Maciejewski, M., Ferri, D., Mallat, T. and Baiker, A. 

Promoted Ru–hydroxyapatite: Designed Structure for The Fast and Highly 

Selective Oxidation of Alcohols with Oxygen. J. Catal., 2005. 230: 406–419. 

 

21. Keresszegi, C., Mallat, T., Grunwaldt, J-D. and Baiker, A. A Simple 

Discrimination of The Promoter Effect in Alcohol Oxidation and 

Dehydrogenation over Platinum and Palladium. J. Catal., 2004. 225: 138–146. 

 

22. Ebitani, K., Ji, H-B., Mizugaki, T. and Kaneda, K. Highly Active Trimetallic 

Ru/CeO2/CoO(OH) Catalyst for Oxidation of Alcohols in The Presence of 

Molecular Oxygen. J. Mol. Catal. A: Chem, 2004. 212: 161–170.  

 

 

 



 

 

64

23. Ji, H-B., Mizugaki, T., Ebitani, K. and Kaneda, K. Highly Efficient Oxidation 

of Alcohols to Carbonyl Compounds in The Presence of Molecular Oxygen 

using A Novel Heterogeneous Ruthenium Catalyst. Tetrahedron Lett., 2002.  

43: 7179–7183. 

 

24. Dalal, M. K., Upadhyay, M. J. and Ram, R. N. Oxidation of Benzyl Alcohol 

using Polymer Anchored Ru (III) Complex as Catalyst. J. Mol. Catal. A: 

Chem., 1999. 142: 325–332. 

 

25. Kluytmans, J. H. J., Markusse, A.P., Kuster, B.F.M., Marin, G.B. and Schouten, 

J. C. Engineering Aspects of The Aqueous Noble Metal Catalysed Alcohol 

Oxidation. Catal. Today, 2000. 57: 143–155. 

 

26. Liotta, L. F., Venezia, A. M., Deganello, G., Longo, A., Martorana, A., Schay, 

Z. and Guczi, L. Liquid Phase Selective Oxidation of Benzyl Alcohol over Pd–

Ag Catalysts Supported on Pumice. Catal. Today, 2001. 66: 271–276. 

 

27. Prati, L. and Porta, F. Oxidation of Alcohols and Sugars using Au/C Catalysts. 

Part 1. Alcohols. Appl. Catal. A: Gen., 2005. 291: 199–203. 

 

28. Chen, J. D. and Sheldon, R. A. Selective Oxidation of Hydrocarbon with O2 

over Chromium Aluminophosphate-5 Molecular Sieve. J. Catal., 1995. 153: 1-

8.  

29. Hayashibara, H., Nishiyama, S., Tsuruya, S. and Masai, M. The Effect of 

Alkali Promoters on Cu-Na-ZSM-5 Catalysts in the Oxidation of Benzyl 

Alcohol. J. Catal., 1995. 153: 254-264. 

 

30. Corma, A., Esteve, P. and Martinez, A. Solvent Effects during The Oxidation 

of Olefins and Alcohols with Hydrogen Peroxide on Ti-Beta Catalyst: The 

Influence of The Hydrophilicity–Hydrophobicity of The Zeolite. J. Catal., 

1996. 161: 11–19. 



 

 

65

31. Jappar, N., Xia, Q. H. and Tatsumi, T. Oxidation Activity of Ti-Beta 

Synthesized by a Dry-Gel Conversion Method. J. Catal., 1998. 180: 132–141. 

 

32. Peyrovi, M. H., Mahdavi, V., Salehi, M. A. and Mahmoodian, R. Oxidation of 

Alcohols with tert-butyl hydroperoxide Catalyzed by Co (II) Complexes 

Immobilized between Silicate Layers of Bentonite. Catal. Comm., 2005. 6: 

476–479. 

 

33. Kuhakarn, C., Kittigowittana, K., Pohmakotr, M. and Reutrakul, V. IBX/n-

Bu4NBr/CH2Cl2–H2O: A New Mild System for Selective Oxidation of 

Secondary Alcohols. Tetrahedron, 2005. 61: 8995–9000. 

