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ABSTRACT – In this study, silica nanoparticles entrapped with rifampicin has successfully been
synthesized by using micelles entrapment approach. The goal of this study is to investigate the
effects of synthesis parameters; surfactant (Tween 80), solvent (water) and stirring rate on the
particles size and distribution of silica nanoparticles entrapped rifampicin. The results showed that
without surfactant, larger mean particles (176.4 nm to 207.70 nm) of silica nanoparticles were
produced while uniform and smaller spherical particles sizes (42.37 nm -70.44 nm) were formed
with the addition of surfactant. But, when the amount of surfactant increased from 3.0 g to 9.0 g,
larger silica nanoparticles with uniform size and thinner walls were observed until critical micelle
concentration (CMC) of surfactant equivalent to 11.0 g was reached. The effect of water content
shows the particle size slightly increased from 55.92 nm to 56.99 nm when the water content was
increased from 150 mL to 200 mL, and decreased rapidly from 56.99 nm to 18.55 nm as the amount
of water was increased from 200 mL to 350 mL. Meanwhile, for the effect of stirring rate, the mean
particles sizes were recorded in the range of 39.11 to 80.15 nm. The largest size was observed at
the lowest stirring rate (120 rpm) and the smallest size was observed at the highest stirring rate
(520 rpm). The significant effect of these synthesis parameters can be used in developing a rational
basis in tuning the size of silica nanoparticles for drug delivery system
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INTRODUCTION
Recently, the advancement of nanoparticles with unique chemical and physical properties for drug delivery system
(DDS) application has been well established. Previously, these DDS encounter serious limitations, such as high dose
requirement, low bioavailability and off-target effects (Sen & Kettiger, 2018). The innovative use of nanoparticles has
transformed the formulation and delivery of drug (Rizvi & Saleh, 2018). Nanoparticles are solid, colloidal particles with
size range from 10 nm to 1000 nm; nevertheless, for nanomedical application, the preferential size is below than 200 nm
(Biswas et al., 2014). It is prominent that the efficacy of most DDS is directly associated with particle size. Because of
their small size and large surface area, drug nanoparticles have received more attention as they can be tailored for targeted
delivery of drugs, improve bioavailability and provide a controlled release of drugs from a single dose (Zhang & Saltzman,
2013).
Numerous types of nanoparticles have been used as a carrier for DDS such as solid lipid nanoparticles (SLN), carbon
nanotubes, polymeric nanoparticles, metal nanoparticles, ceramic nanoparticles and dendrimers, (Hughes, 2005; Arayne
& Sultana, 2006; Abhilash, 2010). Among several DDS tested, silica nanoparticles have emerged as a new generation of
inorganic platforms for biomedical application (Zhou, 2018). Silica nanoparticles have been highlighted because of its
unique characteristics such as high mechanical strength, biocompatibility, resistance to microbial attack in a biological
system and good chemical stability (Rosenholm et al., 2010). Besides, the precise structure of silica nanoparticles and the
capability to change their surface have made them best candidates for DDS (Jisha et al., 2012, Wang et al., 2009). Other
than that, most DDS are invented from silica due to the inexpensive cost and simple preparation. (Chen et al., 2012).
Many types of silica have been used for DDS such as silica aerogel, silica xerogel, core-shell silica, sol gel-based
silica, mesoporous silica, and colloidal silica (Dorcheh & Abbasi, 2008; David et al., 2009; Finnie et al., 2009; Lu et al.,
2010; Soyoung Lee et al., 2011; Tan et al., 2011). Usually, silica nanoparticles were synthesized from sol-gel process like
Stober method, spray drying methods, sacrificial template and micelle formation approach (Bagwe et al., 2004; Ibrahim
et al., 2010; Ge et al., 2009; Wab et al., 2012). Silica nanoparticles with controllable particle size and well-defined
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morphology can be prepared depending on the synthesis method. By applying these flexible functionalization methods,
versatile silica nanoparticles are prepared and used as drug delivery agents through various mechanisms.
