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Abstract 

In this paper, a simple hydrothermal method was developed for the preparation 
of micro-nanocomposite rGO/Ag/AgBr using ascorbic acid as a reducing agent. It 

could completely decompose 1L5mg -  RhB under 250W UV light irradiation 

within 160 min. The catalytic activity was discovered to be strongly affected by 
the some operating parameters, such as solution pH, catalytic amount, and 
graphene doping amount. The possible photocatalytic mechanism of the 
rGO/Ag/AgBr composite was also discussed. Our results indicated that rGO 
nanosheets played a role of a highly efficient cocatalyst for the rapid transfer of 
photo generated electrons. rGO/Ag/AgBr photocatalysts exhibited highly 
efficient and stable photo degradation for RhB under UV irradiation. 
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1. Introduction 

Currently, as a kind of photocatalysts, silver/silver halide (Ag/AgX,    
X = Cl, Br) has been widely used in photo degradation of the pollutants 
[1-8], because silver/silver halide has a small band gap [1, 6]. Actually, 

Ag/AgBr displays higher catalytic activity than Ag/AgCl because 0Br  has 

a lower electron affinity than 0Cl  [6]. However, the aggregation of the 
Ag/AgBr particles is still severe. In recent years, much attention has been 
paid to grapheme (rGO) because of its compelling physical properties and 
various applications [9-13]. Graphene is a robust two-dimensional sheet 

of hybridized-sp2  carbon. Especially, a great development has been 

achieved as a support for catalysts because of its high surface area and 
special electronic transport properties [10-12]. However, researchers 
seldom pay attention to the graphene-based photocatalytic materials, 
because of the severe aggregation of rGO [11, 13] and poor water 
solubility [14]. Graphene oxide (GO), a graphene sheet functionalized 
with oxygen groups, provides fertile opportunities for the construction of 
GO-based hybrid composites on account of its good solubility in solvents 
[15]. Based on the above considerations, it is very necessary to develop 
and prepare the novel rGO/Ag/AgX. Meanwhile, Ag/AgX particles can be 
dispersed well on the graphene surface in order to avoid accumulation. 

As known, the synthesis method is very important to develop highly 
efficient silver halide photocatalysts. Nowadays, Ag@AgCl/RGO hybrids 
has been prepared [16]. GOOAgAgAgBr 2  composite has also been 

fabricated [17]. Ag/AgBr/rGO has also been synthesized via a facile 
solution-mixing method [18]. However, in our work, a simple one-pot 
route is developed for preparing graphene-based Ag/AgBr composites in 
the hydrothermal reaction. It is also used to degrade RhB to test the 
catalytic capacity under ultraviolet light (UV) irradiation. We further 
discussed photocatalytic efficiency in different solution pH, catalytic 
amount, graphene doping amount, and the possible photocatalytic 
mechanism of the rGO/Ag/AgBr composites. It is believed that this 
strategy can be extended to fabricate other rGO-semiconductors 
composites in the future. 
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2. Experiment 

2.1. Materials 

Ultra pure water was used and its resistivity was Ω> M18  

,AgNOcm. 3  hexadecyltrimethyl ammonium bromide (CTAB) and 

ascorbic acid were purchased from Cheng du Ke Long. All chemicals were 
of analytical grade and used without further purification. 

2.2. Preparation of rGO/Ag/AgBr 

GO was synthesized by a modified Hummers method [19]. Figure 1 
showed a schematic illustration of ther GO/Ag/Ag Br synthesis process. 
Typical synthetic process of rGO/Ag/AgBr nanocomposite was as follows: 
0.01g GO was dissolved into 15mL deionized water. Then, 0.2g 
hexadecyltrimethyl ammonium bromide (CTAB), 0.20385g ,AgNO3  and 

0.352g ascorbic acid were added into the above GO aqueous solution. 
After being mixed uniformly, the mixture was poured into a 50ml Teflon-
lined stainless steel autoclave, which was sealed and heated at 160°C for 
12h. After cooling to room temperature, the product was collected by 
centrifugation, washed with water/ethanol several times, and dried in a 

vacuum oven at 60°C for 24h. Thereinto, CTAB can not only provide −Br  
to obtain AgBr but serve as a surfactant. What’s more, GO was reduced 
by ascorbic acid. 