 

34. Gomez, R., Lopez, T., Bertin, V., Silva, R., Salas, P. and Schifter, I. Effect of    

Tin Precursor on the Catalytic Properties of Pt-Sn/Al2O3 Sol-Gel Prepared  

Catalysts. J. Sol-Gel Sci and Tech., 1997. 8: 847–849. 

 

35. Hill, J. M. Effect of Tin on The Reactivity of Platinum Group Metals With Light 

Hydrocarbon. Ph. D Thesis. University of Wisconsin-Madison; 1999. 

 

36. Yao, N. S. Synthesis and Characterization of Pt/Sn-MCM-41 Petroleum 

Reforming Catalysts. Ph. D. Thesis. Yale University, 2002. 

 

37. Mal, N. K. and Ramaswamy, A. V. Hydroxylation of Phenol over Sn-Silicalite-

1 Molecular Sieve: Solvent Effects. J. Mol. Catal. A: Chem., 1996. 105: 149-

158.  

 

38. Teraoka, Y., Ishida, S., Yamasaki, A., Tomonaga, N., Yasutake, A., Izumi, J., 

Moriguchi, I. and Kagawa, S. Synthesis and Characterization of Tin Oxide-

Modified Mesoporous Silica by The Repeated Post-grafting of Tin Chloride.  

Micropor. Mesopor. Mater., 2001. 48: 151-158. 

 



 

 

66

39. Mal, N. K., Ramaswamy, V., Ganapathy, S. and Ramaswamy, A. V. Synthesis 

of Tin-silicalite Molecular Sieves with MEL Structure and Their Catalytic 

Activity in Oxidation Reactions. Appl. Catal. A: Gen., 1995. 125: 233-245. 

 

40. Wang, S. P., Ma, X. B., Gong, J. L., Gao, N., Guo, H. L., Yang, X. and Xu, G. 

H. Characterization and Activity of Stannum Modified Hβ Catalysts for 

Transesterification of Dimethyl Oxalate with Phenol. Catal. Today, 2004. 93–

95: 377–381. 

 

41. Wang, X. X., Xu, H. B., Fu, S. Z., Liu, P., Lefebvre, F. and Basset, J. M. 

Characterization and Catalytic Properties of Tin-containing Mesoporous Silicas 

Prepared by Different Methods. J. Mol. Catal. A: Chem., 2005. 238: 185–191. 

 

42. Corma, A., Nemeth, L. T., Renz, M. and Valencia, S. Sn-zeolite Beta as A 

Heterogeneous Chemoselective Catalyst for Baeyer–Villiger Oxidations. 

Nature, 2001. 412: 423 – 425.  

 

43. Corma, A., Navarro, M. T. and Renz, M.. Lewis acidic Sn (IV) Centers-grafted 

onto MCM-41 - as Catalytic Sites for The Baeyer–Villiger Oxidation with 

Hydrogen Peroxide. J. Catal., 2003. 219: 242–246. 

 

44. Corma, A., Iborra, S., Mifsud, M. and Renz, M. Mesoporous Molecular Sieve 

Sn-MCM-41 as Baeyer-Villiger Oxidation Catalyst for Sterically Demanding 

Aromatic and α,β-unsaturated Aldehydes. ARKIVOC, 2005. (ix): 124-132. 

 

45. Sever, R. R. and Root, T. W. Computational Study of Tin-Catalyzed Baeyer-

Villiger Reaction Pathways Using Hydrogen Peroxide as Oxidant. J. Phys. 

Chem. B, 2003. 107: 10848-10862. 

 

 

 



 

 

67

46. Corma, A., Domine, M. E., Nemeth, L. and Valencia, S. Al-free Sn-Beta 

Zeolite as a Catalyst for The Selective Reduction of Carbonyl Compounds 

(Meerwein-Ponndorf-Verley Reaction). J. Am. Chem. Soc., 2002. 124: 3194-

3195. 

 

47. Corma, A., Domine, M. E. and Valencia, S. Water-resistant Solid Lewis Acid 

Catalyst: Meerwein-Ponndorf-Verley and Oppenauer Reactions Catalyzed by 

Tin-beta Zeolite. J. Catal., 2003. 215: 294-304.  

