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The development of efficient visible-light-driven photocatalysts remains one of the greatest scientific 

challenges of this century. In this paper, visible light active ZnO/Ag heterostructures have been 

synthesized in a large-scale by a simple one-pot synthesis method. Influence of Zn/Ag ratio on the 

properties of heterostructures was investigated in detail. In light of the formation process of 

heterostructures, ZnO rods and Ag nanoparticles can link each other by strong bond due to the bridging 10 

effect of NH3, which is found to be essential for the efficient visible-light-responsive activity and stability. 

These heterstructures were characterized by transmission electron microscopy (TEM), energy-dispersive 

X-ray spectroscopy (EDX), X-ray diffraction (XRD), X-ray fluorescence, Raman and UV−vis 

spectroscopy. These results indicate that ZnO/Ag composition is well-constructed with a band gap of 2.85 

eV. Moreover, photocatalytic experiments show that these ZnO/Ag heterostructures are robust and exhibit 15 

high photocatalytic activity for the efficient separation of electron-hole pairs and the subsequent 

generation of hydroxyl radicals.

1. Introduction 

One of the great challenges in the research of photocatalysts is to 
rationally design materials for harvesting solar energy. In this 20 

regard, nanostructures have attracted significant interest because 
their optical and electrical properties can be tuned by adjusting 
the size and morphology. One of the methods to increase the 
efficiency of the photocatalytic activity is to develop 
heterogeneous metal/semiconductor nanocomposite materials.1-6 25 

ZnO is a widely used semiconductor with a band gap about 3.37 
eV and an exciton binding energy of 60 meV.7 For its low cost 
and environmental friendliness, ZnO is regarded as a promising 
photocatalyst.8 Metal particle of Au or Ag with an intense 
localized surface plasmon resonance (LSPR) peak can act as a 30 

nano-antenna for light trapping, resulting from photoexcitation of 
the LSPR peak to form a locally enhanced electric field in the 
proximity of metal nanoparticles.9-10 Recently, novel hybridized 
structures of silver and ZnO were designed and studied as 
efficient photocatalysts. These ZnO/Ag heterostructure revealed 35 

better photoelectric performance and photocatalytic properties 
than pure ZnO.11,12 In spite of these great achievements, there are 
two main limitations: most of ZnO/Ag composites suffer from the 
narrow absorption spectral range and could be excited by UV 
light only. Because about half of the solar energy is at the visible 40 

region, this is a great drawback for practical application. Even 
though, the visible light driven photocatalysts based on ZnO/Ag 
have been reported and revealed desirable performance, these 
visible light active ZnO/Ag nanocomposites were prepared 
through complicated procedures with special instruments, such as 45 

ITO glass, liquid arc discharge or laser instrument.13 Thus, the 
synthesis of visible-light-responsive ZnO/Ag heterostructure by a 

simple method becomes another main challenge and this requires 
a novel preparation strategy. 
Herein, we report an economical and large-scale one-pot 50 

synthesis route of the ZnO/Ag heterostructure as visible-light-
responsive photocatalyst. In this study, ammonia and Zn powder 
were added to the solution of NaOH containing AgNO3. After 
heating in air, the ZnO/Ag compositions were obtained. Using 
NH3 as a good bridging ligand leads to strong bonding between 55 

Ag nanoparticles and ZnO rods and a band gap of 2.85 eV was 
obtained, which is essential for the robust visible light 
photocatalytic activity and stability. 

2. Experimental  

2.1 Materials 60 

Zinc powder (Zn), sodium hydroxide (NaOH), silver nitrate 
(AgNO3), 2wt% aqueous ammonium solution (NH3·H2O), 
terephthalic acid (7.5×10−4 mol/L) and xylenol orange (2 g/L) 
were all analytical grade and used without further purification. 
Deionized water was employed throughout experiments.   65 

2.2 Preparation of ZnO/Ag heterostructures with different 
Zn/Ag ratio 

ZnO/Ag heterostructures with different Zn/Ag ratio were 
synthesized through a simple one-pot synthesis method as 
follows. 100 mL of (2%) NH3·H2O was added to a solution of 30 70 

mL NaOH (pH=11) containing various amounts of AgNO3 (0.005 
mol, 0.010 mol, 0.015 mol, 0.020 mol) in order to obtain the 
ZnO/Ag heterostructures with different Zn/Ag molar fraction 
(4:1, 4:2, 4:3, 4:4). After stirring for 1 h, 0.020 mol of Zn was 
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added into the previous solution, respectively. The resulting 
solution was stirred at room temperature for 2 h and then heated 
in the air at 160 °C for 16 h. The products were washed with 
water, and dried in the air at 100 °C for 12 h. For comparison, 
ZnO nanocrystals were also prepared according to the same 5 

preparation procedure of ZnO/Ag heterostructures without 
addition of AgNO3. The obtained ZnO/Ag heterostructure with 
Zn/Ag ratio of 4:4 was named as sample 1. 

