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Graphical Abstract 

 

 

The magnetic separable Ag/AgCl/CoFe2O4 photocatalyst possess high photocatalytic 

ability and antibacterial ability. 
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Preparation of magnetic Ag/AgCl/CoFe2O4 with high 
photocatalytic and antibacterial ability 

 
Yuanguo Xu,a,b Teng Zhou,a Shuquan Huang,a Meng Xie,c Hongping Li,a Hui Xu*,a 
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The novel plasmonic photocatalysts Ag/AgCl/CoFe2O4 were first prepared via a two-step synthesis 
method. The obtained Ag/AgCl/CoFe2O4 composites were characterized by X-ray diffraction (XRD), 
transmission electron microscopy (TEM), X-ray photoelectron spectra (XPS) and ultraviolet-visible 
absorption spectra (UV-vis). The magnetic properties of the samples were studied by vibrating sample 
magnetometer (VSM) analysis. The methyl orange (MO), bisphenol A (BPA) and ciprofloxacin (CIP) 
were used as the target pollutants to investigate the degradation capability of Ag/AgCl/CoFe2O4. The 
results showed that the composite can degrade both color and colorless pollutants, while the 
Ag/AgCl/CoFe2O4 (3 : 1) showed the highest photoactivity in degrading MO. It can degrade about 93.38 
% MO in 1.5 h. The reactive species scavenger results indicated that the hydroxyl radicals (•OH) was not 
the main photooxidant, while holes (h+) and superoxide anion radicals (•O2

-) played key roles in MO 
decoloration. Furthermore, the degraded solution of BPA was analyzed by the High Performance Liquid 
Chromatography (HPLC). The results showed the BPA was decomposed gradually. The composite was 
magnetic separated and investigated by three successive recycle experiments under visible light. The 
result exhibited the photoactivity of Ag/AgCl/CoFe2O4 is stable. Besides, Ag/AgCl/CoFe2O4 also 
exhibited good antibacterial activity against Escherichia coli (E. coli). The preparation method can be 
expanded to apply to other magnetic separable photocatalyst. 
Keywords：：：：Ag/AgCl, CoFe2O4, photocatalyst, degradation, Ag/AgCl/CoFe2O4, antibacterial 

Introduction, 

Nowadays, with the development of modern industry, the 
environmental problems become even serious and have attracted 
more and more attentions. Water pollution is one of the serious 
issues among all of them which need to be highly noticed, because 
the clean water is a necessity for us. Lots of water sources are 
polluted not only by the hazardous chemicals but also by pathogenic 
microorganisms [1]. Pathogenic bacteria in water will cause diseases. 
Among many solutions, semiconductor-based photocatalysis 
technique is an efficient and low-cost strategy for the treatment of 
water pollutants and disinfection [2]. In recent years, the visible-light 
response plasmonic photocatalysts have attracted extensive research 
attention due to the surface plasmon resonance (SPR) effect [3]. In 
general, the photocatalysts with the surface plasmon resonance 
(SPR) effect have excellent absorption property in the visible light 
region and can efficiently separate the photogenerated electrons and 
holes, which is benefit for the photocatalytic degradation reactions. 
Besides, the Ag related materials have excellent antibacterial ability 
[4, 5]. The plasmonic photocatalysts based on silver/silver halide 
(Ag/AgX, X=Cl, Br) have attracted wide attention due to their 
extraordinary high photoactivity. Amount of works have been 
reported for the preparation of Ag/AgX (X=Cl, Br). For example, 
Huang et al. has fabricated a series of Ag@AgX (X = Cl, Br) 
plasmonic photocatalysts [6,7], which exhibited excellent 
photoactivity and stability under visible-light illumination. In the 

