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Abstract

Synthesis and application of mesoporous silicate nanoparticles are important greas of
research in many fields such as drug delivery, medicine, catalysis, and optic. The mgthod of
synthesis strongly affects the properties of a product. In this work, the mesoporous silica
nanoparticles were synthesized by means of ‘a hydrogel. The obtained product was
characterized by X-ray diffraction, scanning electron microscopy, and nitrogen physisorption.

The results show that highly ordered mesoporous silica nanoparticles were synthesized by
means of a hydrogel.
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Background

Since the discovery of a new family of mesoporous materials, i.e., M-41 s [1,2], they have
attracted growing attention in scientific research areas. Their potential in many fields such as
catalysis [3], separation [4], optic [5], medicine [6], biology [7], and biotechnology [8] was
investigated by many groups. In some areas such as optic, drug delivery [9], medicine,
biology, and biotechnology, mesoporous silica nanoparticles (MSNs) are very important.
Mesoporous silica could be synthesized in different shapes and morphologies, including thin
films, fibers, and particles in various forms and sizes [10,11]. So far, there have been many
reports in the synthesis of mesoporous silica nanoparticles using various strategies and
reactants. The most common strategies for the preparation of MSNs are (1) stopping patrticle
growth at early stages (high dilution technique), (2) encapsulation by a second surfactant
system, (3) aerosol-based process, (4) confined space synthesis, and (5) reduced condensation
speeds. Each one of the abovementioned methods has advantages and disadvantages [12-15].
Hydrogels were also used for the synthesis of zeolite nanocrystals [16]. However, an
appropriate synthesis must be resulted in small, easily dispersed, and well-ordered silica
particles.



M ethods

Materials and appar atus

Cetylmethylammonium bromide (CTAB), tetraethylorthosilicate (TEOS), agueous ammonia
(25 % w/w), and 2-hydroxymethylcellulose were all purchased from Merck (Whitehouse
Station, NJ, USA). Deionized water was used as a solvent. All chemicals were used as
purchased, and no further purification was performed.

Powder X-ray diffraction (XRD) patterns of synthesized samples were recorded on a Seifert
TT 3000 diffractometer (Ahrensburg, Germany) using Cu fadiation of wavelength
0.15405 nm. Diffraction data were recorded between 1 and 1@t resolution of 0.01°

260 with the scan rate of 0.1 2Ain. Scanning electron micrographs were recorded using a
Zeiss DSM 962 (Carl Zeiss, Inc., Oberkochen, Germany). The samples were deposited on a
sample holder with an adhesive carbon foil and sputtered with gold. Adsorption-desorption
isotherms of nitrogen were obtained at 77 K using a BELSORP instrument (BEL Japan, Inc.,
Toyonaka-shi, Japan). The samples were outgassed at 423 K and 1 mPa for 4 h prior to
measurement was performed. The yield of the method was defined as the weight of the final
product (which assumed is only S)er weight of the Si®@(equivalent with TEOS) in the

initial mixture.

Synthesis

In a typical synthesis, 2.6 g of CTAB was added to 100 g of deionized water and stirred to
give a clear solution. Then 10.5 g of ammonia solution (25 wt.%) was added to this solution.
Then, 10 g of TEOS was added to this solution. At the end of this step, 20 g of 2-
hydroxymethylcellulose solution (15 wt.%) was added to the suspension. The obtained final
suspension was stirred for about 4 h followed by 2 days aging in oven at 373 K. Afterwards,
the precipitate was filtered rather than centrifuged, washed with deionized water, and dried at
373 K overnight. The filtering step was slow and may have taken several minutes. The
obtained product was placed in a muffle furnace and calcined with a heating rate of 1 K/min
to 823 K and held at this temperature for 5 h under air.

