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% Abstract

é Nanomaterials are physical substances with at te@s characteristic
dimension between 1-100nm. Porous inorganic matehiaw good stability
v under extreme physical and chemical conditionsréstingly, both of these
Avvanced Life Sciences characteristics are present in Mesoporous SilicaoN&SN) materials. MSN
materials have a highly regular porous structuréh wiiform pore size, vast
surface areas and superior thermal stability. HeM&N is suitable for a
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various fields.

Introduction peptide / protein delivery, molecular imaging, dmigh-

) 4 . . through put screening or assay.
National Science Foundation (NSF) defines

Nanotechnology, as research and technology develapm

at the atomic, molecular, or macromolecular lewel,

the scale of approximately 1-100nm range, to pewad
fundamental understanding of phenomena and
materials at the nanoscale and to create and use
structures, devices and systems that have novel
properties and functions because of their smalfand

intermediate size (N.S.F, 2000) as biologically useful material.
Synthesis of Mesoporous silica nanomaterial (MSN)

Mesoporous nano materials can be used for
catalysis, separation technology and basic sciete
the interest on this material was created whenai$ w
known for plastic degradation. This overview mginl
describes about the recent advances in syntheasis, p
size adjustment and applications of mesoporousasili
material not only as plastic cracking material blso

According to Salamanca Buentellet al.,

(2005), the term nanotechnology covers almostedist Different types of Synthesis of Mesoporous Silica

of science and engineering. Nanomaterials have been The synthesis of MCM - 41 (Mobil Composition
widely used in biomedical and pharmaceutical fields of Matter) is the initial name given for a series of
like tissue engineering, gene therapy, cheearafhy, mesoporous materials that were first syn#eesby
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Mobil's researchers in 1992. MCM - 41 (Mobil
Composition of Matter No. 41 or Mobile Crystalline
Material) is reminiscent of the synthesis of zeslit
with a self-assembled surfactant molecular array
forming the template. These surfactants are buafied

at a later stage of preparation in order to yidid t
mesoporous MCM-41. Liquid extraction is another
method to recover the surfactant from the as-
synthesized MCM-41, and it allows the surfactaribe¢o
recovered for Depending on extraction
conditions, MCM-41 materials after Kawi and Lai
(2002) claims that Supercritical Fluid Extractid®FE)

can retain their uniform pore-size distribution drigh
surface areas and have a larger pore size than the
calcined MCM-41. The extracted template is also
unmodified and may be reused in future synthe$g S
also allows much faster extraction as compared to
conventional liquid extraction.

Samataet al. (2003) synthesized iron-rich
highly ordered mesoporous Fe-MCM - 41. Zioktlal.
(2004) synthesized templates for MCM-41 mesoporous
molecular sieves using transition metals like coppe
iron, niobium, vanadium and molybdenum. Yaofeng
shaoet al. (2005) synthesized hydrothermally stable
and long range ordered Ce-MCM-48 and Fe-MCM-48
materials. Ying Liet al. (2005) performed direct
synthesis of highly ordered iron-substituted SBA-15
(Fe-SBA-15) material under weak acidic conditions.

reuse.

The concept on microwave heating was
introduced by Zaki Seddegt al. (2002). MCM-41
samples with smaller pore diameters and thinnelswal
were achieved by microwave heating than the mageria
synthesized using conventional heating. They héae a
showed that MCM-41 with all-silica composition
catalyzes the cracking of high-density polyethylene
The cracking activity of the catalyst increaseshwis
crystalinity. MCM-41 with small pore diameter gave
higher activity than that with large pore diameter.
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There are two major pathways by which these
ordered mesoporous materials are synthesized. (i) a
hydrothermal synthesis in which the products
precipitate from inorganic surfactant aqueous smhst
under alkaline or acidic conditions at temperatuass
high as 373 K and (ii) a solvent evaporation metimod
which the source solution is concentrated with the
evaporation of the solvent to form an ordered inaig
surfactant mesostructure. Using these methods small
scale production only can be done.

Whereas Akira Endcet al. (2006), found a
method for large scale and continuous formation of
mesoporous silica. There are two rate processiein
synthesis method (i) the rate of solvent evapamatio
includes the self-assembly of the surfactant nmesell
and (i) the rate of polycondensation of the silica
species. It is considered that the well orderd
mesostructures can be obtained only when these two
rate processes are well balanced. To produce the la
amount of the products within a short time, it is
necessary to evaporate the solvent rapidly without
changing the “balance” of these two methods.