The properties of silica nanoparticles are affected by numerous synthesis parameters (Rahman et al., 2007). Therefore,
in this work, the effects of synthesis parameters such as surfactant (Tween 80), solvent (water) and stirring rate on the
particles size and distribution of silica nanoparticles was systematically studied. Most researches using poorly water
soluble drugs like anti-inflammatory agents such as Ibuprofen and naproxen as drug model in the system. Thus,
rifampicin, which is a poorly water soluble drug for tuberculosis was used as a drug model in this study. The micelles
entrapment approach was used to synthesize the silica nanoparticles entrapped rifampicin. This approach has advantages
of enhance drug solubility, prolong circulation half-life and possesses lower toxicity (Husseini & Pitt, 2008). The drug
molecules are trapped temporarily inside silica matrix by physical means rather than chemical binding and easily
dissociated because its electrostatic attraction between silica and drugs is weak (Vallet-Regi et al., 2001).

MATERIALS AND METHODS
Chemicals
Silica precursor (trimethoxyvinylsilane TMVS -98% pure), surfactant (Tween 80) and drug (Rifampicin) were
purchased from Sigma-Aldrich Co. (MO, USA). Co-solvent (2-butanol-99 % pure) and 10 M ammonium hydroxide
(31.5% NH3 pure) were obtained from Fischer Scientific (Fairlawn, NJ). Solvent (deionized water) used in the study was
generated by using Millipore filtration system (operating at 18.2 MΩ cm).
Preparation of silica nanoparticles
Micelles formation approach has been used to prepare the silica nanoparticles. Tween 80 was dissolved into 6 mL of
2-butanol, deionized water and ammonium hydroxide. Then, the solution was transferred into a 50 °C preheated bioreactor
and then continuously stirred. Rifampicin drug and 2 mL of TMVS was further added into the preheated bioreactor and
the medium was left overnight for 20 hours. The effect of Tween 80 (3.0 g- 11.0 g), water content (150 mL -350 mL) and
stirring rate (120 rpm -520 rpm) on the particle size were investigated. Samples were characterized post dialysis process
for five days.
Analysis and characterization of silica nanoparticles
The hydrodynamic diameter of the silica nanoparticles was determined by dynamic light scattering (DLS) method
using Zetasizer Nano ZS from Malvern Instrument. The particle size was analysed using a dilute suspension of
nanoparticles in deionized water. The particle size represents the average size of silica nanoparticles. Transmission
electron microscopy (TEM; Philips, model CM12, Eindhoven, Netherlands- operated at 120 kV) has been used capture
the images of the silica nanoparticles. A droplet of silica nanoparticles sample has been transferred on a carbon-coated
copper grid for TEM observation. The sample was allowed to dry for three minutes at room temperature. Then, the grid
is observed with TEM without being stained. The images were taken at a number of random positions on the grid. ImageJ
Version 1.43 software has been used to measure the diameter of nanoparticles. The size of the nanoparticles was calculated
from the TEM images using an average of 100 particles for all samples.

EXPERIMENTAL RESULTS
Effect of surfactant (Tween 80)
Effects of surfactant to the particle size distribution of silica nanoparticles entrapped rifampicin are shown in Figure
1(a)- (f). From Figure 1(a), it can be seen that without the addition of surfactant, non-uniform and bimodal particle size
distribution with large and small size of silica nanoparticles has been produced. However, when the amount of amount of
surfactant was added with increment from 3.00 g to 9.00 g, the particle size distribution was also increased from 42.37
nm to 70.44 nm as can be observed from Figure 1(b)-(e). This condition revealed the formation of thinner walls and large
uniform size of silica nanoparticles with the addition of surfactant. The addition of surfactants increases the size because
the adsorbed surfactant layer has provided a hydrophobic microenvironment at the silica surface and thus led to the
formation of a stable micelle structure (Wang et al., 2007). The micelles began to form when surfactant reaching critical
micelles concentration (CMC). The CMC is the minimum amount of surfactant required to form micelles (Owena et al.,
2012). Unfortunately, Figure 1(f) shows that the particle size decreased at 11.0 g of surfactant. This suggested at this
point the amount of surfactant surpasses the optimum amount needed for the formation of silica nanoparticles, so the
viscosity of the aqueous solution reduced and formed small spheres as supported by Chen et al., (2010).
