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Silica nanoparticles were synthesized using trimethoxyvinylsilane (TMVS) as silica precursor and butanol
as solvent by micelles entrapment approach. Addition of tween 80 as anionic surfactant and NH3 as base
catalyst controlled the size of silica nanoparticles. The aim of this study is to investigate the effect of
synthesis parameters on the size of silica nanoparticles. For this purpose, reaction temperature, butanol
and TMVS were changed during synthesis process and their effects on particle size were investigated.
Various sizes of silica nanoparticles in the range 28 — 168 nm were synthesized by changing the synthesis
parameters. The size of silica nanoparticles increases by increasing the synthesis temperature and
amount of butanol. The influence of the changing the reaction temperature from 30 °C to 70 °C, the
particles size increase from 28.91 nm to 113.22 nm. Similar trends observed by addition the amount of
butanol, the particle size increases from 44.43 nm to 103.50 nm. From TEM observations, increasing the
amount of TMVS in the range 1 mL, 3 mL and 5 mL produced bimodal structures with mean average size
of 26.39nm, 24.60-56.78 nm and 51.48 - 167.79 nm, respectively. The particle size of silica
nanoparticles were analysed using Malvern Zetasizer Nano ZS while the shape and diameter of the silica
nanoparticles verified using transmission electron microscope (TEM). TEM images showed the almost
spherical in shape of silica nanoparticles were produced.

1. Introduction

Nanoparticles have been intensively researched during the last few decades due to their unique properties
and potential application in medicinal and therapeutic world such as drug delivery system. Nanoparticles
provide immense technological advantages to be used as drug carriers as nanoparticles have high carrier
capacity, high drugs stability, high surface to volume ratio, tunable size for targeted delivery and
controllable release of molecules (Gelperina et al., 2005).

Nanoparticles-based drug delivery system is hundreds and thousands times smaller than human cells but
is similar to large biomolecules size such as enzymes and receptors. It improves drug bioavailability, has
minimal side effects, reducing toxicity to the organ and lower cost production (Chiang et al., 2011). Silica
has been widely studied for drug delivery system based on its properties like non-toxic, biocompatible,
highly stable and porous in structure (Slowing et al., 2008).

The controllability of the silica particle size for drug delivery system is paramount because the particle size
strongly affects the efficiency of endocytosis, sensing as well as drug and release. The body distribution of
colloidal drug delivery system is mainly influenced by two physicochemical properties, particle size and
surface characteristics (Jahanshahi et al., 2008). Hence, it is important to develop a research method that
able to tune the size of the nanoparticles towards the targeted drug delivery system. The size of
nanoparticles can be tuned by changing synthesis variables (i.e. temperature, silica precursor and butanol
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concentration). According to (Chou and Chen, 2003), the effect of various parameters plays an important
role on the particle size.

In general, silica can be synthesized by different methods such as sol-gel process, micro-emulsion,
reverse micelles and surfactant templates. In this present work, micelles entrapment approach was used
which has advantages of enhance drug solubility, prolong circulation blood half-life, selective accumulation
at tumor sites and possesses lower toxicity (Wab et al., 2012). In this study, reaction temperature, amount
of butanol and amount of trimethoxyvinylsilane was changed in a wide range during synthesis process to
investigate their effects on the particle size of silica nanoparticles.

Particles sizes of nanoparticles are measured by two methods, that is, Zetasizer Nano ZS and TEM
observation in this study. When we used both methods for the same sample and found that the particle
size measured by Zetasizer was always larger than the particle size from TEM observation. In addition,
there are several measurements from Zetasizer for the same sample which gives at least two peaks
appear in the figure of the particle size distribution which was due to the agglomeration of silica
nanoparticles in the solution. Therefore, to determine the true particle size of silica nanoparticles, we
chose to use the measurement from TEM observation. To avoid such an error argument, since TEM only
looks at a discrete portion (not the whole part) of the sample, we took at least five portions for one sample
in TEM measurement. For comparison in determining the accuracy of particles size, the results from
Zetasizer and TEM was presented in Table 1.