silver halide systems, AgX is the main photoactive species. 
However, pure AgX is instable under sunlight due to their 
photosensitive property [6,8,9]. Furthermore, when a certain amount 
of Ag (0) nanoparticles was reduced on the surface of AgX, the 
metallic Ag (0) could suppress the further decomposition of AgX. 
Therefore, Ag/AgX is a photo stable photocatalyst with high visible 
light photoactivity [10-16]. Besides, Ag/AgX can also disperse on 
other materials to improve the photoactivity of the composite [17-
19]. Ag/AgX (Cl, Br) have become a serial of very important 
photocatalyst and they are playing an increasingly important role on 
solving the water pollutant problems. Lots of relevant works have 
also been used in antibacterial (such as Ag/AgCl/W18O49, 
Ag/AgBr/TiO2, Ag/AgX/CNTs and so on). The Ag/AgX system 
showed very high antibacterial ability under light irradiation because 
it can efficiently generate reactive species to kill the bacterial [1, 5]. 
However, Ag/AgX photocatalysts also face the difficulty of being 
separated after the photocatalytic reaction, which limited its 
application in practical fields. To solve this problem, Ag/AgX was 
combined with magnetic material. Dai et al. [20] prepared core-shell 
Fe3O4@SiO2 NPs at first, and then fabricated Ag-AgI/Fe3O4@SiO2 
plasmonic photocatalyst. The composite showed excellent 
photocatalytic activity and possess the capability of being easily 
recovered by magnet. Soon afterwards, An et al. [21] constructed 
Fe3O4@SiO2 nanospheres through a polyol and sol-gel process at 
first, and then fabricated ferromagnetic Fe3O4@SiO2@AgCl:Ag 
plasmonic nanophotocatalysts. The composite exhibited excellent 
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performance in the decomposition of rhodamine B (RhB) under 
visible-light irradiation. Besides, this catalyst can be separated easily 
by applying an external magnetic field. Tian et al. [22] synthesized 
core-shell structured γ-Fe2O3@SiO2@AgBr:Ag composite by a 
versatile multistep route. They fabricated magnetic core firstly, and 
then coated SiO2 interlayer. After that, they deposited AgBr shell. At 
last, the AgBr was reduced to form Ag nanoparticles on its surface 
by light irradiation. This photocatalyst exhibited very high 
photocatalytic activity and good magnetic property. All these 
strategies have achieved great advantages in developing magnetic 
plasmonic nanophotocatalysts. However, as we all know, either 
Fe3O4 or γ-Fe2O3 is not the ultimate stable crystal structure iron 
oxide. They both face the risk of conversion. The introduction of 
SiO2 shell can solve the problem. However, the synthesis route could 
become cumbersome. Thus, discovery of a stable magnetic material 
and facile synthesis route is vital.  

Spinel CoFe2O4 nanoparticle prepared by sol-gel method has 
excellent chemical stability, remarkable mechanical hardness and 
excellent magnetic property, which is a good choice for preparing 
semiconductor-magnetic composites. Some relevant works have 
been reported. Wang et al. [23] synthesized magnetic photocatalyst 
Bi2WO6/CoFe2O4 composites by a two-step hydrothermal method. 
This photocatalyst retained the effective photoactivity of Bi2WO6 
and can be easily separated by the magnet. Ribeiro et al. [24] 
fabricated TiO2/CoFe2O4 by the polymeric precursor method. The 
composite can degrade rhodamine B dye and atrazine pesticide 
under UV light irradiation and can be recovered by the magnet after 
the reaction. Phukan et al. [25] prepared CoFe2O4-ZnS magnetic 
composite. The composite showed good photoactivity in degrading 
methyl orange under UV irradiation and can be easily separated by a 
magnet. Besides, lots of other works have been reported, such as 
CoFe2O4/ZnO [26], CoFe2O4/TiO2 [27] Pd(0)/SiO2-CoFe2O4 [28], 
GO/CoFe2O4 [29]. In a world, CoFe2O4 is a promising magnetic 
material in fabricating magnetic photocatalysts.  
  Based on analysis above, it suggests that combining Ag/AgX and 
CoFe2O4 is a good propose, because it could lead to construct a new 
type magnetic plasmonic photocatalysts. In this work, CoFe2O4 was 
selected as a magnetic material to synthesize magnetic photocatalyst 
Ag/AgCl/CoFe2O4 composites by a facile solvothermal method. The 
as-prepared photocatalyst exhibited excellent degradation ability for 
methyl orange (MO), bisphenol A (BPA) and ciprofloxacin (CIP). 
Furthermore, this photocatalyst had a stable photoactivity and 
magnetic recoverable property. Besides, the composite showed good 
photocatalytic antibacterial ability against Escherichia coli (E. coli). 
This work may provide new insights in fabricating stable magnetic 
plasmonic photocatalysts by a facile method and expand the 
application of plasmonic photocatalysts in environmental 
remediation and water disinfection fields. 
 

