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PS@TiO2 core-shell composited particles (CSCPs) were prepared by self-assembly technique. Photocatalytic activity of 
PS@TiO2 CSCPs for the degradation of Rhodamine B (RB) is much better than that of pure PS or TiO2 particles. Results 
suggest that PS@TiO2 CSCPs with four layers of TiO2 colloids shell show the optimum photocatalytic activity. When the 
solution concentration of HCl is 0.6 M and the size of PS particle cores are 2 µm, the as-prepared PS@TiO2 CSCPs have the 
optimum synergistic photocatalytic activity. The PS@TiO2 CSCPs materials obtained by this method can be used to degrade 
the RB dye efficiently. 
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1. Introduction 
 

In recent several decades, environmental pollution has 

become a solemn  problem which affects people’s lives and 

healthy [1-4]. Titanium dioxide (TiO2) has strong 

oxidation ability, low cost, good stability and no light 

corrosion, which is considered to be the leading catalyst 

for environmental purification [5-9]. However, TiO2 is 

only vigorous in the ultravio let (UV) light [10]. A great  

quantity of research scholars have focused their attentions 

on modification of TiO2 by doping or compounding with 

other materials, and improved their photocatalytic 

properties under visible-light irradiation [11-16]. Because 

of their composited composition, excellent arrangement, 

and the properties of mult iple particles, polymer/inorganic 

composites are attracting a lot of attention [17].  

Owing to easy preparations, controllable sizes, 

excellent adsorption ability, and large surface areas, 

polystyrene (PS) spheres are very suitable as the cores  or 

templates for preparations of polymer/inorganic 

composites [18-25]. Deng group fabricated PS/Ag 

nanocomposite spheres through utilizing the dual functions 

of PVP, and found that the PS/Ag nanocomposite spheres 

exhibit  excellent catalyt ic properties for the reduction of 

organic dyes [26]. Moreover, their research indicates that 

these PS/Ag nanocomposite spheres possess extraordinary  

antibacterial abilit ies against Salmonella and Escherichia 

coli. Wang and co-workers prepared core/shell PS@TiO2  

photocatalyst in the absence of surfactant by a vapor phase 

hydrolysis process [27]. They found that the core/shell 

catalyst has a relat ively h igher activ ity in the degradation 

of methylene blue (MB) than that of bare TiO2 due to the 

improved floating and light harvesting ability [27]. Wang 

and co-workers synthesized PS@CdS core-shell structure 

nanoparticles with 260 nm core and a uniform shell by  

sonochemical method [20]. The shell thickness could be 

adjusted by changing the reaction time and the molar 

ration. Compared  to the pure CdS, the PS@CdS core -shell 

structure nanoparticles exh ibited good photocatalytic 

activity for the degradation of RB, which benefits from the 

synergic effect between the core and the shell [20]. Türk 

and colleagues prepared PS colloidal particles with TiO2  

coating via an emulsifier-free emulsion copolymerization  

and a sol-gel p rocess in-situ hydrolysis and a condensation 

reaction [28]. They found that the PS/TiO2 core/shell 

particles revealed good photocatalytic activity for the 

oxidation of 4-methoxybenzyl alcohol with O2 in water 

[28]. Wu group prepared PS/TiO2 nanocomposite particles  

by using aqua ammonia/triethanolamine as  the 

positive/negative catalyst pair. They found that when the 

reaction temperature  was increased during TiO2 coating 

process, the surface morphology of the TiO2 shell became 

defective and the roughness on the surface of the TiO2 

shell was remarkably heightened [29]. 

In this study, PS@TiO2 core-shell composited 

particles (CSCPs) were p repared by layer-by-layer 

self-assembly method. The influences of the solution 

concentration of HCl, the number of TiO2 colloids shell 

layers and the size of PS particle core on structure of 

CSCPs and the degradation rate of RB were carefully  

studied. Scanning electron microscopy (SEM), UV-visible 

spectrophotometer, and other analyt ical methods were 

adopted for the study of the synthesized materials. The 

PS@TiO2 CSCPs system has the characteristics of stable 

and does not produce secondary pollution. It has been a 

great concern in the field of environmental pollution and 

shows a broad application prospects.  
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2. Experimental methods 

 

Monodisperse polystyrene (PS) microspheres were 

purchased from Tianjin BaseLine ChromTech Research 

Centre. Ammonium hydroxide (NH3  28%), sodium 

dodecyl sulphate (SDS), hydrochloric acid (HCl) and 

anhydrous alcohol were purchased from Yantai double 

Chemical Co., Ltd. and used as received. Titanium 

tetrachloride (TiCl4), Rhodamine B (RB), acetone and 

anhydrous sodium sulphate (Na2SO4) were purchased from 

Tianjin Oubokai Chemical Co. Ltd. and used as received. 