XINYUAN KANG et al. 118

 

Figure 1. A schematic illustration of the synthesis process of 
rGO/Ag/AgBr. 

3. Results and Discussion 

3.1. Characterization of rGO/Ag/AgBr 

rGO/Ag/AgBr was characterized by the typical scanning electron 
microscopy (SEM) (Figure 2(a), (b)) and transmission electron microscopy 
(TEM) (Figure 2(c), (d)) from the low-magnification image to the high-
magnification image, respectively. As shown in Figure 2(a), (b), many 
micro-nano spheres were prepared with the diameter of about 800nm, 
which were uniformly embedded on the graphene. Thereinto, the rGO 
sheets could be observed clearly in the rGO/Ag/AgBr hybrids (Figure 2(a)) 
and (Figure 2(c), (d)). What’s more, Ag/AgBr particles were seen on the 
basal planes of the grapheme (Figure 2(c), (d)). 
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Figure 2. rGO/Ag/AgBr SEM picture of (a) low magnification, (b) high 
magnification, and TEM diagram of (c) low magnification, (d) high 
magnification. 
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The chemical composition of the hybrids was determined by energy-
dispersed spectrum (EDS) (Figure 3(a)). The C peak may come from the 
presence of graphene. The peak of Ag and Br element may be attributed 
to AgNPs and AgBr. To further confirm the phase structure, the typical 
XRD pattern was shown in Figure 3(b). All diffraction peaks could be 
specified as two group’s peaks, “ ” of Ag and “ ” of AgBr. The XRD pattern 
of rGO/Ag/AgBr displayed distinct diffraction peaks ( )θ2  at 26.7°(111), 

30.9°(200), 44.3°(220), 55.0°(222), 64.5°(400), 73.2°(420) and 38.2°(111), 
44.3°(200), 64.5°(220), 77.4°(311), which were due to the diffractions of 
cubic phase of AgBr (JCPDS file: 06-0438) and that of metallic Ag 
(JCPDS file: 04-0783), respectively. What’s more, no diffraction peak for 
the synthetic rGO was observed in the composite. It may be caused by the 
low amount (1.3%) relatively and low diffraction intensity of graphene 
[20]. 
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Figure 3. The EDS spectrum (a) and the XRD patterns (b) of 
rGO/Ag/AgBr. 
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3.2. Catalytic activity of rGO/Ag/AgBr 

A photo degradation experiment of RhB was executed to test 
photocatalytic efficiency of rGO/Ag/AgBr composites under UV 
irradiation at room temperature. On the basis of the Beer_Lambert law, 
the concentration of RhB was linearly proportional to the intensity of the 
absorption peak at 553nm. Consequently, the decomposition efficiency of 
RhB can be calculated by using the following calculation formula: 