Experimental 

2.1. Materials 

All reagents were of analytical grade and were used without further 
purification. 
2.2. Preparation of photocatalysts 

2.2.1. Preparation of CoFe2O4 

The CoFe2O4 sample was prepared according a reported method 
[30]: 10 mmol Fe(NO3)3·9H2O and 5 mmol Co(NO3)2·6H2O were 
dissolved in 100 mL distilled H2O. The above solution was referred 
as solution A. Meanwhile, 15 mmol C6H8O7·H2O was added into 
100 mL distilled H2O (referred as solution B). Then the solution A 
was added dropwise into the solution B under stirring and the 
temperature was kept at 60℃ . After stirring for 1h, the mixture 
solution was moved to dryer and dried at 90℃ about 24 h. The 

obtained solid composite was then calcined at 400℃ and kept for 2 
h.  
2.2.2. Preparation of Ag/AgCl/CoFe2O4 

The different mass ratios of AgNO3 and CoFe2O4 (0.3:1, 0.5:1, 
1:1, 2:1, 3:1, 4:1) were used to synthesize the Ag/AgCl/CoFe2O4 
photocatalyst. Typically, the AgNO3 and CoFe2O4 with the mass 
ratio of 3:1 were used as the example for the synthesis process, and 
the obtained Ag/AgCl/CoFe2O4 referred as Ag/AgCl/CoFe2O4 (3:1). 
Firstly, 0.0666g CoFe2O4 and 10 mL ethylene glycol solution of 
NaCl (0.0688 g) were mixed together and stirred for 30 min to form 
the homogeneous dispersion. Then 7 mL AgNO3 EG solution 
(containing 0.2000 g AgNO3) was added to the above homogeneous 
dispersion and stirred for 30 min at room temperature. After that, the 
resultant mixture was transferred to a Teflon lined autoclave and 
heated at 120℃ for 24 h. The resultant was centrifuged, washed and 
dried at 60℃ for 8 h. Similarly, other samples can be obtained with 
the addition of the appropriate amount of CoFe2O4. 
 
2.3 Characterization 

The crystal phase of the samples was analyzed by X-ray 
diffraction (XRD) analysis on the AdvantXP4200 (American) in the 
2θ range of 10º-80º. Transmission electron microscopy (TEM) 
micrographs were taken with a JEOL-JEM-2010 (JEOL, Japan) 
operating at 200 kV. UV-vis absorption spectra of the liquid samples 
were taken on a UV-vis spectrophotometer (UV-2450, Shimadzu 
Corporation, Japan). The UV-vis absorption spectra of the solid 
samples (in the diffuse reflectance spectra mode) were measured in 
solid state, and BaSO4 powder was used as the substrate. X-ray 
photoemission spectroscopy (XPS) was measured on a PHI5300 
with a monochromatic Mg Kα source to explore the elements on the 
surface. The magnetic properties of the composites were tested in a 
vibrating sample magnetometer (VSM) (Quantum Design 
Corporation, USA) with a maximum applied field of ±2 T. High 
Performance Liquid Chromatography (HPLC) (LXQ Linear Ion 
Trap Mass Spectrometer) was used to analyze the degradation liquid. 
The HPLC setup was equipped with two Varian ProStar210 pumps, 
an Agilent TC-C (18) column, and a Varian ProStar325 UV-Vis 
Detector at 230 nm. A solution of methanol and H2O in the ratio 75 : 
25 (v/v) was used as the mobile phase with 1 mL min-1. Then, 20 µL 
of the degraded solution was injected. The column oven temperature 
was 30℃.  

 
2.4 Photocatalytic Activity  

The application of the Ag/AgCl/CoFe2O4 composite in degrading 
organic dye methyl orange (MO) was investigated under visible-light 
irradiation at 30℃. In a typical procedure, a 0.0700 g samples was 
dispersed in 70 mL MO solution (10 mg/L). Until the lamp (300 W 
Xe arc lamp, with a cut-off filter supply visible light with λ ≥ 400 
nm) was turned on to start irradiation, the solution was stirred for 0.5 
h in the dark to get the adsorption/desorption equilibrium between 
the photocatalyst and the dye. The solution was sampled at 0.5 h 
intervals and was centrifuged, and then the above liquid was 
monitored by UV-vis spectroscopy at 463 nm. The degradation of 
CIP and BPA was similar to the above operation. The degraded 
solution was analyzed by UV-vis spectrophotometer and HPLC.  

