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Abstract. SiO2/polystyrene nanocomposite particles were synthesized via miniemulsion 

polymerization using sodium dodecyl sulfate (SDS) as surfactant and hexadecane as hydrophobe in 

the presence of silica particles coated with methacryloxy(propyl)trimethoxysilane (MPS) surface 

coupling agent. The silica particles were individually coated with polymer yielding a very 

homogenous nanocomposite latex which was very stable in a wide range of ionic strengths. 

Monomer conversion was reasonably high and fast. 

 

Introduction 

In recent years, several processes have been described to synthesize particles that consist of an 

inorganic core surrounded by a polymer shell. The technique of polymer encapsulation is becoming 

more and more popular since polymer-encapsulated particles show very interesting actual and 

potential applications [1]. Organic/inorganic hybrids offer the possibility of a new generation of 

nanostructured materials with diverse applications such as catalysts, electronic or photonic devices, 

and sensors for volatile organic compounds. Furthermore, the incorporation of inorganic materials 

at the nanoscale level can enhance the fire retardancy and mechanical strength of organic polymers 

and their thermal properties [2]. They are broadly used in manufacture of cosmetics and paints to 

improve the compatibility between the filler and the binder as well as in agriculture and 

pharmaceutical industries to produce controlled-release products. They are used also as barrier 

materials for a multitude of packaging applications [3]. Mixing the two components from 

macroscopic samples is tedious, very energy inefficient, and usually not very successful. This is 

why hybridization at the molecular length scale has been tried already during the synthesis step. 

Heterophase polymerization techniques seem to be ideal to achieve this hybridization, since the 

synthesis is easy, available in wide range of scales, and results in polymer nanoparticles with very 

large interfacial areas to play with [4]. These processes are environmentally favourable due to the 

fact that they take place in water phase and yield relatively high conversions. The design and 

synthesis of nanoscale objects requires a good deal of control over interfaces in order to build up 

and organize the nanostructures. This involves surface modification of the core or shell, for 

instance, using a comonomer in the polymerization to introduce functional groups onto polymers or 

treating inorganic particles with a coupling agent [5]. 

Herein we describe the use of miniemulsion polymerization as a powerful technique to prepare 

homogeneous SiO2/polystyrene nanocomposites. The prepared materials were fully characterized 

and show improved surface properties. This in situ polymerization method can be further adjusted 

to encapsulate different inorganic materials in nanometer scale. 
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Experimental 

The following abbreviations (tab. 1) are used: 

 

Tab.1. Abbreviations used in the text bellow. 

Abbreviation   Description 

S100   commercial silica particles 

S100MPS  silica particles after reaction with MPS 

N100SDS  silica/polystyrene nanocomposite (SDS as a surfactant was used) 

PSSDS   pure polystyrene latex (SDS as a surfactant was used) 

 

Reagents. The water was purified using Sation 8000 and Sation 9000 purification units. The 

coupling agent: 3-methacryloxypropyl-trimethoxysilane (MPS, Acros Organic, 98%) was used as 

received. The monomer: styrene (Aldrich, 99%) was purified over a column of neutral aluminium 

oxide to remove the inhibitor, and stored at 4ºC. The free radical initiator: sodium persulfate (KPS, 

Acros 98%), and the surfactant: dodecyl sulfate sodium salt (SDS, Aldrich) as purchased. The 

colloidal silica particles SYTON HT-50 (Sigma-Aldrich) were used. 

Instrumentation. Dynamic light scattering (DLS) measurements were recorded with a Brookhaven 

ZetaPlus particle size analyzer. The FTIR spectrometry was recorded using a Mattson 7000 FTIR 

instrument. Thermal properties were performed on Shimadzu TGA-50 analyzer and confirmed by 

calcination of sample at 800 
o
C in high temperature muffle. SEM images and EDX spectra were 

obtained using a FEG-SEM Hitachi S4100 microscope operating at 25 kV. Samples were prepared 

on double sided carbon tape and covered with a layer of graphite. 

Preparation of nanofillers (S100MPS). The silica particles S100 were washed to remove the 

stabilizer and dried at 200 
o
C. The SiO2 solid fillers were than dispersed in pure water. Following 

the procedure previously described in the literature [1], an excess of the coupling agent (MPS) 

corresponding to 2.5 times more than the concentration of silanol groups at SiO2 surface, was added 

to the aqueous suspensions. The dispersions were then stirred over 4 days, at room temperature. The 

free, non-reacted MPS was removed from the suspension by dialysis. Typically, 50mL of the 

aqueous S100MPS dispersion was introduced in a regenerated-cellulose membrane tube (Membra 

Cell, Polylabo), and dialyzed against pure water (3000 mL). The extraction of non-reacted MPS 

was monitored by UV/ Visible analysis of the water phase (λmax~206 nm). 

Miniemulsion. For the in situ polymerizations in miniemulsion the procedure was as follows: 

typically (for a 25mL batch) the monomer (styrene) (4.3 mL) was first mixed with the hydrophobe 

hexadecane (0.075 g). Separately, an aqueous solution of sodium dodecyl sulphate (SDS, 0.0575 g) 

containing NaHCO3 (0.0104 g) and S100MPS (0.5 g) was prepared. The organic phase was added 

to this aqueous solution and left under vigorous magnetic stirring over 30 minutes. After this period 

the mixture was sonicated (amplitude 80%, 20 W power, Sonics-Vibracel Sonifier) during 10 

minutes. The stable miniemulsion obtained was transferred to a conventional “jacket” glass reactor 

(30 mL capacity), equipped with a thermostat bath, condenser, mechanical stirrer and nitrogen inlet. 

