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Graphical abstract

A novel mesoporous silica with high surface area and ordered porosity has been developed using
N-methylamino POSS and dichloro methylsilane.
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A successful method has been demonstrated for thgnshesis
of mesoporous organic-inorganic nanohybrid using ame
functionalized polyhedral oligomericsilsesquioxane(POSS)
wand pluronic polymer as silica precursor and structire
directing agent, respectively. The results confirmedthe
presence of porous structure, along with the highusface area
and uniform pore size distribution which can be utiized for
various applications namely catalysis, drug-deliver etc.

15 Porous materials with well-ordered porous structeceives a lot
of attention in these days owing to their uniqueperties such as
high surface area, ordered pores, highly activaiteal functional
groups, and high hydrothermal stabifityThese excellent
physical properties help us to tap the potentighete materials

20 for various applications including catalysis, desstion, sensor,
adsorption, drug delivery, hyperthermia, theramssti etc?
Therefore, several techniques have been adoptehviop novel
synthetic protocols for the fabrication of well-eréd
mesoporous materials and this process resultedeirdiscovery

25 Of series of novel class of porous materials. A benof efforts
are also directed towards the control of the stmectand
properties of these exciting materials as they Ipaiietermine
the application possibility of the materials. Agesult, various
strategies have been developed and implemented adifym

s Structural and textural properties of mesoporouscasivia
different silica precursors, structure directinger@y and co-
solventd along with the different synthesis conditions intihg
ageing time, solution pH, synthesis and calcinatenperatures,
etc’ The choice of silica precursor plays a major rite

35 determining the structure and texture of mesoponmaserials
because the chemistry of silica offers a flexiltlgeswhich paves
the way for a better control of mesostructuratiBtany sources
of silica precursors have been utilized by the aedeers like
tetraalkylortho silicates, aromatic fluorinated amgsilane,

a0 sodium silicate, aminopropyltrialkoxysilanes, &tc.

Polyhedral oligomericsilsesquioxane (POSS) belottgghe
class of interesting material which consists of—€5+ inorganic
inner framework that is surrounded by organic nieget This
material possesses interesting features like srsile (1-3 nm§,

4s zero-dimensionality, high mechanical strength, dityi etc.,
which permits the expansion of the horizon for application of

this material to a variety of fields including nhemical,
chemical, optical and biomedicalRecent studies revealed the
synthesis of hybrid POSS matrices utilizing différpolymers or
so by using different cross linkers such aSKL, Me,Si—-0O-SiMg,
etc.® The suitability of a material for a particular &pation is
highly dependent on the functionality and also lo@ &ssociated
properties like high surface area, ordered pordustsire, etc.,
and hence, the usage of potential monomers forteanisig the
ss desired silica frame work becomes highly signific&ew reports
by various researchers, relies on the use of POBiShware
terminated with vinyl & aminophenyl groups by uilig
triethoxysilane& 1,4-bis(triethoxysilyl) benzene e®ss-linkers.
A detailed literature survey revealed that, onljee works of
e0 this kind are available and it is also noteworthgttthis is the
first of its kind to use —NMgterminated POSS & CJSiHCI, as
silica source for making mesoporous framewbflis hybrid
mesoporous POSSmaterial is highly biocompatible and-
toxic, and hence it can be imbibed for various riedical
es applications like drug-delivery, theranostics, etc.

As for our knowledge, this current work on thetbysis of M-
POSS using amine terminated POSS (A-POSS) asa siurce
and pluronic P-123 as a structure directing agette first of its
kind. Here, Dicholoromethylsilane (GBiHCI,) has been used as

o a cross linker for the integration of POSS moietyd ahe
structure directing agent (P-123). The synthesimexboporous
organic-inorganic nanohybrid has been characterizesthg
Fourier-transform infra-red spectroscopy (FT-IR) asiticon
magic angle spinning nuclear magnetic resonancetreigeopy

75 (*°Si-MAS-NMR) to elucidate the nature and coordinatidrthe
framework structures while the textural propertlesve been
obtained by using Mphysisorption analysis and field emission
transmission electron microscopy (FE-TEM).