 
2.5 Antibacterial activity 

All of the glassware and the culture medium solution were 
sterilized by autoclaving at 121℃  for 20 min prior to use. All 
experiments were performed under sterile conditions.  

The effect of sample on the bacterial growth in the absence of 
light was using qualitative test, inhibition zone (disc diffusion test). 
Firstly, 0.02 mL of the prepared Escherichia coli (E. coli) bacteria 
suspension was dispersed on nutrient agar medium. Then, about 9 
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mm diameter of the sample was prepared on the nutrient agar 
medium. At last, the culture dish was incubated at 37℃ for 24 h in 
dark. 

The photocatalytic antibacterial experiments were performed in a 
typical method: 20 mg of as-prepared sample were added into 20 mL 
culture medium solution. Then, certain volume the prepared 
Escherichia coli (E. coli) bacteria suspension was transferred into 
the mixture (the mixture concentration is 1/(2*104) to that of original 
E. coli). The mixture was then magnetic stirred in the dark for 0.5 h, 
after that the light was open to start irradiation. 0.02 mL of the 
solution was sampled at the time of 0 min, 15 min and 30 min, 
respectively. Each solution was dispersed on nutrient agar medium 
and incubated at 37℃ for 24 h in dark.  

 

Results and discussion,  

3.1 XRD and TEM analysis 

Fig.1 shows the XRD patterns of the magnetic photocatalyst 
Ag/AgCl/CoFe2O4 and pure CoFe2O4. As shown in Fig. 1a, the 2θ 
degree at 30.1°, 35.2°, 43.0°, 53.4°, 56.9° and 62.6° (marked with 
“♣”) are correspond to the (220), (311), (222), (400), (422), (511) 
and (440) crystalline planes of the CoFe2O4 (JCPDS card no. 22-
1086) [30], respectively. As shown in Fig. 1b, seven distinctive 
peaks at 32.1°, 46.2°, 54.7°, 57.4°, 67.4°, 74.4° and 76.6° (marked 
with “◆”) were observed, which corresponding to the (200), (220), 
(311), (222), (400), (331) and (420) planes of AgCl crystal (JCPDS 
cards no. 31-1238) in the Ag/AgCl/CoFe2O4 (0.3:1). The distinctive 
peak at 38.1° (marked with “●”) is ascribed to the (111) plane of 
metallic Ag (JCPDS cards no. 04-0783). Besides, no other 
diffraction peaks are found, which indicates that the composites are 
composed of Ag, AgCl and CoFe2O4. For further investigation of the 
composites of Ag/AgCl/CoFe2O4 photocatalyst, the 
Ag/AgCl/CoFe2O4 with different ratios were characterized and 
shown in Fig. 1 c-g. It can be seen that the intensity of the CoFe2O4 
decreased gradually with the Ag/AgCl content increased, but the 
diffraction peaks of CoFe2O4 do not shift. It indicates that the 
addition Ag/AgCl was on CoFe2O4 surface, but not incorporated into 
its lattice.  

The morphology of the pure CoFe2O4 and the 
Ag/AgCl/CoFe2O4 was investigated by TEM and the results are 
shown below. In Fig. 2A, it shows that the CoFe2O4 is in the form of 
small particles, which stick together and the average particles size is 
20 nm approximately. Fig. 2B shows the TEM of Ag/AgCl/CoFe2O4 
(3:1). The image reveals that several large particles (in the range of 
50 nm-100 nm) are obviously different to that of CoFe2O4, which 
ascribed to the introduced Ag/AgCl. It can be seen that the Ag/AgCl 
particles and the CoFe2O4 particles stick together, which indicates 
that they have a good combination because they did not depart after 
the ultrasonic process before TEM analysis. The combination is 
beneficial to the magnetic separation of the Ag/AgCl/CoFe2O4 from 
the solution of contaminant. When the content of Ag/AgCl was 
raised (Ag/AgCl/CoFe2O4 (4:1)), the large particles become more in 
number and agglomerated together (as shown in Fig. 2 C). This may 
not beneficial to the photoactivity of the composite.  
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Fig.1 the XRD pattern of (a) CoFe2O4, (b) Ag/AgCl/CoFe2O4 
(0.3:1), (c) Ag/AgCl/CoFe2O4 (0.5:1), (d) Ag/AgCl/CoFe2O4 (1:1), 
(e) Ag/AgCl/CoFe2O4 (2:1), (f) Ag/AgCl/CoFe2O4 (3:1) and (g) 
Ag/AgCl/CoFe2O4 (4:1).  
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Fig. 2 TEM images of (A) CoFe2O4, (B) Ag/AgCl/CoFe2O4 (3:1) 
and (C) Ag/AgCl/CoFe2O4 (4:1). 