( ) %,100%iondecompositRhB
0

0 ×
−

= C
CC n  

thereinto, 0C  and nC  were defined as the equilibrium concentrations of 

RhB before and after UV irradiation, respectively. The UV light was 
provided by a 250W ultraviolet lamp. The concentration of RhB dye was 
determined by a ultraviolet-visible (UV/Vis) spectrophotometer. As 
shown in Figure 4, the photo degradation time of RhB was 30 min in the 
dark for the as-manufactured rGO/Ag/AgBr and Ag/AgBr. It was so fast 
because RhB molecules and rGO-based hybrids produced the 
intermolecular π−π  interactions [20, 21]. As shown the blank 
experiment in Figure 4, it was negligible for the self-photosensitized 
decomposition of RhB. However, it was up to 97.9% to degradate RhB for 
rGO/Ag/AgBr as a photocatalyst, but only about 2.4% and 36% in terms 
of the blank and Ag/AgBr composite during the same 160 min UV 
irradiation. The results indicated that the photocatalytic activity of the 
rGO/Ag/AgBr could obviously increase for RhB degradation by 
hybridizing with rGO nano sheets. This may be attributed to the smaller 
size and the reinforced charge transfer in terms of rGO/Ag/AgBr [2]. In 
addition, the enhanced degradation efficiency of RhB can be clearly 
proved by the change of the UV-vis absorption spectra of the solution 
(Figure 4(b)). It was found that two changes happened in the absorption 
spectra of the solution with the increase of irradiation time. Maximum 
absorption peak rapidly reduced, meanwhile the wavelength blue-shift 
happened. The wavelength blue shift indicated that higher energy was 
needed for the electron transition and the demethylated RhB molecule 
had been formed in the process of degradation [22-24]. 
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Figure 4. (a) Degradation of RhB under different conditions. (b) The UV-
vis spectral changes of RhB. Experimental conditions: RhB, 40mL, 

;5mgL-1  rGO/Ag/AgBr, 0.015g (1.3 wt% rGO); and initial pH = 6. 
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As known, the solution pH was an important factor in catalytic 
reaction. The rGO/Ag/AgBr catalyst could work effectively over a wide pH 
range from 2.0 to 9.0 in Figure 5. Obviously, the degradation rate of RhB 
gradually increased with pH from 2.0 to 6.0 but then sharply decreased 
at pH 9. This could be attributed to the fact that AgBr fractionated out a 

few ,Ag+  which converted to OAg2  in alkaline environment [25]. As a 

consequence, rGO/Ag/AgBr was not stable in alkaline medium. And the 
degradation efficiency of rGO/Ag/AgBr was weakened. The RhB solution 
of pH 6 was chosen as the supporting condition for the further work. The 
effect of rGO/Ag/AgBr amount was investigated under given reaction 
condition. As shown in Figure 6, the adsorption ability and the 
photocatalytic efficiency for RhB accordingly increased with catalyst 
amount from 0.005g to 0.015g. However, when the catalyst dosage was 
increased to 0.02g, the degradation efficiency was not further enhanced 
but decreased. It may be attributed to the opacity of rGO/Ag/AgBr, which 
prevented the Ag/AgBr from absorbing UV-visible light. Then, it led to 
the combination of electron-hole pairs in rGO/Ag/AgBr and reduced the 
photocatalytic efficiency of RhB [26, 27]. Consequently, suitable catalyst 
content was crucial for optimizing the photocatalytic performance. In 
order to investigate the role of graphene in photocatalytic process, 
different amount of graphene doped rGO/Ag/AgBr was also detected. As 
shown in Figure 7, the photocatalytic activity for RhB accordingly 
increased with graphene loading from 0 wt% to 1.3 wt%. As a electronic 
conductor, rGO effectively reinforced charge transfer and suppressed 
combination of electron-hole pairs in rGO/Ag/AgBr [11, 12]. What’s more, 
a hydrophobic graphene with bigger specific surface area improved the 
adsorption sites of organic molecules RhB [11]. However, when graphene 
loading reached up to 2.6%, a drastic decrease was observed in the 
photocatalytic activity. This may be also due to the increase of the opacity 
by high grapheme loading, which prevented AgBr from absorbing         
UV-visible light [26, 27]. For this reason, 1.3% graphene loading was 
chosen as the supporting condition for the whole work. 
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Figure 5. Effect of initial PH on the degradation of RhB over 
rGO/Ag/AgBr/UV light system. Experimental conditions: RhB, 40mL, 

;5mgL-1  rGO/Ag/AgBr, 0.015g (1.3 wt% rGO). 

 

Figure 6. Effect of catalyst amount on the degradation of RhB over 
rGO/Ag/AgBr/UV light system. Experimental conditions: RhB, 40mL, 

;5mgL-1 rGO/Ag/AgBr, 0.015g (1.3 wt% rGO); and initial pH = 6. 