 

48. Ryoo, R., Joo, S. H. and Kim, J. M. Energetically Favored Formation of MCM-

48 from Cationic-Neutral Surfactant Mixtures. J. Phys. Chem. B, 1999. 103: 

7435-7440. 

 

49. Lau, C. G. Synthesis and Characterization of Cubic Mesoporous Molecular 

Sieves MCM-48 from Rice Husk Ash: Physico-chemical Properties and Its 

Catalytic Activity in Acylation. Master Thesis. Universiti Teknologi Malaysia; 

2004.  

 

50. Sing, K. S. W., Everett, D. H., Haul, R. A. W., Moscou, L., Pierotti, R. A., 

Rouquérol, J. and Siemieniewska, T. Reporting Physisorption Data for 

Gas/Solid Systems with Special Reference to the Determination of Surface 

Area and Porosity. Pure & Appl. Chem., 1985. 57 (4): 603-619. 

 

51. Cundy, C. S. and Cox, P. A. The Hydrothermal Synthesis of Zeolites: History 

and Development from the Earliest Days to the Present Time. Chem. Rev., 

2003. 103: 663-701. 

 

52. Taguchi, A. and Schüth, F. Ordered Mesoporous Materials in Catalysis. 

Micropor. Mesopor. Mater., 2005. 77: 1-45. 

 

 



 

 

68

53. Kresge, C. T., Leonowicz, M. E., Roth, W. J., Vartuli, J. C. and Beck, J. S. 

Ordered Mesoporous Molecular Sieves Synthesized by a Liquid-crystal 

Template Mechanism. Nature, 1992. 359: 710-712. 

 

54. Beck, J.S., Vartuli, J. C., Roth, W. J., Leonowicz, M. E., Kresge, C. T., 

Schmitt, K. D., Chu, C. T. D., Olson, D. H., Sheppard, E. W., McCullen, S. B., 

Higgins, J. B. and Schlenker, J. L. A New Family of Mesoporous Molecular 

Sieves Prepared with Liquid Crystal Templates. J. Am. Chem. Soc., 1992. 114: 

10834-10843. 

 

55. Vartuli, J. C., Schmitt, K. D., Kresge, C. T., Roth, W. J., Leonowicz, M. E., 

McCullen, S. B., Hellring, S. D., Beck, J. S., Schlenker, J. L., Olson, D. H. and 

Sheppard, E. W. Development of A Formation Mechanisme for M41S 

Materials. In: Weitkamp, J., Karge, H. G., Pfeifer, H. and Hölderich, W. ed, 

Zeolites and Related Microporous Materials: State of the Art 1994, Stud. in 

Surf. Sci. and Catal. Amsterdam: Elsevier Science. 53-60; 1994 

 

56. Beck, J. S. Method for Synthesizing Mesoporous Crystalline Material. U.S. 

Patent 5, 057, 296. 1991. 

 

57. Huo, Q., Margolese, D. I., Ciesla, U., Denuth, D. G., Feng, P., Gier, T. E., 

Sieger, P., Firouzi, A., Chmelka, B. F., Schuth, F. and Stucky, G. D. 

Organization of Organic Molecular with Inorganic Molecular Species into 

Nanocomposite Biphase Arrays. Chem. Mater., 1994. 6: 1176-1191. 

 

58. Corma, A., Kan, Q., Navarro, M. T., Pérez-Pariente, J. and Rey, F. Synthesis of 

MCM-41 with Different Pore Diameters without Addition of Auxiliary 

Organics. Chem. Mater., 1997. 9: 2123-2126. 

 



 

 

69

59. Choma, J., Pikus, S. and Jaroniec, M. Adsorption Characterization of 

Surfactant-templated Ordered Mesoporous Silicas Synthesized with and 

without Hydrothermal Treatment. Appl. Surf. Sci., 2005. 252: 562-569. 

 

60. Hamoudi, S. and Belkacemi, K. Cubic Mesoporous Silica with Tailored Large 

Pores. J. Porous Mater., 2004. 11: 47-54. 