 

3.2 XPS analysis  

The XPS was used to measure the surface elements valences and 
components of the CoFe2O4 and Ag/AgCl/CoFe2O4. Fig. 3 A shows 
the survey spectrum of CoFe2O4 and Ag/AgCl/CoFe2O4 (3:1). It is 
obviously that the Ag/AgCl/CoFe2O4 (3:1) composite showed Ag 3d 
and Cl 2p signals more than that of CoFe2O4 (which possess O 1s, 
Co 2p and Fe 2p). Fig. 3 B, C, D and E show the high-resolution 
XPS spectrum of Co 2p, Fe 2p, Ag 3d and Cl 2p of the samples. As 
shown in Fig. 3 B, there’re two peaks in the Co 2p spectrum for 
CoFe2O4, the peak at 795.3 eV corresponds to Co 2p1/2, while the 
peak at about 780.0 eV attributes to Co 2p3/2 [31]. When the 
Ag/AgCl was introduced, both the two peaks show a little shift. The 
peak at 795.3 eV shift to 795.9 eV and the peak at 780.0 eV shift to 
780.5 eV. As shown in Fig. 3 C, the Fe 2p spectra possess two peaks 
at 711.0 eV (Fe 2p3/2) and 724.5 eV (Fe 2p1/2) suggesting the 
presence of Fe3+ cation [32]. Furthermore, these two peaks all shift 
after the deposition of Ag/AgCl (the peak at 711.0 eV shifts to 710.7 
eV and the peak at 724.5 eV shift to724.0 eV.). The change of Co 
and Fe spectra indicate the addition of Ag/AgCl has combined with 
CoFe2O4 and affects the chemical condition of Co and Fe in 
CoFe2O4 sample. Fig. 3d shows the high-resolution spectrum of Ag 
3d. The two peaks around 366.4 eV and 372.4 eV are ascribe to the 
3d5/2 and 3d3/2 of Ag, respectively. Wherein, the two peaks both 
revealed a shift about 1 eV compared to pure Ag/AgCl to our 
previous work Ag@AgCl [33]. At the same time, for the Cl 
spectrum in Fig. 3E, the two peaks are observed at binding energy of 
about 196.7 eV and 198.3 eV, representing Cl 2p3/2 and Cl 2p1/2, 
respectively. Meanwhile, a shift of about 1 eV happened in the Cl 2p 
peak [33]. In all, the shift of Ag and Cl peaks reveal the chemical 
environment in the Ag/AgCl/CoFe2O4 sample has been changed 
when compared to pure Ag/AgCl. The XPS results disclosed the 
information of different kinds of element in Ag/AgCl/CoFe2O4 as 
well as proved the interaction between the Ag/AgCl and CoFe2O4. It 
suggests that the Ag/AgCl and CoFe2O4 has been successfully 
combined together instead of simple adsorption. Therefore, it would 
be beneficial to be separated by the external magnet. 

1000 800 600 400 200 0

A
g
 3
p

A
g
 3
p

A
g
 3
d

C
l 
2
p

F
e
3
s

F
e
3
p

O
1
s

C
o
 2
p

F
e
2
p

C
o
2
s

O
 K
L
L

c
/s

Binding Energy (eV)

  b Ag/AgCl/CoFe
2
O

4
 

  a CoFe
2
O

4

b

 

 

A

a

770 775 780 785 790 795 800 805 810

a

C
/S

Binding Energy (eV)

 b Ag/AgCl/CoFe
2
O

4

 a CoFe2O4

Co 2p
3/2

Co 2p
1/2

B

 

 

b

700 705 710 715 720 725 730 735 740

C
/S

Binding Energy (eV)

  b Ag/AgCl/CoFe
2
O

4

  a CoFe
2
O

4

 

 

Fe 2p
3/2 Fe 2p

1/2

C

a

b

 

360 363 366 369 372 375 378

c
/s

Binding Energy (eV)

Ag 3d
5/2

Ag 3d
3/2

 

 

D

 

Page 5 of 10 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name ARTICLE 

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 5  

192 195 198 201 204

c
/s

Binding Energy (eV)

 

Cl 2p
3/2

Cl 2p
1/2

E

 

Fig. 3 The survey spectra of CoFe2O4, Ag/AgCl/CoFe2O4 (A) and 
the high resolution XPS spectrum of Co 2p (B), Fe 2p (C), Ag 3d 
(D) and Cl 2p (E). 