Results and discussion

In the synthesis medium of MCM-41 nanopatrticles, 2-hydroxymethylcellulose has a key role
in the production of MCM-41 particles in the nanometer range. It is well known that 2-
hydroxymethylcellulose constructs a three-dimensional cage-like networks (hydrogel) in the
synthesis medium which can act as nanoreactors for the synthesis of MSNs [17,18]. This
phenomenon prevents free diffusion of performed seeds and crystallites of MCM-41 and
favors the production of nanoparticles rather than the agglomerated large particles. The XRD
pattern of the calcined sample is shown in Figure 1. It can be seen that there are at least five
well-defined brag peaks which specify the formation of highly ordered MSNs. The XRD
pattern also revealed that although thermal calcination was applied for the removal of both
CTAB and 2-hydroxymethylcellulose from the as-synthesized sample, the final product still
remains highly ordered. This implies that the final product is very stable against thermal
treatment. Another remarkable result that has not been reported by now is the intensity of
second and third peaks which are about one half of the d100 peak (see Figure 1). This is an
indication of high structural order in the obtained product.



Figure 1 XRD pattern of the calcined MCM-41lnanoparticles.

Figure 2 illustrates the SEM micrograph of the synthesized MCM-41 nanopatrticles. The
order of particle size is ranged from about 60 to 350 nm. The results obtained from this
experiment indicate that the yield of this method is very high up to 95% by weight.

Figure 2 SEM micrograph of MCM-41 nanoparticles.

Adsorption-desorption isotherm of nitrogen that illustrated in Figure 3 shows a type IV
isotherm which is the characteristic of mesoporous materials according to the IUPAC
classification [19]. The adsorption and desorption branches of the isotherm coincide each
other indicating reversible adsorption and desorption of the nitrogen inside the mesopores.
The sharp inflection in the capillary condensation step at which the gas uptake suddenly
occurs over a narrow relative pressure ranges from 3.2 to 3.8 specifying that the MCM-41
nanoparticles have a very narrow pore size distribution. After the capillary condensation step,
the long plateau at higher relative pressures with a low increase in the amount of adsorbed
gas shows that the mesopores are filled at low relative pressure approximately at 0o34. The
plot in Figure 4 provides a comparison between adsorption behavior of the obtained MCM-41
nanoparticles with a known reference material, i.e., macroporous silica. Lack of any deviation
from linearity at low values ais or, in other words; at low pressures indicates the absence of
microporosity. Upward deviation which occurs at highsrvalues is due to the capillary
condensation in primary mesopores.

Figure 3 N, adsor ption/desor ption isotherm of the MCM-41 nanoparticlesat 77 K. Blue
and red lines correspond to the adsorption and desorption branches, respectively.

Figure 4 asplot for the MCM-41 nanoparticles.

At higher pressures, i.e., near to the saturation vapor pressure %), there is very low
deviation from the linearity which is due to the low amount of adsorbed gas in secondary
mesopores and external surface of MCM-41 nanoparticles. High surface area which was
calculated from Brunauer-Emmett-Teller (BET) equation together with the last mentioned
results approve that high quality MCM-41 nanoparticles are synthesized. The textural
properties of the calcined sample are given in Table 1.

Table 1 Textural properties of the calcined MCM-41 nanoparticles

Sser (M*/g)° Vi (cm®/g)” a (nm)° W (nm)° ba (nm)°®

608 0.53 5.1 3.91 1.38

®Specific surface area is calculated by BET equation from the relative adsorption range from
0.05 to 0.25;"total pore volume;‘attice parameter obtained from XRD diffractogram
(20100 V3); “geometrical pore diameter calculated by pressure-independent method:

cdiod pVpl/(1 + pVp)]Y? where W is the pore diameter is equal to 1.213p is the silica
density (2.20 criig), andV, is the mesopore volume which can be obtained either fsom

plot or top of the step of mesopore filling [18]yall thickness obtained by lattice parameter
minus the distance between midpoints of the hexagonal cross section (the latter value is equal
to Wy/1.05).




Conclusions

In this research, we report a novel method for the synthesis of MCM-41 nanopatrticles in a
one-pot procedure using 2-hydroxymethylcellulose as a hydrogel. There is no any increase in
the reaction volume compared with the other methods which applied for the synthesis of the
bulky MCM-41 material. Furthermore, due to the use of inexpensive and nonhazardous
hydrogel, i.e., 2-hydroxymethylcellulose, this method is applicable, straightforward, and easy

for the large scale synthesis of MSNs for industrial use. The yield of this method is not only
very high up to 95% by weight but also results in highly ordered MCM-41 nanoparticles.
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Fig.4. os plot for the MCM-41 nanoparticles.
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