 

61. Selvam, P., Bhatia, S. K. and Sonwane, C. G. Recent Advances in Processing 

and Characterizaton of Periodic Mesoporous MCM-41 Silicate Molecular 

Sieves. Ind. Eng. Chem. Res., 2001. 40: 3237-3261. 

 

62. Monnier, A., Schüth, F., Huo, Q., Kumar, D., Margolese, D., Maxwell, R. S., 

Stucky, G. D., Krishnamurty, M., Petroff, P., Firouzi, A., Janicke, M. and 

Chmelka, B. F. Cooperative Formation of Inorganic-Organic Interfaces in the 

Synthesis of Silicate Mesostructures. Science, 1993. 261: 1299-1303. 

 

63. Xu, J., Luan, Z., He, H., Zhou, W. and Kevan, L. A Reliable Synthesis of 

Cubic Mesoporous MCM-48 Molecular Sieve. Chem. Mater., 1998. 10: 3690-

3698. 

 

64. Huo, Q., Margolese, D. I., Ciesla, U., Feng, P., Gier, T. E., Sieger, P., Leon, R., 

Petroff, P. M., Schüth, F. and Stucky, G. D. Generalized Synthesis of Periodic 

Surfactant-Inorganic Composite Materials. Nature, 1994. 368: 317-323. 

 

65. Schmidt, R., Stöcker, M., Akporiaye, D., Tørstad, E. H. and Olsen, A. High-

resolution Electron Microscopy and X-ray Diffraction Studies of MCM-48. 

Microp. Mater., 1995. 5: 1-7. 

 

66. Alfredsson, V. and Anderson, M. W. Structure of MCM-48 Revealed by 

Transmission Electron Microscopy. Chem. Mater., 1996. 8: 1141-1146. 

 



 

 

70

67. Carlsson, A., Kaneda, M., Sakamoto, Y., Terasaki, O., Ryoo, R. and Joo, S. H. 

The Structure of MCM-48 determined by Electron Crystallography. J. Electr. 

Microsc., 1999. 48 (6): 795-498. 

 

68. Anderson, M. W. Simplified Description of MCM-48. Zeolite, 1997. 19: 220-

227. 

 

69. Schumacher, K., Ravikovitch, P. I., Chesne, A. D., Neimark, A. V. and Unger, 

K. K. Characterization of MCM-48 Materials. Langmuir, 2000. 16: 4648-4654. 

 

70. Schumacher, K., Grün, M. and Unger, K. K. Novel Synthesis of Spherical 

MCM-48. Micropor. Mesopor. Mater., 1999. 27: 201-206. 

 

71. Øye, G., Sjöblom, J. and Stöcker, M. Synthesis and Characterization of 

Siliceous and Aluminium-containing Mesoporous Materials from Different 

Surfactant Solutions. Micropor. Mesopor. Mater., 1999. 27: 171-180. 

 

72. Roth, W. J.  Synthesis of The Cubic Mesoporous Molecular Sieves MCM-48.  

U. S. Patent 6, 096, 288. 2000. 

 

73. Yu, J., Shi, J., Wang, L., Gao, J. and Yan, D. Synthesis of MCM-48 Under 

Low Surfactant/Silicon Molar Ratio Conditions. J. Mater. Sci. Lett., 2000. 19: 

1461-1464. 

 

74. Sayari, A. Novel Synthesis of High-quality MCM-48 Silica. J. Am. Chem. Soc., 

2000. 122: 6504-6505. 

 

75. Wang, S., Wu, D., Sun, Y. and Zhong, B. The Synthesis of MCM-48 with High 

Yields. Mater. Res. Bull., 2001. 36: 1717-1720. 

 



 

 

71

76. Peña, M. L., Kan, Q., Corma, A. and Rey, F. Synthesis of Cubic Mesoporous 

MCM-48 Materials from The System SiO2:CTAOH/Br:H2O. Micropor. 

Mesopor. Mater., 2001. 44-45: 9-16. 

 

77. Bandyopadhyay, M. and Gies, H. Synthesis of MCM-48 by Microwave-

hydrothermal Process. C. R. Chimie, 2005. 8: 621-626. 