2. Experiment

2.1 Materials

The materials required for the synthesis of silica nanoparticles are described as follows. Tween 80 -
viscous liquid, trimethoxyvinylsilane (TMVS 98% pure), and rifampicin were obtained from Aldrich. Butanol
(99% pure), and ammonium hydroxide solution 5M (31.5% NHspure) were obtained from Fischer
Scientific. All these chemicals were of analytical grade and used without any purification. De-ionized water
(18.2 Q cm) was used in this study.

2.2 Preparation of Silica Nanoparticles

Silica nanoparticles were prepared by micelles formation approach. First, 5.5 mL tween 80 was dissolved
in 200 mL of de-ionized water. The mixture was stirred for 15 minutes before 200 yL of prepared NH3
(1 mL NHj3 solution was dissolved in 1 mL de-ionized water) was added to ensure the pH is maintain in the
range 9 - 11. Then, butanol was poured into the mixture and continuously stirred for five minutes. The
mixture was then transferred into a preheated reactor at the set temperature and continuously stirred at
320 rpm for one hour. After that, the prepared rifampicin drug solution ( 0.0839 g of rifampicin dissolved in
1.5 mL methanol) was added into the above mixture and continuously stirs under the same condition. After
an hour, trimethoxyvinylsilane (TMVS) as silica precursor was added. The mixture was left overnight with
continuously stirred at 320 rpom and maintain with the set temperature, which yield a total volume of
250 mL. The effect of synthesis temperature, butanol and TMVS on the particle size of silica was
investigated. The produced silica was then subject to dialysis process for five days to remove the excess
substances. Finally, the sample will then be collected in the bottle and stored in the refrigerator until further
test.

2.3 Characterization of silica nanoparticles

The characterization of particle sizes were carried out using a particle size analysizer, Zetasizer Nano ZS
(Malvern Instrument) while the images of the samples were also checked optically using Philips CM12,
120 kV, transmission electron microscopy (TEM) system. To prepare samples for TEM analysis, a drop of
silica nanoparticles was placed on a copper grid coated with carbon and left it for three minutes at room
temperature. Then, the grid is inserted to the slot of TEM ready for analysis.

3. Result and Discussion

In the present study, a systematic study was carried out by changing a wide range of reaction temperature,
amount of butanol and amount of TMVS during synthesis process and the results are discussed. Varying
synthesis parameters will give the different sizes of silica nanoparticles. The main parameters and the
particle size distribution are summarized in Table 1.
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Table 1: The synthesis parameters affecting particle size

Parameters T(°C) BuOH(mL) TMVS (mL) er\t/aeerge? (Sl:ri) MeaT”EFI’\?r(t'ﬁ'ri)s'ze
30 31.41 28.91
50 60.25 53.68
Temperature 60 6 2 76.42 6154
70 140.60 113.22
4 47.64 44.43
Amount of Butanol 50 8 2 66.75 67.67
12 109.30 103.50
1 28.66 26.39
Amount of TMVS 50 6 3 57.05 24.60-56.78
5 156.9 51.48 - 167.79

The term particle sizes in this paper refer to the average diameter of the silica particles. The average
diameter of the silica particles which are almost spherical were determined based on the diameter of about
a hundred particles from the TEM micrographs for each sample as illustrated in Figure 1.

Figure 1 represents the effect of temperature on size of silica nanoparticles as mentioned in Table 1. The
amount of butanol was varied between 4 mL and 12 mL under the experimental conditions 50 °C
temperature and 2 mL TMVS. The particles sizes increased with increasing butanol as observed in
Figure 2. Varying the amount of TMVS between 1 mL to 5 mL under the experimental conditions 50 °C
temperature and 6 mL butanol leads to produce bimodal size distribution as stated in Table 1. Figure 3
represents the effect of TMVS on size of silica nanoparticles.

