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Large cationic PS particles of ~272 nm were obtained in the absence of acetone (Fig. 1(a)). The particle 
size could be significantly reduced to 31 nm when the acetone-to-water mass ratio was increased to 
1.50. It is well known that high-polarity solvents, such as acetone, can form small droplets owing to 
rapid diffusion of the solvent (Ganachaud and Katz, 2005; Horn and Rieger, 2001; Legrand et al., 
2007). The emulsion droplets formed upon addition of the styrene monomer to the acetone/water 
mixture solvent medium. Acetone quickly diffused and spread into the styrene monomer, subsequently 
leading to rupture of styrene into small droplets. By assuming that one PS particle is formed in each 
emulsion droplet, the particles shrink after evaporation of acetone, resulting in the formation of PS 
nanoparticles (Gradon et al., 2004). Thus, a good correlation between the initial droplet size and final 
size of the PS particles can be expected. According to this concept, the role of acetone on the formation 
of the cationic PS nanoparticle is illustrated in Fig. 2. 

 
Fig. 2. Schematic of the formation of the cationic PS nanoparticles influenced by differences  

in the diffusion rate of acetone in the emulsion system 

The solvent diffusion phenomenon, which causes spontaneous rupture of droplets, depends on the mass 
ratio of acetone to water. In the presence of water medium only, droplet rupture is slower owing to the 
slower diffusion rate of water (when compared with that of acetone), thereby resulting in the formation 
of large droplets. In contrast, when acetone is added to the emulsion system, emulsion droplets can 
readily break into small droplets owing to rapid diffusion of acetone. 

Based on the proposed mechanism in Fig. 2, rapid diffusion of acetone, which promotes the formation 
of small cationic PS particles, was successfully attained when the mass ratio of acetone to water was 
1.50 (Fig. 1(m, n, o)). In contrast, when the mass ratio of acetone to water was greater than 1.50, 
particle coagulation occurred (Fig. A.1(a, b), APPENDICES); the results are summarised in Table 1. 
Particle coagulation, observed at acetone-to-water mass ratios of 1.86 and 2.33, occurred because the 
equilibrium solubility of styrene was surpassed. Furthermore, the increase in the diffusion of acetone, 
while the amount of styrene monomer was constant, likely led to increased particle collision events and 
gelling effects. Further increases in the acetone-to-water mass ratios to above 2.33 did not generate any 
PS nanoparticles. Styrene monomers tend to dissolve in acetone rather than in aqueous phase, thereby 
accelerating the diffusion process. Consequently, the formation of particle nuclei becomes difficult 




