 

78. Wang, L., Shao, Y. and Zhang, J. Short-time Formation of Well-ordered Cubic 

Mesoporous MCM-48 Molecular Sieve with The Aid of Fluoride Ions. Mater. 

Lett., 2005. 59: 3604-3607. 

 

79. Shao, Y., Wang, L., Zhang, J. and Anpo, M. Novel Synthesis of High 

Hydrothermal Stability and Long-range Order MCM-48 with A Convenient 

Method. Micropor. Mesopor. Mater., 2005. 86: 314-322. 

 

80. Wang, L., Shao, Y., Zhang, J. and Anpo, M. Synthesis of MCM-48 Mesoprous 

Molecular Sieve with Thermal and Hydrothermal Stability with The Aid of 

Promoter Anions. Micropor. Mesopor. Mater., 2006. 95: 17-25. 

 

81. Zhai, S., Zheng, J., Zou, J., Wu, D. and Sun, Y. Mixed Cationic-Nonionic 

Surfactants Route to MCM-48: Effect of The Nonionic Surfactant on The 

Structural Properties. J. Sol-Gel Sci and Tech., 2004. 30: 149-155. 

 

82. Chen, F., Song, F. and Li, Q. Mixed Cationic-anionic Templating Route to Al-

MCM-48. Micropor. Mesopor. Mater., 1999. 29: 305-310. 

 

83. Schumacher, K., Hohenesche, C. F., Unger, K. K., Ulrich, R., Chesne, A., 

Wiesner, U. and Spiess, H. W. The Synthesis of Spherical Mesoporous 

Molecular Sieves MCM-48 with Heteroatoms Incorporated into The Silica 

Framework. Adv. Mater., 1999. 11 (14): 1194-1198. 

 



 

 

72

84. Eimer, G. A., Pierella, L. B., Monti, G. A. and Anunziata, O. A. Synthesis and 

Characterization of Al-MCM-41 and Al-MCM-48 Mesoporous Materials. 

Catal. Lett., 2002. 78 (1-4): 65-75. 

 

85. Selvam, P. and Dapurkar, S. E. Tertiary Butylation of Phenol Over 

Mesoporous MeMCM-48 and MeMCM-41 (Me = Ga, Fe, Al or B) Solid Acid 

Catalysts. Catal. Today, 2004. 96: 135-141. 

 

86. Campelo, J. M., Luna, D., Luque, R., Marinas, J. M., Romero, A. A., Calvino, 

J. J. and Rodríguez-Luque, M. P. Synthesis of Acidic Al-MCM-48: Influence 

of The Si/Al Ration, Degree of The Surfactant Hydroxyl Exchange, and Post-

treatment in NH4F Solution. J. Catal., 2005. 230: 327-338. 

 

87. Morey, M., Davidson, A. and Stucky, G. A New Step toward Transition Metal 

Incorporation in Cubic Mesoporous Materials: Preparation and 

Characterization of Ti-MCM-48. Microp. Mater., 1996. 6: 99-104. 

 

88. Ahn, W. S., Lee, D. H., Kim, T. J., Kim, J. H., Seo, G. and Ryoo, R. Post-

synthesis Preparation of Titanium-containing mesopore Molecular Sieves. 

Appl. Catal. A: Gen., 1999. 181: 39-49. 

 

89. Schrijnemakers, K. and Vansant, E. F. Preparation of Titanium Oxide 

Supported MCM-48 by The Designed Dispersion of Titanylacetylacetonate. J. 

Porous Mater., 2001. 8: 83-90. 

 

90. Chang, Z. and Kevan, L. Electron Spin Resonance Evidence for Isomorphous 

Substitution of Titanium into Titanosilicate TiMCM-48 Mesoporous Materials. 

Phys. Chem. Chem. Phys., 2002. 4: 5649-5654. 

 



 

 

73

91. Zhao, W., Luo, Y., Deng, P. and Li, Q. Synthesis of Fe-MCM-48 and Its 

Catalytic performance in Phenol Hydroxylation. Catal. Lett., 2001. 73 (2-4): 

199-202. 

