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Introduction
During the past decade, there have been widespread research efforts to develop architecture and fabrication of core-shell composite 

materials and hollow spheres of nanometer to micrometer size with special physical and chemical properties. They have demanding 
applications in pharmaceuticals, biology, optics, catalysts, and drug delivery.

In this study, Stober's method was used to synthesize PS core/SiO2 shell particles The dependences of the SiO2 shell structural parameters, 
including the width, roughness, uniformity, continuity, and porosity, on the conditions of its formation (pH, tetraethylorthosilicate (TEOS) 
concentration, reaction time, and the concentration and molecular weight of polyvinylpyrrolidone (PVP)) were determined. 
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ResultsMethods

Process I was the polymerization of styrene and polystyrene (PS) 
particles formation.
Process II Preparation of the polyvinypyrrolidone (PVP) solution 
that contained the PS particles.
Process III Sol-gel reaction to form the silica shell on the surface 
of the PS particles by adding TEOS into the PS-PVP dispersion. 
Process IV Calcination of the coated PS particles to remove the 
templates.
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Transmission electron microscopy images of hollow silica 
spheres obtained by calcination of core-shell particles 
synthesized at different c(TEOS): (a) - 0,05, (b) – 0,2, (c) – 0,4 M

I. The silica shell thickness increases (from  4 to 17 ) with 
increase of the TEOS concentration.
II. The TEOS concentration should be higher than 0,2 M in 
order to achieve complete coverage of silica shell

The size distribution of pores in SiO2 shells 
obtained by thermal treatment of the 
composite particles at 400°C

Dependence of S of SiO2-capsules on 
PVP concentration

SiO2-capsules pore size distribution 
depending on PVP molecular weight:
1 – 10, 2 – 55, 3 – 340 kDa

I. The PVP molecules preliminarily absorbed onto the surface of the PS particles 
have been shown to be incorporated into the SiO2 shell in the course of its 
formation, which results in pores ~3 nm in diameter. By varying the PVP 
concentration in the reaction mixture, one can change the number of pores and the 
specific areas of the surfaces of core-shell particles and SiO2 capsules.
II. Varying the molecular weight of PVP in the range from 10 to 340 kDa only slightly 
affected average pore diameter

Relatively low pH 
value (10.0) lead to 
uncomplete silica 
coating on the PS 
particles. The reason 
is low hydrolysis rate 
of TEOS (Fig. b). 
Increase of the pH 
value in the reaction 
medium leads to high 
hydrolysis rate of 
TEOS and at pH = 11.0 
smooth continuous 
silica shell was 
obtained (Fig. b). 
However, free silica 
particles and 
roughened SiO2-shell 
surface were

New effective method for synthesis of the porous 
hollow silica nanospheres carrier was developed. 
Using mesoporous silica capsules as carriers 
markedly delayed the release of amoxicillin and 
can be employed in drug delivery application.

(a)

TEM images of SiO2-capsules prepared by 
annealing of core-shell NP at 400°C for 6 hours 
synthesized at different pH-values 10.0 (a), 
11.0 (b), and 12.5 (c). Reaction time - 3 hours, 
c (TEOS) = 0.2 M

observed at a high pH value (12.5) indicating that heterogeneous
nucleation of the silica precursor took place in the reaction 

medium (Fig. d).

Summary

UV-Vis spectra of release of 
amoxicillin at different 
incubation time in in
simulated body fluid (SBF).

In vitro release profile of 
amoxicillin from porous 
hollow silica nanospheres.
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