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ABSTRACT

A series of long chain pyridinium based ionic liquids 1-tetradecylpyridinium bromide,
1-hexadecylpyridinium bromide and 1-octadecylpyridinium bromide were used as templates
to prepare silica coated mesoporous silica nanoparticles via condensation method under basic
condition. The effects of alkyl chain length on particles morphology were primarily studied.
The materials were characterized by X-ray diffraction, transmission electron microscopy and
nitrogen adsorption-desorption. Analysis indicates that the particles obtained were in spherical
shape with decreasing size as the alkyl chain length of ionic liquid increases. The materials
also show increase of BET surface value as the alkyl chain length increases from the range 19
m?/g to 23 m*/g.
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1. INTRODUCTION

Porous materials have become more important due to its properties and according to [UPAC
classification, materials with pores with diameter less than 2 nm, between 2 and 50 nm and
more than 50 nm are defined as micropores, mesoporous and macroporous respectively [1-2].
Among all of these porosity types, the focus falls on mesoporous material ever since the
reported findings by Mobil Oil Research regarding a new family of ordered mesoporous silica
materials which was named M41S in the year 1992 [1,3]. The rise of the field nanotechnology
helps in development of mesoporous materials to mesoporous nanoparticles. One of
nanoparticles develop is mesoporous silica nanoparticles (MSNs). This material is favourable
due to the easy tailoring ability of this material which can suit many potential applications such
as catalyst, absorbent, separation and biomedical application [2, 4-5]. In the formation of
MSNs, the synthesis uses surfactant’s micelle as structure directing agent to form
mesostructure. The surfactant’s micelle which can be refer as the template is then removed
either via acid-assisted-solvent extraction or calcination and the space occupy by it form
channels in the material [6]. Currently, the most commonly used template are anionic
surfactants such as quaternary ammonium salts and polymers [2], and this has given
opportunity to other materials to be a template in MSNs synthesis.

Ionic liquids (Ils) can be defined as salts with melting point below the boiling point of water [7].
The first ionic liquid was first reported in the year 1914 with melting point of 12 °C [6, §]. Ils
are well-known in the field of green chemistry due to their properties such as essentially zero
vapour pressure, high thermal stability and nonflammibility which minimize air pollution
compared to organic solvents [2, 9-10]. It consists of anions and cations which is similar to the
core component anionic surfactant used in MSNs synthesis. Therefore, there is potential in
utilizing Ils as templates.

In these recent decades, several researchers have reported the realization of Ils as template in
mesoporous materials synthesis. Imidazolium based Ils are of particular interest especially the
long chain as it has the tendency to self-assemble which is preferable in development of ordered
mesoporous materials [11]. In [12] reported the wusage of a series of
1-alkyl-3-methylimidazolium chloride (C,MimCl where n = 10,14,16 and 18) in the preparation

of highly ordered lamellar silica via nanocasting technique and it show microporosity with ca.
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1.2 nm-1.5 nm. In another work, two types of mesopore structures which are the MCM-41 and
MCM-48 type were generated by using 1-hexadecyl-3-methylimidazolium chloride as template
via hydrothermal synthesis [11]. Although most works focus on long chain Ils, in [2,12]
reported synthesis of mesoporous silica using 1-butyl-3-methylimidazolium tetrafluoroborate
(C4sMimBF,) through new mechanism proposed known as hydrogen bond-co-m-m-stack
mechanism. Despite all these advancements, there were no report on the usage of Ils in the
synthesis of silica coated MSNs.

Herein, we present a new synthesis approach to prepare silica coated MSNs (SMSNs) by using
pyridinium-based Ils as template. In addition, the effect of Ils chain length on silica coated

MSNs were also investigated.

2. MATERIALS AND METHODS

2.1. Materials and Reagents

All chemicals used in the experiments were of analytical grade and used without further
purification.