 

92. Selvam, P. and Dapurkar, S. E. Catalytic Activity of Highly Ordered 

Mesoporous VMCM-48. Appl. Catal. A: Gen., 2004. 276: 257-265. 

 

93. Gómez, S., Garces, L. J., Villegas, J., Ghosh, R., Giraldo, O. and Suib, S. L. 

Synthesis and Characterization of TM-MCM-48 (TM = Mn, V, Cr) and Their 

Catalytic Activity in The oxidation of Styrene. J. Catal., 2005. 233: 60-67. 

 

94. Zhao, D. and Goldfarb, D. Synthesis of Mesoporous Manganosilicates: Mn-

MCM-41, Mn-MCM-48 and Mn-MCM-L. J. Chem. Soc. Chem. Commun., 

1995. 875-876. 

 

95. Sakthivel, A., Dapurkar, S. E. and Selvam, P. Mesoporous (Cr)MCM-41 and 

(Cr)MCM-48 Molecular Sieves: Promising Heterogeneous Catalysts for Liquid 

Phase Oxidation Reactions. Catal. Lett., 2001. 77 (1-3): 155-158. 

 

96. Yuan, Y., Cao, W. and Weng, W. CuCl2 Immobilized on Amino-

functionalized MCM-41 and MCM-48 and Their catalytic Performance toward 

the Vapor-phase Oxy-carbonylation of Methanol to Dimethylcarbonate. J. 

Catal., 2004. 228: 311-320. 

 

97. Lou, L. and Liu, S. CuO-containing MCM-48 as Catalysts for Phenol 

Hydroxylation. Catal. Commun., 2005. 6: 762-765. 

 

98. Hartmann, M., Racouchot, S. and Bischof, C. Characterization of Copper and 

Zinc Containing MCM-41 and MCM-48 Mesoporous Molecular Sieves by 

Temperatre programmed Reduction and Carbon Monoxide Adsorption. 

Micropor. Mesopor. Mater., 1999. 27: 309-320. 



 

 

74

99. Shah, P., Ramaswamy, A. V., Lazar, K. and Ramaswamy, V. Synthesis and 

Characterization of Tin Oxide-modified Mesoporous SBA-15 Molecular 

Sieves and Catalytic Activity in Trans-esterification Reaction. Appl. Catal. A: 

Gen., 2004. 273: 239-248. 

 

100. Glusker, J. P., Lewis, M. and Ross, M. Crystal Structure Analysis for Chemist 

and Biologist. New York: VCH Publishers, Inc. 1994 

 

101. Rouquerol, J., Avnir, D., Fairbridge, C. W., Everett, D. H., Haynes, J. H., 

Pernicone, N., Ramsay, J. D. F., Sing, K. S. W. and Unger, K. K. 

Recommendations for The Characterization of Porous Solids. Pure & Appl. 

Chem., 1994. 66 (8): 1739-1758. 

 

102. Haber, J. Manual on Catalyst Characteization. Pure & Appl. Chem., 1991. 63 

(9): 1227-1246. 

 

103. Blake, D. F. Scanning Electron Microscopy. In: Perry, D. L. ed. Instrumental 

Surface Analysis of Geologic Materials. New York: VCH Publishers, Inc. 11-

43; 1990 

 

104. Sinlapadech, S. Photoionization Organic Molecules in MCM-41, Al-MCM-41 

and Metal Contining Al-MCM-41 Mesoporous Materials. Ph. D. Thesis. 

University of Houston; 2003. 

 

105. Hughes, T. R. and White, H. M. A Study of the Surface Structure of 

Decationized Y Zeolite by Quantitative Infrared Spectroscopy. J. Phys. Chem., 

1967. 71: 2192-2201. 

 

106. Emeis, C. A. Determination of Integrated Molar Extinction Coefficients for 

Infrared Absorption Bands of Pyridine Adsorbed on Solid Acid Catalysts. J. 

Catal., 1993. 141: 347-354. 