PHOTOCATALYTIC DEGRADATION OF RhB … 127

 

Figure 7. Effect of graphene amount on the degradation of RhB over 
rGO/Ag/AgBr/UV light system. Experimental conditions: RhB, 40mL,       

;5mgL-1  rGO/Ag/AgBr, 0.015g (0, 0.2, 0.4, 0.8, 1.3, 2.6 wt% rGO); and 

initial pH=6. 

As seen from Figure 8, GCE, Ag/AgBr, and rGO/Ag/AgBr were 
investigated about AC impedance spectra in 0.01mol/L 

[ ( ) ] [ ( ) ].CNFeKCNFeK 6463  From the AC impedance spectra, the radius 

size of the capacitive arc represented the electron transfer resistance. 
Obviously, the smaller the radius size of the capacitive arc was, the 
smaller the electrode surface electron transfer resistance was. Compared 
with GCE and Ag/AgBr, rGO/Ag/AgBr can make electron transfer faster 
on electrode surface. Therefore, the rGO nanosheets played a role of a 
highly efficient co catalyst for rapidly transferring photo generated 
electrons. Figure 9 indicated the degradation efficiency of rGO/Ag/AgBr 
for RhB. In our work, the rGO/Ag/AgBr photocatalyst was handled by 
centrifugation each time and was reused for three times. As shown in 
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Figure 9, only a slight decrease could be seen in terms of the 
photocatalytic activity. It may be caused by light corrosion or dissolution 
of the rGO/Ag/AgBr photocatalyst. Obviously, rGO/Ag/AgBr composites 
exhibited high efficiency and better stability on the decolorization of RhB 
under UV irradiation. Compared with other photocatalysts such as 

32OFe-α  microspheres [28] and BiOBr-Ag [29], rGO/Ag/AgBr also 

showed better photocatalytic activity. 

 

Figure 8. Comparison of Nyquist plots of GCE, Ag/AgBr and rGO/Ag/AgBr. 
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Figure 9. Cycling kinetic curves (a) and cyclability (b) over 
rGO/Ag/AgBr/UV light system. Experimental conditions: RhB, 40mL, 

;5mgL-1  rGO/Ag/AgBr, 0.015g (0.8 wt% rGO); and initial pH = 6. 
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The possible photocatalytic mechanism of the rGO/Ag/AgBr 
composites were also discussed in Figure 10. The photocatalytic 
degradation of organic substances occurred on the surface of the 
photocatalyst [30]. In our work, RhB molecules on the surface of 
rGO/Ag/AgBr photocatalyst were adsorbed on the rGO via π−π  
conjugation [20]. AgBr could not absorb UV light because of its wide band 
gap. However, metallic AgNPs can generate photo generated electrons 
and transfer to AgBr under UV light. Then the photo generated electrons 
can be effectively transferred from AgBr to rGO surface by the strong 
interaction. Thus, electrons on the surface of the graphene reduced 

oxygen to obtain ,HO2  while the photo generated holes ( )+h  were 

retained on the surface of AgNPs to oxidize organic RhB molecule [8, 31, 32]. 
In this process, the rGO nanosheets played a role of a highly efficient 
cocatalyst to rapidly transfer photo generated electrons. These processes 
resulted in a lower recombination rate and enhanced photocatalytic 
activity [26]. 

++ +→+ ehhvAgBrAgrGO  

OHCORhBh 22 +→++  

22 HOOe →++  

OHCORhBHO 222 +→+  
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Figure 10. Schematic diagram of electron-hole pairs separation and the 
possible reaction mechanism over rGO/AgBr/Ag hybrid photocatalyst 
under UV light irradiation. 

4. Conclusion 

In summary, the UV-driven rGO/Ag/AgBr photocatalyst was 
successfully prepared by a facile hydrothermal method. Compared with 
Ag/AgBr, as-manufactured rGO/Ag/AgBr had better UV-driven 
photocatalytic activity under the same experimental conditions. The 
products were not only applied for polluted water disposal fields but 
provided promising applications in photo degradation and other fields, 
such as sensors, biomedical engineering, and magnetics. 
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