Yeping Xu et al. (2008) have suggested a
novel, fast and environmentally benign synthetic
pathway for the synthesis of pure and functiondlize
mesoporous silica. This pathway employs hyper
branched polyglycerol (PG) with average molecular
weights of 5000 and 6000 g rifohs templating agents.
This low cost template is innocuous, biocompatible,
and works without requiring organic solvents. The
templating mechanism was based on the size of hyper
branched PGs revealed from small-angle neutron
scattering (SANS) measurements. They have shown
that single-particle PG dendrimers that can besaegu
from 2 to 5 nm, which corresponds to molecular
weights of 2,000 to 10,000 gmoThe expected
template size of PG with an average molecular
weight of 6,000 gmdlis around 4 nmbased on SANS
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measurements. As a template, hyper branched PG slowly added into the gelatinous solution under

differs greatly from the surfactants described &bov
Owing to its almost spherical structure, it canfusm
micelles or large-scale clusters. As a result efghod
water solubility of PG, the template can be remolved
water extraction without the need for organic sotse

Different Pore Shapes can be achieved

The presence of organic functional groups in
mesoporous frameworks can modify the hydrophilicity
/ hydrophobicity of pore surface as well as thdame
reactivity of Periodic Mesoporous Organosilicas
(PMOs), which provide the opportunity to tune
mechanical, electronic, and optical properties yddrid
materials with a wide range of applications. Helaad
concentric circular (CC) mesostructured materiath w
pure silica composition have been successfully
synthesized through acid or basic- catalyzed sbl-ge
processes by using chiral or achiral surfactants as
templates and tetraethyl orthosilicate (TEOS) alilso
silicate as silica sources. This discovery is hdlji
understanding the supramolecular cooperative aggemb
of hybrid materials and their structural and morpho
logical evolution, which are important in the fugur
applications of PMO materials (Pei Yuan, 2009).
Ordered mesoporous silicates are synthesized from
various sources like layered silicates and theyuass
in drug delivery formulations (Kresget al., 1992;
Kimura and Kuroda, 2009; Limnellet al., 2011,
Arruebo, 2012 and Kruk, 2012).

Cost effective method of MSN synthesis

Beck et al. (1992) and Qian Zhaet al. (2011)
described a cost effective synthesis method thak §8
of sodium silicate was dispersed into 50 ml desill
water, and 9.11 g of CTAB was dissolved in 50 ml of
distiled water while stirring and warming. A
transparent gelatinous solution was obtained. Aftat
heating was stopped. Then sodium silicate solwtias

vigorous stirring for 10 min and the pH value o€th
mixed solution was adjusted to 11 by drop wise
addition of sulfuric acid (5 Vol %). After stirrinfpr

1 h again, the resulting suspension was transfémted

a 100 ml Teflon-lined stainless steel autoclave \aad
crystallized at 14% for 48 h in an oven. Then the
autoclave was cooled down to room temperature, the
crystalline material was separated by filtratiorheT
obtained sample was washed with distilled water and
dried at 120C for 24 h. The dried sample, denoted as
s-MCM- 41, was heated to 5%D at a heating rate of
2°C/min and calcined at 580 in air for 10 h to
remove template (CTAB), the calcined sample was
designated as MCM-41.

Applications
Biological Applications of MSN

MSN were well tolerated by serological,
hematological, and histopathological examinatiofs o
blood samples and mouse tissues after intravenous
injection (50 mg/kg) (Liet al., 2010).