Monodisperse PS particles were centrifuged firstly, 

followed centrifugal cleaned sequentially with deionized  

water, NH3, HCl, anhydrous alcohol and deionized water 

for 20 min, respectively. The SDS self assembled  

monolayer (SAM) were prepared by immersing the PS 

particles into the solution of SDS (5 mmol/L) for 2 h, 

subsequently rinsed with deionized water and dried in an 

oven. The PS particles with SDS SAM were immersed in a  

TiO2 colloidal solution at 80 ℃ for 2 h. The TiO2 collo idal 

solution was prepared in advance by using TiCl4 and HCl 

according to the literatures  [30-31]. The PS@TiO2  

composited particles were placed  at room temperature  

(25 ℃) for 24 h. Afterwards, the PS@TiO2 CSCPs with  

one layer of TiO2 collo ids shell were successively 

centrifuged, ultrasonic cleaned with deionized water  and 

dried. The PS@TiO2 CSCPs with multi-layers of TiO2  

colloids shell were prepared by repeating the above 

procedures. The surface morphology of PS@TiO2 CSCPs 

was characterized by Hitachi SU8200 FESEM. The 

constituents of the PS@TiO2 CSCPs were characterized by  

using energy dispersive x-ray analysis (EDAX). 

The light photocatalytic performances of PS@TiO2 

CSCPs with mult i-layers of TiO2 co llo ids shell were 

evaluated by the degradation of Rhodamine B (RB) in an  

aqueous solution containing 80 mL RB dye (10 mg/L) and 

0.1 mg/mL PS@TiO2 CSCPs. The RB solution with  

PS@TiO2 CSCPs was stirred vigorously while it was 

irradiated by simulate sunlight (HSX-UV300, high  

pressure 160 W xenon lamp light). A T-6 UV-visible 

spectrophotometer was used to determine and analyze the 

extent of photodegradation at the wavelength of 553 nm. 

 

 

3. Results and discussion 

 
3.1. Characterization of PS@TiO2 CSCPs 

 

Fig. 1 shows the FESEM images of PS particles and 

PS@TiO2 CSCPs. It can be seen from Fig. 1(a) that the 

diameter of PS part icles is approximately 2 µm. The 

shapes of PS particles are neatly spherical, and the surface 

of PS particles is clean and smooth. As shown in Fig. 1(b), 

the surface of PS@TiO2 CSCPs is a little  irregular and 

rough. Fig. 1(c) is the EDAX of the red selected area on 

the Fig. 1(b). It  can be seen that TiO2 colloids were 

assembled on the surface of PS particles. 

 

 

 
 

Fig. 1. FESEM images of PS particles and PS@TiO2 CSCPs. (a) 2 µm PS particles, (b) 2 µm PS@TiO2 CSCPs,  
 (c)EDAX of the red selected area in (b) 
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Fig. 2 shows the FESEM image of the PS@TiO2 

CSCPs with four layers of TiO2 collo ids shell at d ifferent 

solution concentration of HCl. There are some 

agglomerat ions for the PS@TiO2 CSCPs. It  can be seen 

that the surface features of PS@TiO2 CSCPs at different 

solution concentration of HCl are slightly different. 

However, the agglomeration did not weaken the 

photocatalytic activity of PS@TiO2 CSCPs for degradation 

of RB, and the photocatalytic activities is different when 

the solution concentration of HCl is changed. The small 

TiO2 colloids clusters on surfaces of PS particles increased 

with increasing HCl concentration. The surface of 

PS@TiO2 CSCPs for 0.6 M HCl is uniform and relatively  

clean. 

 

 
 

Fig. 2. FESEM images of 2 µm PS@TiO2 CSCPs at 

different solution concentration of HCl. (a) 0.1 M HCl, (b) 

0.3 M HCl, (c) 0.6 M HCl, (d) 1.0 M HCl 

 

 

3.2. Photocatalytic activity 

 
Fig. 3 shows the degradation rate of RB with reaction 

time for 2 µm PS particles with different layers of TiO2  

colloids shell. It can be seen that the degradation rate of 

RB is very slow under irradiation conditions without any 

photocatalyst (the blank sample), and only  approximately  

6% RB was degraded at 30 min. Photocatalytic activity of 

PS@TiO2 CSCPs is better than that of single PS or TiO2  

particles. For the pure PS sample, the degradation rate of 

RB was approximately 15% at 30 min. The degradation 

rate of RB was approximately 36% at 30 min fo r the pure 

TiO2 sample. When the PS part icles were composited with  

TiO2 colloids shell, the degradation rate of RB accelerated 

rapidly, which is due to the synergistic photocatalytic 

activity between the PS particle core and TiO2 colloids 

shell. Moreover, the degradation rate of RB increased with  

increasing number o f TiO2 collo ids shell layers. When the 

number of TiO2 collo ids shell layer increased to four or 

more, the degradation rates of RB were very  similar, and 

all degradation rates of RB were approximately 93% at 30 

min. When the number of TiO2 colloids shell layers 

increased, the synergistic photocatalytic activity between  

the PS particle core and TiO2 colloids shell is better. As the 

number of TiO2 collo ids shell layer increased to four or 

more, the synergistic photocatalytic activities are similar. 