 

 

75

107. Jones, A. and McNicol, B. D. Temperature-programmed Reduction for Solid 

Materials Characterization. New York: Marcel Dekker, Inc. 1986   

 

108. Skoog, D. A., Holer, F. J. and Nieman, T. A. Principles of Instrumental 

Analysis. Philadelphia: Saunders College Publishing. 1998   

 

109. He, J. Yang, X. Evans, D. G. and Duan, X. New Methods to Remove Organic 

Templates from Porous Materials. Mater. Chem. Phys., 2001. 77 (1): 270-275. 

 

110. Ravikovitch, P. I. and Neimark, A. V. Relations between Structural Parameters 

and Adsorption Characterization of Templated Nanoporous Materials with 

Cubic Symmetry. Langmuir, 2000. 16: 2419-2423. 

 

111. Flanigen, E. M., Khatami, H., Szymanski, H. A. Infrared Structural Studies of 

Zeolite Frameworks. In: Flanigen, E. M. and Sand, L. B. (Eds). Molecular 

Sieve Zeolites. ACS Adv. Chem. Ser., 1971. 101. 201-227. 

 

112. Fejes, P., Nagy, J. B., Kovács, K. and Vankó, G. Synthesis of Tin (IV) 

Silicalites (MFI) and Their Characterization – A Mössbauer and MAS NMR 

Spectroscopy Study. Appl Catal. A: Gen., 1996. 145: 155-184. 

 

113. Mal, N. K., Ichikawa, S. and Fujiwara, M. Synthesis of A Novel Mesoporous 

Tin Phosphate, SnPO4. Chem. Commun., 2002. 112-113. 

 

114. Samanta, S., Mal, N. K., Manna, A. and Bhaumik, A. Mesoporous Tin Silicate: 

An Efficient Liquid Phase Oxidative Dehydrogenation Catalyst. Appl. Catal. A: 

Gen, 2004. 273: 157–161. 

 

 

 

 



 

 

76

115. Chaudhari, K., Das, T. K., Rajmohanan, P. R., Lazar, K., Sivasanker, S. and 

Chandwadkar, A. J. Synthesis, Characterization, and Catalytic Properties of 

Mesoporous Tin-Containing Analogs of MCM-41. J.  Catal., 1999. 183: 281-

291. 

 

116. Chakraborty, B. and Viswanathan, B. Surface Acidity of MCM-41 by In Situ 

IR Studies of Pyridine Adsorption. Catal. Today, 1999. 49: 253-260. 

 

117. Fu, Y., Ma, H., Wang, Z., Zhu, W., Wu, T. and Wang, G. Characterizaation 

and Reactivity of SnO2-doped V2O5/γ-Al2O3 Catalysts in Dehydrogenation of 

Isobutane to Isobutene. J. Mol. Catal. A: Chem., 2004. 221: 163-168. 

 

118. Wang, X. and Xie, Y. Preparation and Characterization of SnO2-based 

Composite Metal Oxides: Active and Thermally Stable Catalysts for CH4 

Oxidation. Catal. Lett., 2001. 75 (1-2): 73-80. 

 

119. Burch, R., Caps, V., Gleeson, D., Nishiyama, S. and Tsang, S. C. Nanoscopic 

Tin-oxygen Linings on Mesoporous Silica as A Novel Catalyst for Organic 

Hydrogen Transfer Reaction. Appl. Catal. A: Gen., 2000. 194 –195: 297–307. 

 

120. Kim, J. M. and Ryoo, R. Disintegration of Mesoporous Structures of MCM-41 

and MCM-48 in Water. Bull. Korean Chem. Soc., 1996. 17 (1): 66-68. 

 

121. Xia, Y. and Mokaya, R. On The Hydrothermal Stability of Mesoporous 

Aluminosilicate MCM-48 materials. J. Phys. Chem. B, 2003. 107: 6954-6960. 

 

122. Boronat, M., Concepción, P., Corma, A., Renz, M. and Valencia, S. 

Determination of the catalytically active oxidation Lewis acid sites in Sn-beta 

Zeolites, and Their Optimization by the Combination of Theoretical and 

experimental Studies. J. Catal., 2005. 234: 111-118. 

 