The reactor content was deoxygenated by purging with N2 for 30 minutes. The temperature was set 

at 70±1ºC. Finally, the initiator potassium persulfate (KPS, 0.01835 g) dissolved in water was 

added to the reaction, setting the zero time of the polymerization. The reaction took place over 4 

hours under mechanical stirring at 400 rpm. After each hour, samples were taken to follow 

gravimetrically the conversion of the monomer. The final conversion was around 83%. After 

polymerization, the free latex particles were separated from the composite particles by successive 

centrifugation and redispersion into water to obtain the pure colloidal composite particles. The 

operation was repeated until the serum was no longer turbid. For comparison purposes a pure 

polystyrene latex was prepared following an identical recipe. 
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Results and discussion 

SiO2/polystyrene nanocomposites were prepared by the in situ miniemulsion polymerisation 

approach. The SiO2 nanoparticles were previously modified with MPS, a functional alcoxysilane, 

that is expected to react with the silanol groups at the surface of the nanoparticles by establishing 

silane Si-O bonds as illustrated in fig. 1. The double bond on the other side of the molecule is active 

during the process of free radical polymerisation, and the polymer chains will grow from the surface 

of the nanoparticles resulting in polymer encapsulated nanocomposites. The final reaction 

conversion after 4 h was 83 %. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Schematic description of the reaction process. 

 

The S100 particles were characterized by DLS (fig. 2). The particle size oscillates around 92 nm 

depending on ionic strength of the used KCl aqueous solution. 
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Fig. 2. Particle size measurement by DLS as a function of ionic strength. 

 

The size of final N100SDS measured by DLS reaches values approximately of 105 nm (fig. 2). No 

significant influence of ionic strength on the particle size was observed within the concentration 

region of the aqueous solution of KCl between 10
-1
 – 10

-6
 mol/l which indicates the system is highly 

stable. This data are in good agreement with SEM images of S100 particles (fig. 3). 
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Fig. 3 SEM image of S100 silica nanoparticles after removing stabilizer and drying. 

 

The attachment of MPS to the SiO2 fillers was assigned by FT-IR analysis. Although the spectra are 

dominated by the strong absorption bands of silica (νO-H=3348 cm
-1
; νO-Si=1103 cm

-1
and δSi-O-Si=472 

cm
-1
), for the S100MPS nanoparticles it was possible to detect the characteristic νC=O vibration 

mode of MPS at 1714cm
-1
. As regards the nanocomposite particles N100SDS besides the bands 

previously attributed to modified silica, the presence of polystyrene shell was confirmed by 

detection of the aromatic νC-H=3100-3000 cm 
-1
, aliphatic νC-H=3000-2800 cm 

-1
, and aromatic νC-C 

and aliphatic δCH2=1520-1430 cm 
-1
 vibration. Fig. 4 shows the SEM image of a typical 

nanocomposite particle. 

 
Fig. 4 SEM image of a typical N100SDS particle (magnification 100000 X) 

 

Besides FTIR, thermal gravimetric analysis was used to characterise the final nanosomposite 

particles. The mass loss as a function of Temperature for samples S100, S100MPS, N100SDS and 

PSSDS are shown on fig. 5. TGA curve of S100 particles does not show any significant change up 

to 800
o
C except for a 4% around 150 

o
C which can be ascribed to physically and/or chemically 

bonded water. The presence of MPS in S100MPS particles can be detected by the signal with onset 

at 300 
o
C, and the inflection at 380 

o
C corresponding to a mass loss of 12 %. As regards samples 

PSSDS and N100SDS surprisingly the onset is registered at 300 
o
C for both samples indicating that 

the presence of the silica in the nanocomposite did not alter the decomposition temperature of the 

polystyrene. Whilst only 1% residue was registered for PSSDS the residue for N100SDS was 20%. 
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Fig. 5. TGA plots of S100, S100MPS, N100SDS and PSSDS particles. 

 

FTIR analyses of the residue confirmed it consisted of silica. Calcinations in a muffle up to 800 
o
C 

under identical thermal gradient confirmed mass losses of all above studied samples achieved 

identical results. The results of three separated calcination experiments were averaged to obtain one 

representative value of mass loss. The higher than expected SiO2 content on the nanocomposites 

20% as opposed to 10% used in the recipe may be explained by incomplete monomer conversion, 

formation of some free polystyrene particles (which were removed) as well as the experimental 

errors involved in TGA analyses and in the determination of monomer conversion. No pure silica 

uncovered particles were observed by SEM imaging of N100SDS. The silica content was detected 

on the nanocomposite powder prepared on carbon double sided tape using EDX. 

 

Conclusions 

SiO2/polystyrene nanocomposite was prepared by the in situ miniemulsion polymerisation approach 

yielding homogenous nanocomposites and the monomer conversion was reasonably high and fast. 

The presence of polystyrene was detected using FTIR, TGA, calcination and SEM imaging. TGA 

and EDX confirmed the silica content in the final nanocomposite as well as FTIR of its calcinated 

residue. Particle size of the nanocomposite is around 105 nm whilst the size of commercial silica sol 

is 92 nm indicating that each silica particle is individually coated. This fact is an important result as 

in most publications the encapsulation of more than one particle is admitted. The nanocomposite 

latexes are very stable in a wide range of ionic strengths. The barrier properties of these materials 

are now under current investigation in our laboratories. 
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