Drug Delivery

The primordial systems employing MSNs for
drug delivery took advantage of the high surfaeasar
and pore volumes of these silica materials. Guest
molecules are simply adsorbed on the mesopore
surface. No functional group acts as a gate torabnt
the release of the loaded substances. The release w
controlled either by the size or the morphologyttod
pores. Results showed that the MCM - 41 type
mesoporous structure with channel-like pores padaked
a hexagonal fashion was able to load large questitf
drug molecules and release them over a relatizely |
period of time. No significant difference was obhsef
between the release profiles of materials withedéht
pore sizes (Igor Slowingt al., 2007; Yaret al., 2012,
Tang et al., 2012 and Limnelét al., 2011).
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MSN based double drug delivery system

Yannan Zhaat al. (2009) have demonstrated
that phenyl boric acid-functionalized MSN can seage
an efficient co-delivery system for saccharide-
responsive controlled release of insulin and cANMiRe
good biocompatibility, cellular uptake propertiesd
efficient intracellular release of CAMP set up thesis
for future in vivo controlled-release biomedical
applications (Vallet Regi, 2010). MSN based drug
delivery systems are practiced in delivering amies
drugs, siRNA and DNA constructs, membrane
impermeable proteins etc. ( laial., 2007; Xiaet al.,
2009 and Slowingt al., 2007)

Intracellular Delivery of Fluorescent dye

Huichen Guoe al.,, (2011) have made a
research on Hollow Mesoporous Silica Nanoparticles
(HMSNSs) for intracellular delivery of fluorescenyed
They have successfully identified that these HMSNs,
with large pores and high efficacy to adsorb chaigic
such as the fluorescent dye Fluorescein isothicatgan
(FITC), could serve as a delivery vehicle for cohéd
release of chemicals administered into live cells,
opening potential to a diverse range of application
including drug storage and release as well as roktab
manipulation of cells.

Biosensors

According tolgor Slowinget al. (2007) micro
and mesoporous silica provide two important unique
advantages (1)High porosity. The large surface
areas and pore volumes allow the encapsulation /
immobilization of large amounts of sensing molesule
per particle for fast response times and low ditect
limits (2) Optical transparency. This unique feature
permits optical detection through layers of theariat
itself. Because of these advantages, differentstygfe
porous-silica based materials have been employed fo
building biosensors.
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Immobilization of Bioactive Molecules

The immobilization process is very efficient if
the support exhibits high surface area and the aize
the pores is similar or slightly higher than thardeter
of the biomolecule. The pore entrapment can improve
the enzyme activity, because the protein maintains
its native structural integrity. The mesopore safe
materials MCM-41, SBA-15, SBA-16, MSU-X,
synthesized with the common ionic and non ionic
surfactants, does not go beyond 10 nm. This forbids
their use as supports for immobilization of molesul
when their minimum dimension is higher than thaesi
(Giraldoet al., 2008).

Stationary Phase -
chromatography (HPLC)

High performance liquid
Mesoporous silicas are interesting materials as
stationary phases for HPLC due to their high serfac
area and their organized porous structure. Moreover
their content of silanol groups as well as theeroical
and mechanical stability under the chromatographic
operation conditions is similar to those of the
precipitated silica. Mesoporous silica constitutey
loose particles agglomerates selected by sedini@mtat
was the first material used in HPLC. The chemical
nature of the surface and the morphologic and orou
properties determine the efficiency of a given
separation. In order to avoid pressure drop arititée
the flow of the mobile phase through the column,
the particle size of the stationary phase must be
between 3 - 10 mn{Giraldoet al., 2008).

Non Biological Applications of MSN

In addition to biological applications, MSN
play a major role in catalysis, separation, refeand
polymer degradation.

Mesoporous silica in catalysis

The mesoporous materials are ones of the most
promissory catalysts due to their high surfaeaand
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pore volume, besides of the possibility of surface
modification and pore distribution control. The
adequate diffusion of molecules through the catalys
pores allows the direct interaction with the acisiites

on the wall surface, promoting the conversions.
Although it is possible to use the mesoporousasiiitc
basic catalysis, most of the applications found in
literature involve acidic catalysis, which is cadiout

by incorporation of moderate of strong acidic sites
the silica framework. In the last decade an impurta
application corresponds to the use of mesopordigs si
as catalytic support or template for the synthesis
of carbon nanotubes (Davis, 1998; Martinez-Triguero
et al., 1999 and Giraldet al., 2008).

Metal Nanoparticles Confined
materials as Catalysts

in Mesoporous

Jumming Sun and Xinhe Bao (2008) declare
that supramolecular self-assembled porous materials
have opened a new way to get nanopatrticles hosted i
the channels of such materials. Due to the confamm
of uniform pore structures, most of the trappedaiet
nanoparticles could keep their uniformity even rafie
relatively high-temperature process (e.g., high
temperature activation, pre-treatment, etc.). finitely
provided the prerequisite for keeping them highly
dispersed and thus maintaining activity during
catalysis.