FE-TEM images of both the as-synthesized M-POSSthe

s0 solvent extracted M-POSS are shown in Fig. la & 2b,
respectively. The micrographs showed the formatibftake like
morphology in both as-synthesized and solvent etdch
samples, revealing that the process of solvenaetktn does not
play any significant role in controlling the morpbgy of the

ss samples. However, the pores are more clearly digderin the
sample extracted with the solvent compared to $heyathesized
M-POSS, and this may be attributed to the remof/@luronics,
which is the structure directing agentin the solwetiraction step

This journal is © The Royal Society of Chemistry [2014]
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and therefore the empty pores. The solvent extlaswmple  of structure directing agent (P-123). This confirthst even
shows uniform pores which are almost similar tot tbh the though the POSS compound is one of the largestceoaf
samples prepared using the pluronic P-123 surfaetad other  silica(1-2 nm), it could be easily modified as fr@me of meso-
silica sources such as tetraethylorthosilicate. pbee size was  channels.

s calculated from the FE-TEM image and was founddgaalound 4 Fig. 2 shows the FT-IR spectrum of as-synthesizgdagd
2—4 nm, approximately. solvent extracted (b) M—POSS. The presence of ptienrbands
at 1300, 875 and 760 ¢htonfirms the Si—CHlstretching while
an intense broad band arises at 1100 @attributed to the Si—
O-Si stretching in both the samples. The solvetraeted sample

s shows a sharp band at 2200 tmhich corresponds to the Si-H
stretch whereas a weak band is observed at the wamsumber
in the case of as-synthesized sample. The as-synéidesample
shows alkyl band stretching in between 2800—3008 winich is

If

£ 2 due to the presence of structure directing agergreds, the
‘%:ZZ . T |4 so solvent extracted sample shows only wQhnbrella stretching
& 350 ; ::15 and that may be assigned to the sQdnnecting moiety (-O-
%300 % 10 SI(CHg)(H)—O—) in POSS.
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Fig. 1 Transmission electron micrographs of as-synthesized (a)& solvent Fig. 2 FT-IR spectra of as-synthesized (a) and solvent extracted (b) M-
extracted (b) M-POSS, nitrogen physisorption (c) & BJH isotherms (d) of 55 POSS.

solvent extracted M-POSSand powder XRD patterns of as-synthesized (A)
& solvent extracted (B) M-POSS.

The nature and coordination of the organic-inoigan

15 Nitrogen adsorption-desorption measurement wad fesethe  framework in the wall structure of the M-POSS wanalysed by
determination of textural parameters of the samplamely  the CP MAS™C and?*Si NMR spectroscopy and the results are
specific surface area, specific pore volume and ghee size ¢ shown in Fig. 3. In*C—NMR spectrum (Fig. 3A), a signal is
distribution. Fig. 1c & 2d shows the nitrogen agimn—  clearly observed at O ppm which corresponds to-tle; that is
desorption isotherm and BJH isotherm of solventaeted M- present in the connecting moiety of POSS in M-PQSS—

20 POSS, respectively. The sample displays type Ithesm with a  Sj(*CHg)(H)—-O-). This was also further confirmed by the-IRT
sharp capillary condensation step at a higherivelgiressure,  spectroscopy. On the other hand, #&-NMR spectrum shows
which indicates the presence of mesoporosity insti@ple. A 4 the chemical shifts at ~34.2, —65.0, —100.0, ar@B-2Lppm (Fig.
hysteresis loopH4) at a relative pressuf@P, of 0.4 to 0.6 was ~ 3B). The signals obtained at —34.2 & —65.0 ppm are @ the
also seen which may be ascribed to the presentecodporosity  silica species connected with alkyl group. The p&ak65.0 ppm

2sin the mesoporous structure along with the distidou of may be attributed to —O—Si*H(GH-O- in the M-POSS whereas
uniform pores resulted by the agglomerated pldtefiarticles.  the peak at —34.2 ppm may be due to the presenfreet-Si*—
The BET surface area derived from the isotherm d¥esn ;, O-N(Me), in the M-POSS moiety. The chemical shift for —Si—

extracted material is found to be 75G/gn The pore size was present in the POSS moiety of M-POSS was receited @0.0
calculated from BJH was found to be 2.25 nm, whighin and —109.2 ppm and this can be very well assigngde —Si*(—