 

3.3 UV-Vis analysis 

The optical properties of the photocatalyst of CoFe2O4 and 
Ag/AgCl/CoFe2O4 composite were investigated by UV-vis 
absorption spectroscopy (in diffuse reflectance spectra (DRS) mode) 
and the results are shown in Fig. 4. As shown in Fig. 4a, the 
absorption intensity of pure CoFe2O4 is very high in both UV and 
visible light region. It may be due to the black color of the CoFe2O4 
material. When Ag/AgCl was introduced, the absorption intensity of 
Ag/AgCl/CoFe2O4 composites decreased in UV and visible light 
region with the increase of Ag/AgCl content (as shown in Fig. 4 b-f). 
The higher content of Ag/AgCl leads to the lighter color of the 
composites. The phenomenon suggests that the introduced Ag/AgCl 
is covered on the surface of CoFe2O4.  
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Fig. 4 UV-Vis absorption spectra of (a) CoFe2O4, (b) Ag/AgCl/ 
CoFe2O4 (0.5:1), (c) Ag/AgCl/CoFe2O4 (1:1), (d) Ag/AgCl/CoFe2O4 
(2:1), (e) Ag/AgCl/CoFe2O4 (3:1) and (f) Ag/AgCl/CoFe2O4 (4:1). 

 

3.4 Magnetic performances 

The magnetic property of the composites is very useful for the 
recovery of magnetic photocatalysts in solution reactions. The 
magnetic property of CoFe2O4 and Ag/AgCl/CoFe2O4 (3:1) was 
measured by the vibrating sample magnetometer (VSM). The 

magnetization measurements were carried out at room temperature 
and the applied magnetic field was 20 kOe. As Fig. 5 shows, the 
detected magnetic saturation (Ms) values of CoFe2O4 and 
Ag/AgCl/CoFe2O4 (3:1) are 93.4 emu/g and 17.2 emu/g, 
respectively. The coercivities of the two composites are 
nearly1003.1Oe and 351.1 Oe, and the remnant magnetizations (Mr) 
are 26.8 emu/g and 2.2 emu/g approximately for CoFe2O4 and 
Ag/AgCl/CoFe2O4 (3:1). Obviously, the above three properties of 
the Ag/AgCl/CoFe2O4 composite are lower than that of CoFe2O4. 
However, the magnetic property of CoFe2O4 in the composite was 
kept and can be used to separate the Ag/AgCl/CoFe2O4 (3:1) 
photocatalyst from reaction solution. The left inset photo displays 
the Ag/AgCl/CoFe2O4 (3:1) dispersed in solution. As shown in the 
right inset photo, the Ag/AgCl/CoFe2O4 (3:1) can be separated by an 
external magnet.  
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Fig. 5 Field-dependent magnetization curves of CoFe2O4 and 
Ag/AgCl/CoFe2O4 (3:1). The inset photos show the 
Ag/AgCl/CoFe2O4 (3:1) before and after magnetic separation. 

 