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Figure 1. TEM images and histograms of particle size distribution of silica nanoparticles entrapped rifampicin at
different amount of Tween 80: (a) 0 g, (b) 3.0 g, (c) 5.5 g, (d) 7.0 g, (e) 9.0 g and (f) 11.0 g
Effect of solvent (water content)
Hydrolysis of silica precursor is a prolonged reaction; thus catalysts are needed to increase the rate of reaction. In this
study, ammonium hydroxide (NH4OH) is used as a catalyst to enhance the hydrolysis and condensation of silica precursor
in an alcoholic medium. NH4OH was added to ensure the pH is maintained in the range of 9 to 11. Besides the catalyst,
water also plays an important role as a solvent in this process. In order to study the effect of water content on the size of
synthesized particles, the amount of water was varied from 150 mL to 350 mL and the other variables were kept constant.
The results of the effects are shown in Figure 2 (a-e). The particle size slightly increased from 55.92 nm to 56.99 nm
when the water content increased from 150 mL to 200 mL. Surprisingly, the particle size decreased rapidly from 56.99
nm to 18.55 nm as the amount of water is increased from 200 mL to 350 mL. This is in agreement with the finding from
by Rao et al. (2005) as it is revealed that high amount of water encourages high nucleation rate and consequently led to
the formation of smaller-sized silica particles
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Figure 2. TEM images and histograms of particle size distribution of silica nanoparticles entrapped rifampicin at
different volume of water: (a) 150 mL, (b) 200 mL, (c) 250 mL, (d) 300 mL and (e) 350 mL
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Effect of stirring rate
Figure 3 (a-e) shows the effect of stirring rate to particle size distribution of the silica nanoparticles entrapped
rifampicin. The stirring rates were varied from 120 rpm to 520 rpm by adjusting the digital stirrer at the reactor vessel.
From all the figures, it can be seen that the particle size decreased with the increased of stirring rate. When the stirring
rate increased from 120-520 rpm, the particles decreased from 80.15 nm to 39.11 nm as shown in Figure 3 (a-e).
Furthermore, at higher stirring rate, the structures of the particles were found not to be in well spherical shape and bimodal
distribution. These findings suggested that higher stirring rate enriches the hydrolysis rate of silica precursor, producing
more silica particles at the initial stage of the reaction while lower stirring rate may hinder the hydrolysis of silica
precursor in the emulsion system and led to formation of larger particle size (Yokoi et al., 2009). Similar findings have
been observed by Zawrah et al. (2009).
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Figure 3. TEM images and histograms of particle size distribution of silica nanoparticles entrapped rifampicin at
different stirring rate: (a) 120 rpm, (b) 220 rpm, (c) 320 rpm, (d) 420 rpm and (e) 520 rpm

CONCLUSION
In this study, various sizes of spherical silica nanoparticles entrapped rifampicin were successfully produced by using
the micelle formation approach. The results showed that without surfactant, larger mean particles (176.4 nm to 207.70
nm) of silica nanoparticles were produced while uniform and smaller spherical particles sizes (42.37 nm -70.44 nm) were
formed with the addition of surfactant. But, when the amount of surfactant increased from 3.0 g to 9.0 g, larger silica
nanoparticles with uniform size and thinner walls were observed until critical micelle concentration (CMC) of surfactant
equivalent to 11.0 g was reached. The effect of water content shows the particle size slightly increased from 55.92 nm to
56.99 nm when the water content was increased from 150 mL to 200 mL, and decreased rapidly from 56.99 nm to 18.55
nm as the amount of water was increased from 200 mL to 350 mL. Meanwhile, for the effect of stirring rate, the mean
particles sizes were recorded in the range of 39.11 to 80.15 nm. The largest size was observed at the lowest stirring rate
(120 rpm) and the smallest size was observed at the highest stirring rate (520 rpm). To conclude, within the scope of this
study, the results demonstrated that particles size and distribution of the silica nanoparticles entrapped rifampicin is highly
dependent on the surfactant (Tween 80), solvent (water content) and stirring rate. These results can be used in developing
a rational basis to tune the size of silica nanoparticles in order to be used as a drug carrier system.
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