30 consistent with the pore diameter obtained from FieTEM 0Si), and —Si*(—OSi-O-SiH(CH;) — , respectively.
analysis (Fig. 1b). Moreover, a sharp diffractioeak was
observed at &) 1.1°, 1.9° & 2.0° in the powder XRD
patterns(Fig. 1e), which reveals the presence dered
mesoporosity in the M-POSS. But, the as-synthesinaterial
3s doesn’t show any peak and this may be attributetiggresence

2|New Journal of Chemistry, [2014], [vol], 00-00 This journal is © The Royal Society of Chemistry [2014]
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Fig. 4 Determination of drug loading efficiency of M-POSS using the
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Preparation of mesoporous POSS

A-POSS was synthesized in accord to the procedeperted

previously®® Initially,  tetramethylammonium  hydroxide,

- 3s methanol, and deionized water were mixed togetbiéovied by
-100 dropwise addition of tetraethoxysilane under nigog

i -109.2 b atmosphere. The product obtained was separatedugiiro

-34.2 filtration. Mesoporous POSS was synthesized as showrig. 5.

Briefly, 4 g of P-123 was dissolved in 40 g of dermd water

. " L h ! a0 and 40 g of 2N HCI. The reaction mixture was stirffed4 h at

-300 -200 -100 0 100 40 °C in order to get a clear solution. 4 g of silmrecursor (A-
POSS) along with the equal molar ratio of crosein
(CH3SIHCL,) was added to the reaction mixture. The ageing
process was carried out in an autoclave at 80 °@. fiftal as-

45 synthesized product was filtered and then washegrmve P-

s Finally, the drug loading ability of M-POSS wasatmated 123 and dried at 80 °C. The structure directing pely was
using hydrophobic Ibuprofen as a model drug anghiswn in remove(_j by solvent extraction method which wa_smarout at_
Fig. 4. The loading of model drug Ibuprofen in M-E®shows a 100°C in ethanol and concentrated HCI medium. Thal fin
time-dependant increase up to 6 h and then it getsrated product. was .separated out through filtration andshed
further. The maximum percentage loading of Ibuptoie M- % sgquentlally with ethanol gnd water and represeaselsﬂ-POSS.

10 POSS was found to be 95% within 6 h due to theemes of T inally, the sample was dried and characterized.
associated special features in M-POSS such asshidhce area
and ordered porosity along with hydrophobicity.

In conclusive, we demonstrated a successful sgighef a

2gj chemical shift (ppm)

Fig. 3 CP MAS "C and ’Si-NMR of solvent extracted M-POSS.

As- synthesued POSS

novel mesoporous organic-inorganic nanohybrid usingew
15 POSS based silica precursor through the self-adgeshbrganic TEOS Moo S‘jmg"”:;e’ s00 00
structure directing agent pluronic P-123 and caupliagent ;‘Z"\:Z:—’ Memz; 4 sipow;
Cl,SiH(CHz). This hybrid material possesses a high surfaea ar Mo 0~ SbNMe‘/W eE:
along with uniform pore size distribution. FE-TEMdanitrogen 5'“ F;';;;gd& J;;;g;gn
physisorption revealed that the pores are hightiemd and the o
20 pore diameter of the material is in the range & 2 nm. It also N \ / orpdhl - gwe ‘"T_ 06900000 ¢
showed an efficient 95% of drug loading ability hiit 6h. Stirred at 40 °C for 4 h
Moreover, the presence of active N-methyl functiibies makes P-123-+ H;0+ 2N HCL
it suitable for replacing with any organic moietigdbese features ST

create an excellent platform for designing a senésnovel
25 organic-inorganic hybrid nanostructures and thall Wwave a .

major contribution for a wide variety of applicai® such as in @ ~ross o siHCH)- o NMe, O Pazz Q) Pores

chiral separation, filtration, catalysis, drug-gely etc., Fig. 5 Schematic representation depicting the synthesis of M-POSS.
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