3.1 Effect of temperature on size of nanoparticles

The reaction temperature changed between 30 °C and 70 °C and the results were given in Table 1. While
the amount of butanol and the amount of TMVS was kept constant as 6 mL and 2 mL, respectively. In
these conditions, the silica nanoparticles with mean particle size in the range 28.91 — 113.22 nm were
obtained according to transmission electron microscopy results. Particle size generally increased with an
increase in the reaction temperature. As noticed in Figure 1, the monodisperse and uniform-sized silica
nanoparticles were obtained when temperature increased.

Figure 1: TEM images of silica nanoparticles prepared at (a) 30 °C, (b) 50 °C, (c) 60 °C and (d) 70 °C at
fixed experimental conditions
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From Figure 1 (a), silica particles of minimum average size of 28.91 nm under TEM measurements were
obtained at 30 °C. The silica nanoparticles with maximum mean particle size of 113.22 nm were obtained
at 70 °C as shown in Figure 1 (d). The high temperature promotes the hydrolysis and rate of condensation
reaction (Zawrah et al. 2009). At high temperatures, the ammonia gets evaporated easily in the reaction
mixture causes an increase of particle size (Rao et al.,, 2005). Hence, the high reaction temperature
achieves less agglomeration compared to at low temperature as illustrated in Figure 1. There was
significant change in the mean particle size was observed at higher temperature.

3.2 Effect of butanol on size of nanoparticles

In order to investigate the effect of butanol amount on the particle size of silica nanoparticles, the amount
of butanol was changed during synthesis process. When the amount of butanol was changed at 4 mL,
8 mL and 12 mL, the silica nanoparticle with average size of 44.43 nm, 67.67 nm and 103.50 nm was
produced, respectively. As can be seen from Figure 2, increasing the butanol amount presented the
uniform and larger size of silica nanoparticles. Figures 2 (d) shown silica particles of maximum average
size of 103.50 nm were obtained at 12 mL butanol while maintaining other parameters. The spherical and
agglomerated silica nanoparticles were obtained using a lower amount of solvent as seen in Figure 2 (a).
This may indicate that the solvent have interactions with silanol groups (Si-O-H) in the formation of silica
nanoparticles. The particle size increases with increasing the chain length of the alcohol. Therefore, the
butanol serves an important role as solvent in affecting the size of silica nanoparticles. However, different
solvents have different effect on the size of the particles (Tabatabaei et al., 2006).

- i o rr— ]

Figure 2: TEM images of silica nanoparticles with varying BuOH amount; (a) 4 ml, (b) 6 ml, (c) 8 ml and
(d) 12 ml at fixed experimental conditions.

3.3 Effect of silica precursor on size of nanoparticles

Trimethoxyvinylsilane (TMVS) was used in this study to investigate the effect of silica precursor on the size
silica nanoparticles. The TMVS amount was changed between 1 mL and 5 mL and amount of butanol was
used as 6 mL at the set temperature, 50 °C based on the previous study in literature (Wab et al., 2012).
When the amount of TMVS increased, the particle size distribution changed from monodispersed to
bimodal distributions as shown in Figure 3. It can be seen clearly in Figure 3 (c) and (d) that small
secondary particles were formed with increasing TMVS amount. However, the particle size distribution
difficult to measure at the lowest amount of TMVS since the structure of monodispersed silica was not
spherical formed. A plausible explanation is that when silica precursor reaches a certain size at the
induction period, TMVS become excess in the limiting reactant leads to rapid hydrolysis of silica precursor.
Therefore, because of the excess of silica precursor, condensation reactions produced the new nuclei
among the grown silica particles as called heterogeneous or bimodal distribution (Yuan et al., 2010). From
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Table 1, zetasizer and TEM indicates the size of silica nanoparticles increased from 26 to 168 nm. In the
part of study, the amount of TMVS of 2 mL was taken as it gives the best nanoparticles formation while
other parameters were kept constant as indicated before.

Figure 3: TEM images of silica nanoparticles with varying TEVS amount; (a) 1 mL, (b) 2 mL, (c) 3 mL and
(d) 5 mL at fixed experimental conditions.