From the point of view of saving materials, PS@TiO2  

CSCPs with four layers of TiO2 colloids shell are the 

optimum photocatalyst.  

 

 
 

Fig. 3. Degradation rate of RB with reaction time for 2 µm 

PS@TiO2 CSCPs with different layers of TiO2 colloids shell 

 

 

Fig. 4 shows the degradation rate of RB with reaction 

time for as-prepared 2 µm PS@TiO2 CSCPs under 

different solution concentration of HCl conditions. It can 

be seen that the degradation rate of RB for as -prepared 

PS@TiO2 CSCPs under 0.3 M HCl condition is slightly  

higher than that under 0.1 M HCl condition. The 

degradation rate of RB quickly  reaches approximately  

60% at 5 min, and reaches approximated 80% at 30 min  

for as-prepared PS@TiO2 CSCPs under 0.1 M HCl 

condition. When the solution concentration of HCl is 0.6 

M, the degradation rate of RB of the as -prepared PS@TiO2  

CSCPs is 90% and 93% at reaction time of 5 min and 30 

min. The degradation rate of RB of the as-prepared 

PS@TiO2 CSCPs under 1.0 M HCl condition is lower than 

that under other concentrations of HCl conditions. When 

the solution concentration of HCl is 0.6 M, the size of 

TiO2 colloids clusters on surfaces of PS is more relatively  

uniform, resulting in the best synergistic photocatalytic 

activity between the PS particle core and TiO2 colloids 

shell.  

 

 
Fig. 4. Degradation rate of RB with reaction time for 
as-prepared 2 µm PS@TiO2 CSCPs under different 

 solution concentration of HCl conditions 
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Fig. 5 shows the degradation rate of RB for PS@TiO2 

CSCPs with different size of PS part icle core. For 0.5 µm 

PS@TiO2 CSCPs, the degradation rate of RB is 

approximately 16% at 5 min, and the degradation rate of 

RB can be reached 39% at 30 min. For the 2 µm PS@TiO2  

CSCPs, the degradation rate of RB is approximately 90% 

at 5 min, and the degradation rate of RB can be reached 

93% at  30 min. For the 10 µm PS@TiO2  CSCPs, the 

degradation rate of RB is approximately 31% at 5 min, and 

the degradation rate of RB can be reached 59% at 30 min. 

For the 25 µm PS@TiO2 CSCPs, the degradation rate of 

RB is approximately 32% at 5 min, and the degradation 

rate of RB can be reached 45% at 30 min. Because the size 

of TiO2 colloids clusters is approximately 1.3 µm, the 

synergistic photocatalytic activity is low for the 0.5 µm 

cores. When the size of cores (10 µm or 25 µm) is much  

larger than that of TiO2 colloids clusters, the synergistic 

photocatalytic activity is still weak. Only when the size of 

the cores is close to or slightly larger than that of the TiO2 

colloids clusters, the as-prepared PS@TiO2 CSCPs have 

the best synergistic photocatalytic activity between the PS 

particle core and TiO2 colloids shell, and the 

photocatalytic result is even more dramatic. 

 

 
Fig. 5. Degradation rate of RB for PS@TiO2 CSCPs with 

different size of PS particle core 

 

 

4. Conclusion 
 

PS@TiO2 CSCPs have been prepared by 

layer-by-layer self assembly technique. The experimental 

results showed that the photocatalytic activity of PS@TiO2  

CSCPs for the degradation of RB is better than that of pure 

PS or TiO2 part icles. The degradation rate of RB increased 

with increasing number of TiO2 colloids shell layer. When 

the number of TiO2 colloids shell layer reaches four, the 

degradation rate of RB is approximately 90% at 5 min, and 

the degradation rate of RB can be reached 93% at 30 min. 

When the size of PS particle cores are 2 µm and the 

solution concentration of HCl is 0.6 M, the as-prepared 

PS@TiO2 CSCPs have the best synergistic photocatalytic 

activity between the PS particle core and TiO2 colloids 

shell, and the photocatalytic result is most satisfying. The 

PS@TiO2 CSCPs materials obtained by this method will 

be possibly potential applications for water purification  

photocatalysis. 
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