2.2. Syntheses

2.2.1. Synthesis of Pyridiniumlls

The pyridiniumlls were prepared according to [13-14]with some modifications.
1-tetradecylpyridinium bromide (C;4PyBr), 1-hexadecylpyridinium bromide (C,cPyBr) and
1-octadecylpyridinium bromide (C;sPyBr) were obtained by reacting pyridine (33 mmol) with
1-bromotetradecane (40 mmol), 1-bromohexadecane (40 mmol) and 1-bromooctadecane (40
mmol) respectively in ethanol (10 mL), at 110 °C under reflux condition for 24 hours. The
products obtained were purified by dissolving it in minimum amount of acetonitrile and
precipitated using diethyl ether. The solids obtained were further dried under desiccants to
remove excess solvent. C;4PyBr H' NMR (DMSO dq): § 0.78 — 0.81 (t, J = 6.85 Hz, 3H), 1.22
— 1.23 (m, 22H), 1.85 — 1.88 (m, 2H), 4.57 — 4.60 (t, J = 8.00 Hz, 2H), 8.11 — 8.14 (m, 2H),
8.56 — 8.59 (t, J = 8.00 Hz, 1H), 9.11 — 9.12 (m, 2H). C;,PyBr H' NMR (DMSO dq): & 0.78 —
0.81 (t, J = 6.86 Hz, 3H), 1.18 — 1.22 (m, 26H), 1.85 — 1.88 (m, 2H), 4.57 — 4.60 (t, J = 8.05
Hz, 2H), 8.11 — 8.14 (m, 2H), 8.56 — 8.59 (m, 1H), 9.11 — 9.12 (m, 2H). C;sPyBr H' NMR
(DMSO dg): 6 0.78 — 0.81 (t, J = 6.86 Hz, 3H), 1.19 — 1.23 (m, 30H), 1.85 — 1.88 (m, 2H),
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4.57 — 4.60 (t, J = 8.05 Hz, 2H), 8.11 — 8.14 (m, 2H), 8.56 — 8.59 (m, 1H), 9.11 — 9.12 (m,
2H).

2.2.2. Synthesis of SMSNs

The synthesis method was adapted and modified from [5,15]. IIs (0.05 g), triethanolamine
(0.06 g), sodium acetate trihydrate (0.12 g) were dissolved in deionized water (20 mL). The
mixture was stirred at 400 rpm and was maintained at 95 °C for 1 hour. Tetraethylorthosilicate
(1.5 mL) was added dropwise with the rate of 1 mL/min. After continuous stirring for 1 hour
at 95 °C, the mixtures were cooled to room temperature. The products were collected via
centrifugation at 6000 rpm for 15 minutes and washed with ethanol several times to remove
excess reactants. The final products were dried in the oven at 55 °C for 24 hours. The products
were named C14-SMSNs, C16-SMSNs and C18-SMSNs according to Ils C4PyBr, C;sPyBr
and C;gPyBr respectively.

2.3. Characterization and Instrumentations

The Nuclear Magnetic Resonance (NMR) spectra for 'H were recorded on JEOL EXC500 FT.
Deuterated dimethyl sulfoxide (DMSO) was used as solvents for all Ils. Powder X-ray
diffractogram were collected on Brucker D8 Discover using Cu Ka radiation over a 26 range
of 1-9° at a scan rate of 1°/min. Transmission electron micrographs (TEM) were recorded on
Tecnai G2 F20 operating at 200kV. Samples were dispersed in ethanol under ultrasonication
for 20 minutes. One droplet of suspension was applied to a 400-mesh carbon-coated copper
grid and dried in air. BET surface area, average pore volume and average pore diameter of the
SMSNs were measured by physisorption of N, at 77 K over a Micromeritics ASAP 2020.
Before measurement, the samples were degassed at 200 °C for 6 hours to remove moisture

and adsorbed gas.