Molecular Sieves

Mesoporous silica serves as molecular sieves in
industries like petroleum refineries, air separatand
nuclear waste management. Michale Tsapatsis claims
that fundamental advances in understanding and
controlling growth and predicting their propertiesy
enable the incorporation of these materials inntwer
electric devices, micro reactors, and as corrosion
resistant coatings. Mesoporous silica and other
molecular sieves are made in bulk quantities, agdds
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of structural perfection (defect density), partidize
and shape uniformity, external surface perfectam
purity are compromised.

Refining Industries

According to Bapat al., (2003), mesoporous
silica with large pore size will facilitate the ¥loof
reactant and product molecules in and out of the po
system. Large pore systems are required for shape
selective conversions of bulky molecules in théniefy
industry for the upgrading of heavy fractions, @tidn
of heavy organics from industrial waste waters, snd
the fine chemicals and pharmaceutical manufacturing
Polymer Degradation

Plastics and polythene are unavoidable material
in day to day life. Though the usage of plastics as
packaging, storage, protection materials, it isyver
essential to note that accumulation of such maseoia
the earth crust causes various problems like ififgrt
of the soil, destruction of marine organisms ete t
their very slow biodegradation. The cracking of HDP
had been demonstrated on all-silica MCM- 41 mdteeria
by Zaki Seddegét al. (2002) A fast reaction rate and a
light product composition of mesoporous silica aade
a high catalyst activity for cracking. The product
compositions were different in both catalyst mestiat
and without catalyst reactions. The activity of
mesoporous silica for HDPE cracking has been ajread
published by many researchers. However Zaki Seddegi
et al. (2002) described carbenium ion-mediated
mechanism for the cracking reaction. It has been
claimed that the cracking of HDPE over all-silica
MCM-41 occurs via free radical mechanism and that
the pore structure acts as a reaction vessel igtagil
the free radicals in comparison with thermal cragki
in the absence of a catalyst. Apart from this many
other polymers can be degraded using MSN (Garforth

Arthur et al., 1999).
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Conclusion

In a nutshell, MSN has been noticed in
nanoscience and biomedical science for its veesatil
usage. The biocompatibility nature of MSN draws a
special attention in drug delivery. The porous ref
the material helps to create biosensors, to imnzebil

enzymes and to create stationary phase in HPLC.
Also porous nature makes MSN as molecular sieves.

Apart from this, thermal stability with vast suréaarea

of MSN allows it to be a very good catalyst for
cracking of polymer. Different synthesis methods
including, cost effective methods and methods for
achieving different pore shapes have been discuased
this over view. Finally, MSN is a multiple ability
material which can be used in many branches of
science.

Acknowledgement

Authors gratefully thank all the fellow
colleagues who helped us in reading many artictes o
this area and collected many information’s related
the topic.

References

Arruebo, M. 2012, Drug delivery from structured
porous inorganic materials. WIRBsanomed
Nanobiotechnol., 4 : 16 - 30.

Akira Endo., Yuki Inagi., Satoko Fujisaki., Takuji
Yamamoto., Takao Ohmori. and Masaru

Nakaiwa. 2006. Simple and Rapid Synthesis of

Mesoporous Silica by Vaccum solvent
Evaporation. AIChE.  Journal., 52(3):
1275 - 1277.

Baban, A., Yedilar, A., Cienert, D., Kemerder, Mda
Kettrup, A. 2003. Ozonation of high strength
segregated effluents  from a woolen textile
dyeing and finishing planDyes and pigments.,
58(2): 93 - 8.

IJALS, Vol.4. August - 2012.

ERIEW ARTICLE

Beck, J.S., Vartuli, J.C., Roth, W.J., Leonowicz,
M.E., Kresge, C.T., Schmitt, K.D., Chu,
C.T.W., Olson, D.H. and Sheppard, E.W. 1992.
A new family of mesoporous molecular sieves
prepared with liquid crystal templatels Am.
Chem. Soc., 114 (27):10834 - 10843.

Davis, M.E. 1998, News Horizons for the Use of
Porous Materials as Catalys8udiesin Surface
Scienceand Catalysis, 121:23-32

Garforth, A., Lin, Y.H., Sharratt, P. and Dwyer, J.
1999. Catalytic polymer degradation for
producing hydrocarbons over zeoliteStud.
Surf. Sci. Catal., 121: 197 - 202.