3.5 Photocatalytic activity 

Fig. 6 A illustrates the photocatalytic activity of the CoFe2O4 and 
Ag/AgCl/CoFe2O4 (with different Ag/AgCl content) for the 
degradation of MO in aqueous solution under visible-light 
irradiation. It is clear that the pure CoFe2O4 showed extremely low 
degradation efficiency for MO in 3 h. When the Ag/AgCl was 
introduced to combine with CoFe2O4, the degradation ability of 
Ag/AgCl/CoFe2O4 photocatalyst increased with the increasing 
content of the Ag/AgCl. The Ag/AgCl/CoFe2O4 (3:1) showed the 
highest photoactivity performance. It can decompose 93.38 % of 
MO in 1.5 h and 99.03 % in 3 h. Fig 6 B shows the full UV-vis 
spectra of MO during the photodegradation. It is clear that the 
intensity of the absorption peak at about 463 nm decreased 
gradually. It means the MO was gradually photodecomposed by the 
Ag/AgCl/CoFe2O4 (3:1) under visible-light irradiation. When the 
Ag/AgCl content was further raised, the Ag/AgCl/CoFe2O4 (4:1) 
degradation rate decreased compared to the Ag/AgCl/CoFe2O4 (3:1). 
It is probably because of the excessive AgCl agglomerate together 
(as shown in Fig. 2). The corresponding (C0 - C) plot has a good 
linearity (Fig. 6 C), indicating that the sunlight-driven 
photodegradation of MO solutions in the presence of photocatalyst 
follows the zero-order kinetics. The degradation rate constant of MO 
is shown in Fig. 6 D. The degradation rate constant of 
Ag/AgCl/CoFe2O4 (3:1) is the highest. It indicates that it has the 
highest photoactivity, which is in good agreement with the Fig. 6 A. 

It is known that a series of reactive species may be involved in the 
degradation process. In order to probe the underlying reactive 
species of the Ag/AgCl/CoFe2O4 during the photocatalytic process, 
some scavengers were used to investigate them. In this work, 
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isopropyl alcohol (IPA) was used as •OH scavenger, L-ascorbic acid 
was used as an •O2

− scavenger and disodium 
ethylenediaminetetraacetate (EDTA-2Na) was added as an h+ 
scavenger. As shown in Fig. 6E, the introduction of isopropanol had 
little effect on the degradation efficiency. It indicates that the •OH 
was not the main dominant reactive species in this system. The 
degradation efficiency of MO was reduced significantly by the 
introduction of L-ascorbic acid (a quencher of •O2

−) or EDTA-2Na 
(a quencher of h+), suggesting that the •O2

− and h+ played an 
important role in the photocatalytic degradation process. This is in 
good agreement with the reported work [34, 35]. 

Moreover, the photocatalytic stability of Ag/AgCl/CoFe2O4 was 
investigated by three repeated MO degradation experiments. As 
shown in Fig. 7, the photoactivity of the Ag/AgCl/CoFe2O4 (3:1) is 
still very high after three cycle experiments. The little decrease may 
be due to a loss of small amount photocatalyst in the recycle 
experiments. Therefore, Ag/AgCl/CoFe2O4 can be used as an 
effective, stable magnetic recoverable photocatalyst for organic 
compounds degradation. 
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Fig. 6 The photoactivity of the samples in degrading MO dye under 

visible-light irradiation (A); the evolution of the absorption spectra 

of MO over time in the presence of Ag/AgCl/CoFe2O4 (3:1) (B), The 

zero-order kinetics of MO degradation in the presence of CoFe2O4 

and Ag/AgCl/CoFe2O4 photocatalysts with different ratio of 

Ag/AgCl:CoFe2O4 (C); The degradation rate constant of MO with 

different samples(D) and the effects of some scavengers on the 

photocatalytic activity of the as-prepared Ag/AgCl/CoFe2O4 (3:1) 

for the photocatalytic decoloration of MO (E). 
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Fig. 7 The recycle experiments in the repeated MO degradation 
experiments with Ag/AgCl/CoFe2O4 (3:1) under visible-light 
irradiation.  
 