3. RESULTS AND DISCUSSION

Target pyridiniumlls were prepared according to the standardized method. In this method,
ethanol was used as solvent to reduce the viscosity of the solution during the reaction. Desired
pyridiniumlls were formed through alkylation reaction between pyridine and

bromoalkaneswith different alkyl chain length (Scheme 1)[14] as presented in Fig. 1.
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Fig.1.Scheme 1: Synthesis of pyridiniumlls
SMSNs were prepared through modified method of previous research [5,15]. The target
materials were obtained through condensation reaction with tetracthylorthosilicate as silica
source and pyridiniumlls as template under basic condition. In this reaction, both
triethanolamine and sodium acetate trihydrate serve as catalyst. Furthermore, triethanolamine
serve a few other purposes as well such as silicate species complexing agent and encapsulator
which causes the particles produce to be in spherical shape [16]. SMSNs were then
characterized using XRD and the diffractogram of the three samples are shown in Fig. 2. It
exhibit no peaks at low angle which show that all the SMSNs lack of specific ordering and the

materials obtained were amorphous[2,17].
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Fig.2. XRD diffractogram of (a) C14-SMSNs, (b) C16-SMSNs and (¢) C18-SMSNs
TEM was employed to study the morphological and the internal structure of the particles. The
micrograph show that all the synthesized SMSNs obtained were in spherical shape. It also
found that porosity form are in uniform size with no large pores. The pores are in wormlike
shape and aligned towards the centre of the particles. It is noted from Fig. 3, the presence of

non-porous silica layer surrounding the particles.
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Fig.3.TEM of Cn-SMSNs materials (a) C14-SMSNs, (b) C16-SMSNs, (¢) C18-SMSNs and (d)
size trend of Cn-SMSNs materials

The formation of this silica layer was due to excess of silica source as its concentration is
higher than the template concentration [18]. The particles size of the SMSNs can also been
determined from the TEM micrograph which are 300 nm, 161nm and 137 nm for C14-SMSNSs,
C16-SMSNs and C18-SMSNs respectively. It can be deduced that as the alkyl chain length of
pyridiniumlls increase, the particles size decreases. The reason for this observation was due to
the differences of critical micelle concentration (CMC) between different alkyl chain lengths
of pyridiniumlls. Longer alkyl chain length has lower CMC value thus in the solution more
nuclei form which lead to the formation of the smaller particles of SMSNs[19-20].

Fig4 shows the nitrogen sorption data of samples C14-SMSNs, C16-SMSNs and
C18-SMSNS and from the figure, all the samples exhibit type II isotherm. According to
ITUPAC classification for silicate mesoporous materials, type I isotherm represent non-porous
or macroporous materials [21]. However, it can be concluded that the materials obtained were
non-porous which is agreeable to the TEM images whereby the presence of non-porous silica

layer present surrounding the particles. High volume adsorped at high relative pressure might
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be due to the interparticle spaces.
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Fig.4. Nitrogen adsorption-desorption isotherm of samples C14-SMSNs, C16-SMSNs and
C18-SMSNs

Table 1 tabulated the rate of sorption analysis, BET surface area, pore volume and BJH
average pore diameter. As the alkyl chain length of pyridiniumlls increase, the BET surface
area value increase. This is concurrent with the particles size whereby surface area increase
with the decrease of particle size. The pore volumes for all the SMSNs were very low, which
is below 0.05 cm’ /g. Typical mesoporous materials have high surface area and pore volume
value. Low surface area and pore volume value indicate that the materials synthesised were
not mesoporous and this further proves the presence of non-porous silica layer. The BJH
average pore diameter value obtained were closed to 100 A which is relatively high and this
was due to interparticle spaces.

Table 1. Sample and nitrogen sorption data

Sample BET Pore Volume BJH Average Pore
Surface Area (mZ/g) (cm3/g) Diameter (A)
C14-SMSNs 19.91 0.0495 99.44
C16-SMSNs 22.43 0.0457 81.43

C18-SMSNs 23.64 0.0618 97.08
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4. CONCLUSION

In summary, silica coated mesoporous silica nanoparticles have been successfully synthesised.
Based on the experimental result, SMSNs obtained were in spherical shape and the particles
size decrease as the alkyl chain length of the pyridiniumlls increase. All the materials obtained
exhibit Type II isotherm which represent non-porous materials. Low BET surface area and
pore volume indicate that the materials were non-porous which is agreeable to the TEM

images that show the presence of non-porous silica layer.
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