4. Conclusions

Spherical silica nanoparticles with various sizes have been synthesized by micelles entrapment approach.
This research investigated the effect of synthesis parameters on particle size of silica nanoparticles. At
fixed experimental conditions (320 rpm agitating, pH 9 - 11, 200 mL water and 5.5 mL tween 80) of this
method, all of three synthesis parameters showed their influential upon the average size of silica
nanoparticles. It was found that the average size of silica particles depend on the proportion of the
reactants. By adjusting the reaction temperature, the silica nanoparticles with average size of 28.91 nm —
113.22 nm were obtained. Butanol also has much influence on the size of silica nanoparticles. The silica
nanoparticles become larger and uniform with average size of 44.43 nm — 103.50 nm when the amount of
butanol changed from 4 mL, 8 mL, and 12 mL. Meanwhile, the increase of silica precursor leads to
produce bimodal structures. An increase the amount of TMVS in the value of 1 mL, 3 mL and 5 mL, the
average size of silica nanoparticles were obtained as 26.39 nm, 24.60 — 56.78 nm, and 51.48 - 167.79 nm,
respectively. As a result, varying their parameters during the synthesis process give the different sizes of
silica nanoparticles entrapped rifampicin.

Acknowledgement

The authors gratefully acknowledge for technical support from School of Chemical Engineering and
Institute for Research in Molecular Medicine (INFORMM), Universiti Sains Malaysia (USM). This research
was financially supported by Research University Cluster Grant (1001/PSF/861001) and Research
University Grant (1001/PJKIMIA/814140).



2250
References

Gelperina, S., Kisich, K., Iseman, M. D. & Heifets, L. 2005. The Potential Advantages of Nanoparticle Drug
Delivery Systems in Chemotherapy of Tuberculosis. Am J Respir Crit Care Med 172, 1487—-1490.

Huihui Yuan, Feng Gao, Zhigang Zhang, Lede Miao, Ronghua Yu, Hongli Zhao & Lan, M. 2010. Study on
Controllable Preparation of Silica Nanoparticles with Multi-sizes and Their Size-dependent
Cytotoxicity in Pheochromocytoma Cells and Human Embryonic Kidney Cells. Journal of Health
Science, 56, 632-640

K.S. Chou & Chen, C. C. 2003. Preparation and Characterization of Monodispersed Silica Colloids.
Advances in Technology of Materials and Materials Processing Journal, 5, 31-35.

Kota Sreenivasa Rao, Khalil EI-Hami, Tsutomu Kodaki, Kazumi Matsushige & Makino, K. 2005. A Novel
Method for Synthesis of Silica Nanoparticles. Journal of Colloid and Interface Science, 289, 125-
131.

M Jahanshahi, G Najafpour & Rahimnejad, M. 2008. Applying the Taguchi Method for Optimized
Fabrication of Bovine Serum Albumin (BSA) Nanoparticles as Drug Delivery Vehicles. African
Journal of Biotechnology 7, 362-367.

Slowing, 1. I., Vivero-Escoto, J. L., Wu, C.-W. & Lin, V. S. Y. 2008. Mesoporous Silica Nanoparticles as
Controlled Release Drug Delivery and Gene Transfection Carriers. Advanced Drug Delivery
Reviews, 60, 1278-1288.

Tabatabaei, S., A Shukohfar, R Aghababazadeh & Mirhabibi, A. 2006. Experimental Study of the
Synthesis and Characterisation of Silica Nanoparticles via the Sol-Gel Method J. Phys.: Conf.
Ser., 26 371.

Wab, H. A., Zakaria, N. D., Aziz, A. A. & Razak, K. A. 2012. Properties of Amorphous Silica Entrapped
Isoniazid Drug Delivery System. Advanced Materials Research 364, 134-138.

Y-D Chiang, H-Y Lian, S-Y Leo, S-G Wang, Y. Yamauchi & Wu, K. C.-W. 2011. Controlling Particle Size
and Structural Properties of Mesoporous Silica Nanoparticles Using the Taguchi Method. J. Phys.
Chem. C, 115, 13158-13165.