As can be seen from the above results, Ag/AgCl/CoFe2O4 can 
degrade the color pollutant MO efficiently. In order to exclude the 
dye-sensitized reaction, the colorless pollutants of CIP and BPA 
were also used as the contaminants to further evaluate the 
mineralization ability of the Ag/AgCl/CoFe2O4 (3:1) composite. As 
shown in Fig. 8 A and D, it is clear that the CIP and BPA cannot be 
degraded under visible light irradiation without the existence of 
photocatalyst. The intensity of them show a little decreased after the 
CoFe2O4 was introduced, which may ascribed to some pollutant was 
adsorbed by the CoFe2O4 (as shown in Fig. 8 B and E). However, 
the pure CoFe2O4 has no photoactivity in degrading the CIP or BPA. 
The intensity of the pollutant did not decrease even after 3 h 
irradiation in the presence of CoFe2O4. As shown in Fig. 8 C, the 
two characteristic peaks of CIP decreased gradually. It suggests that 
the CIP can be efficiently degraded in the presence of 
Ag/AgCl/CoFe2O4 (3:1) under visible-light irradiation. Fig. 8 F 
shows the UV-vis absorption spectra of the aqueous solutions of 
BPA at different periods. It is clear that the characteristic peak of 
BPA decreased with the reaction time. Within 90 min reaction time, 
BPA was almost completely decomposed by Ag/AgCl/CoFe2O4 
(3:1) photocatalyst. The degraded BPA solution was also 
investigated by the HPLC and the results are shown in Fig. 8 G. It is 
obviously that the characteristic peak of BPA decreased with the 
photoreaction process and almost disappeared in 90 min, which 
confirmed that the BPA was indeed decomposed by the 
Ag/AgCl/CoFe2O4 (3:1).  
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Fig. 8 Evolution of the absorption spectra of CIP (A) and BPA (D) 
without photocatalyst; CIP (B) and BPA (E) in the presence of 
CoFe2O4; CIP (C) and BPA (F) in the presence of Ag/AgCl/CoFe2O4 
(3:1) under visible light irradiation. The HPLC of the BPA degraded 
solution for different time with the presence of Ag/AgCl/CoFe2O4 
(3:1) (G). 

 

3.6 Antibacterial activity 

Fig. 9 A shows the results of antibacterial experiment of CoFe2O4 
and Ag/AgCl/CoFe2O4 (3:1) in dark. It is clear that the CoFe2O4 has 
no inhibition zone while the Ag/AgCl/CoFe2O4 (3:1) has a clear 
inhibition zone about 19 mm against E.coli. The results indicate that 
the pure CoFe2O4 has no antibacterial ability while the 
Ag/AgCl/CoFe2O4 (3:1) has a good antibacterial ability in dark [34]. 
Fig. 9 B shows the results of photocatalytic antibacterial 
experiments. Without the existence of the photocatalyst, no obvious 
decrease of E.coli in amount was observed after the irradiation for 30 
min. It indicates that the E. coli cannot be inhibited by the light 
irradiation. In the presence of pure CoFe2O4, lots of the E.coli was 
still alive after visible light irradiated for 30 min. No obvious 
decrease in amount was observed. It indicates that the pure CoFe2O4 
has no significant ability in killing the E.coli. In the presence of 
Ag/AgCl/CoFe2O4 (3:1), lots of E.coli was still alive without light 
irradiation. However, when the system was irradiated by the visible 
light for 15 min, more than half of the E.coli was killed. When the 
system was irradiated for 30 min, all of the E.coli was killed. The 
results indicate that the Ag/AgCl/CoFe2O4 can be activated by the 
visible light to kill the E.coli efficiently. The results reveal that the 
Ag/AgCl/CoFe2O4 possesses the antibacterial ability with or without 
light.  
  Based on the above results, it can be concluded that the 
Ag/AgCl/CoFe2O4 is an effective and stable magnetic photocatalyst, 
which can degrade color and colorless pollutant as well as killing the 
bacteria in water at the same time. Besides, its magnetic property is 
benefit for its recovering after reaction. Thus, the Ag/AgCl/CoFe2O4 
is a promising composite in practical fields during water process. 

Page 8 of 10RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

8 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012 

 

 

Fig. 9 The representative inhibition zone of CoFe2O4 and 
Ag/AgCl/CoFe2O4 (3:1) disks against E. coli after 24 h incubation in 
dark (A) and the photocatalytic antibacterial activities of light only, 
CoFe2O4 and Ag/AgCl/CoFe2O4 (3:1) against bacteria E. coli at 
different irradiation time (B). 

 

Conclusions 

The magnetic recoverable Ag/AgCl/CoFe2O4 photocatalyst has 
been successfully fabricated by a two-step method. The composite 
showed high degradation ability in degrading MO, CIP and BPA 
pollutants. The HPLC results showed that the BPA can be 
completely decomposed by the Ag/AgCl/CoFe2O4 (3:1) in 90 min. 
The combination of the Ag/AgCl and CoFe2O4 is so strong that the 
composite can be easily recovered by magnet after three cycle 
experiments and still kept the high photoactivity. Besides, the 
Ag/AgCl/CoFe2O4 showed high photocatalytic antibacterial ability 
against E. coli. This work provides a new strategy to synthesize 
magnetic recoverable photocatalyst. 
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