Giraldo, L.F., Lo’pez, B.L., Pe'rez, L., Urrego,, S.
Sierra, L. and Mesa, M. 2008. Mesoporous Silica
Applications,Macromol. Symp., 258 : 129 —141.

Huichen Guo., Haisheng Qian., Shigi Sun., Dehui.Sun
Hong Yin., Xuepeng Cai., Zaixin Liu., Jinyan
Wu., Tao Jiang., Xiangtao Liu. 2011. Hollow
mesoporous silica nanoparticles for intracellular
delivery of fluorescent dyeChemistry Central
Journal., 5: 1.

Igor, I, Slowing., Slowing., Brian, G., Trewyn,
Supratim Giri, and Victor, S.Y. and Lin. 2007.
Mesoporous Silica Nanoparticles for Drug
Delivery and Biosensing ApplicationsAdv.
Funct. Mater., 17: 1225 - 1236.

Junming Sun and Xinhe Bao. 2008. Textural
Manipulation of Mesoporous Materials for
Hosting of Metallic Nanocatalyst€hem. Eur.

J., 14: 7478 - 7488.

Kawi, S. and Lai, M.W. 2002Supercritical Fluid
Extraction of Surfactant from Si-MCM-41.
AIChE Journal., 48(7): 1572 - 1580.

Kimura, T. and Kuroda, K. 2009, Ordered Mesoporous
Silica Derived from Layered Silicatesidv.
Funct. Mater., 19: 511-527.



International Journal of Advanced Life Sciences (IJALS)

Renuka Devi and Dhanalakshmi

Kresge, C.T., Leonowicz, M.E., Roth, W.J., Vartuli
J.C. and Beck J.S. 1992. Ordered mesoporous
molecular sieves synthesized by a liquid-crystal
template mechanismlature., 359: 710 —712.

Kruk, M. 2012. Surface-Initiated Controlled Radical
Polymerization in Ordered Mesoporous Silicas.
Isr. J. Chem., 52: 246-255.

Limnell T., Santos HA., Makila E. 2011, Drug deliye

formulations of ordered and non- ordered
mesoporous silica: Comparison of three
drug loading methodsJ. Pharm. ci., 100:
3294 — 3306.

Lu, J., Liong, M., Li, Z., Zink, J.I. and Tamandt,
2010. Biocompatibility, biodistribution, and
drug-delivery efficiency of mesoporous silica
nanoparticles for cancer therapy in animals.
Small, 6 : 1794 — 1805.

Lu, J., Liong, M., Zink, J.l., Tamanoi, F. 2007,
Mesoporous silica nanoparticles as a delivery
system for hydrophobic anticancer drugs.
Small.,3: 1341 —1346.

Martinez-Triguero, J., Diaz Cabanas, M.J., Camblor
M.A., Fornes, V., Maesen, T.L.M. and Corma
A. 1999. The Catalytic Performance of 14-
Membered Ring ZeolitesJ. of Catalyss.,
182:463.

Michael Tsapatsis. 2009. Molecular Sieves in the
Nanotechnology EraAIChE Journal., 48(4) :
654 - 660.

National  Science  Foundation, = USA.  2000.
Nanotechnology Definition. From http://www.
nsf.gov/crssprgm /nano/reports/omb_nifty50.jsp.

Pei Yuan.2009. Periodic Mesoporous Organo- silicas
with Helical and Concentric Circular Pore
Architectures. Chem. Eur. J., 15: 11319 -
11325.

IJALS, Vol.4. August - 2012.

ERIEW ARTICLE

Qian Zhao., Tingshun Jiang., Changsheng Li and
Hengbo Yin. 2011. Synthesis of multi-wall
carbon nanotubes by Ni- substituted (loading)
MCM-41 mesoporous molecular sieve catalyzed
pyrolysis of ethanolJournal of Industrial and
Engineering Chemistry., 17: 218-222

Salamanca- Buentello, F., Persad, D.L., Court, ,E.B.
Martin, D.K., Daar, A.S. and Singer, P.A. 2005.
Nanotechnology and the developing wotioS
Med., 2: 97.

Samanta, S., Giri, S., Sastry, P.U., Mal, N.K., M&an
A. and Bhaumik, A. 2003, Synthesis and
characterization of iron-rich highly ordered
mesoporous Fe-MCM-41.1nd.Eng.Chem.Res.
42:3012-3018.

Slowing, LI, Trewyn, B.G., Lin, V.S.Y. 2007,
Mesoporous silica nanopatrticles for intracellular
delivery of membrane impermeable proteins.
J. Am. Chem. Soc., 129:8845-8849.

Tang, F., Li, L. and Chen, D. 2012. Mesoporoug&il
Nanoparticles: Synthesis, Biocompatibility and
Drug Delivery.Adv. Mater., 24: 1504-1534.

Vallet Regi, M. 2010, Nanostructured mesoporous
silica matrices in nanomedicinelournal of
Internal Medicine, 267 : 22 — 43.

Xia, T., Kovochich, M., Liong, M., Meng, H., Kabehi
S., George, S., Zink, J.I. and Nel, A.E. 2009,
Polyethyleneimine coating enhances the cellular
uptake of mesoporous silica nanoparticles and
allows safe delivery of siRNA and DNA
constructsACSNano., 10 : 3273 — 3286.

Yan, H., Teh, C., Sreejith, S., Zhu, L., Kwok, &Aang,

W., Ma, X., Nguyen, K. T., Korzh, V. and Zhao,
Y. 2012. Functional Mesoporous Silica Nano
particles for Photothermal Controlled Drug
Delivery InVivo. Angew. Chem. Int. Ed.51 :

8373 — 8377.



International Journal of Advanced Life Sciences (IJALS) ISSN
2277 - 758X

Renuka Devi and Dhanalakshmi IJALS, Vol.4. August - 2012. ENIEW ARTICLE

Yannan Zhao., Brian, G., Trewyn, Igor, I, Slowing  zaki, S., Seddegi., Uwais Budrthumal., Abdulrahman

and Victor S.Y. Lin, 2009. Mesoporous Silica A., Al-Arfaj., Adnan M., Al-Amerc. and Sami,
Nanoparticle Based Double Drug Delivery A.l. Barri. 2002. Catalytic cracking of
System for Glucose-Responsive Controlled polyethylene over all-silica MCM-41 molecular
Release of Insulin and Cyclic AMPJ. AM. sieve. Applied Catalysis. A: General., 225:
Chem. Soc., 131: 8398 — 8400. 167-176.

Yaofeng Shao, Lingzhi Wang, Jinlong Zhang and Ziolek M., Nowak |., Kilos B., Sobczak I., Decyk.,P
Anpo Masakazu. 2005, Synthesis of Trejda M. and Volta J. 2004. Template synthesis
hydrothermally stable and long-range ordered Ce- and characterization of MCM-41 mesoporous
MCM-48 and Fe-MCM-48 materialsThe J. molecular sieves containing various transition
phys. chem B. 109 (44): 20835 — 20841. metal elements-ME (Cu, Fe, Nb, V, Ma),

Yeping Xu., Shangjie Xu., ThomasEmml er., Frank Phys. Chem. Solids,, 65: 571-581.

Roelofs., Christoph Boettcher., Rainer Haag
and Gerd Buntkowsky. 2008. A Novel Green
Template for the Synthesis of Meso- porous
Silica. Chem. Eur. J., 14: 3311 —-3315.

Ying Li., Zhaochi Feng., Yuxiang Lian., Kegiang Sun
Lei Zhang, Guoqing Jia, Qihua Yang, and
Can Li. 2005. Direct synthesis of highly ordered
Fe-SBA-15 Mesoporous materials under weak
acidic conditionsMicroporous and Mesoporous
Materials., 84 : 41— 49.

Corresponding Author : K.G. Dhanalakshmi, Biotechnology Centre, Anna Ursity of Technology Coimbatoreg
Coimbatore — 641 04Email : kgdhana@yahoo.com. © 2012, IJALS. All Rights Reserved.

Int. J. Adv. Lif. Sci., Available online on at www. ijals.com




International Journal of Advanced Life Sciences (IJALS) ISSN
2277 - 758X

Renuka Devi and Dhanalakshmi IJALS, Vol.4. August - 2012. ENIEW ARTICLE