2.3 Control experiments for preparation of ZnO/Ag sample 1 

To confirm the formation process of the ZnO/Ag heterostructure 10 

sample 1, control experiments to investigate the influence of 
Zn(NH3)4

2+ and temperature were carried out as follows, and the 
products were named as sample 2 and sample 3 respectively. (1) 
Sample 2: Firstly, NH3·H2O, NaOH, AgNO3 and Zn were mixed 
according to the same procedure and condition used in the 15 

preparations of sample 1. The resulting solution was stirred at 
room temperature for 2 h and then washed with water to remove 
the Zn(NH3)4

2+, and finally heated in the air at 160 °C for 16 h. 
(2) Sample 3: Firstly, NH3·H2O, NaOH, AgNO3 and Zn were 
mixed according to the same procedure and condition used in the 20 

preparations of sample 1. Then the resulting solution was stirred 
at room temperature for 2 h and then heated in the air at 100 °C 
(lower than 160 °C for sample 1) for 16 h. The product was 
washed with water, and dried in the air at 100 °C for 12 h.  

2.4 Characterization methods of catalyst 25 

A D8 X-ray diffractometer (XRD, Bruker AXS, German) was 
employed using Cu Kα radiation (λ= 0.15418 nm) with a 
scanning rate of 4 °/min to verify the structures of the samples. 
X-ray fluorescence spectrometry (XRF) was carried out on an X-
ray fluorescence spectrometer (ARL, Switzerland) to determine 30 

the ratio of ZnO and Ag. JEOL JEM-2010 transmission electron 
microscope (TEM) was used to examine the morphologies. 
Energy-dispersive X-ray spectroscopy (EDX) was taken on the 
TEM. In situ Raman spectra were taken on a confocal 
microscopic Raman spectrometer (Renishow In-Via) with a 785 35 

nm laser light irradiation. UV-vis diffuse reflectance spectra were 
measured on a Shimadzu UV-3600 spectrophotometer. 
Photoelectrochemical experiments were performed on a CHI 
800C electrochemical workstation (Shanghai, China) with 
visible-light irradiation (>420nm) from a Xenon lamp (300W), 40 

and these experiments were done using a three-electrode cell 
configuration with a catalyst modified conductive glass as the 
working electrode, a platinum wire as the auxiliary electrode and 
a saturated Ag/AgCl electrode as the reference electrode. 

2.5 Photocatalytic experiments 45 

Xylenol orange (XO) was used as a representative dye indicator 
to evaluate the visible-light catalytic activity of ZnO/Ag 
heterostructure. 0.600 g of sample 1 photocatalyst was dispersed 
in a XO aqueous solution (26.7 mg/L, 150 mL). Before 
irradiation, the suspension was magnetically stirred for 1 h in the 50 

dark in order to reach adsorption–desorption equilibrium between 
the catalyst and the simulating pollutant. The mixture was then 
loaded to a reactor and continuously stirred during the exposure 
under visible-light irradiation (>420 nm) from a Xenon lamp (300 
W). 3 mL aliquots were sampled and centrifuged to remove the 55 

catalyst at given time intervals. UV-vis spectrophotometer (TU-

1901, Beijing Pgeneral Instrument Co. Ltd.) was used to 
determinate the concentrations of the target pollutants (XO) at 
574 nm. For comparison, the catalytic activities of ZnO/Ag 
heterostructures with different Zn/Ag ratio (4:1, 4:2, 4:3), sample 60 

2, sample 3 and pure ZnO were also evaluated in the same way. 

2.6 Determination of active oxidative species 

Terephthalic acid was used as a fluorescence probe for hydroxyl 
radicals. The ZnO/Ag heterostructures photocatalyst were 
illuminated in the presence of terephthalic acid with same light 65 

source. The fluorescence intensity was measured using a 
fluorescence spectrophotometer (Cary Esclipse, US Varian Co. 
Ltd) and the fluorescence emission spectrum (excitation at 315 
nm) of the solution was measured every 5 min during irradiation. 
To further confirm the main reactive specie responsible for the 70 

degradation of organic contaminants, the influence of tert-
Butanol (a hydroxyl radical scavenger) on degradation of XO was 
investigated and 2 mol/L of tert-Butanol was used in the 
photocatalysis system. 

3. Results and discussion 75 
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Fig. 1 XRD patterns of ZnO and ZnO/Ag heterostructures with different 
Zn/Ag ratio.  

3.1 Influence of Zn/Ag ratio on ZnO/Ag heterostructures 

ZnO/Ag heterostructures with different Zn/Ag ratio were 80 

prepared to investigate the influence of the amount of silver. Fig. 
1 shows the XRD patterns of these samples. The lattice 
parameters of ZnO and the ZnO/Ag heterostructure with different 
loading amount of Ag were calculated by the software JADE 5.0 
and listed in Table 1. The unit cell volume and lattice parameter 85 

expanded, and such extension could be ascribed to larger Ag cell  
volume (V= 68.23Å3) compared to ZnO(47.62 Å3). Fig. 1 also 
shows the amplified XRD patterns in the 30–40° region, where a 
Bragg peak at 38.14° appears adjacent to the (1 0 0) diffraction of 
ZnO in presence of Ag. This peak can be indexed to the most 90 

prominent Bragg peak (1 1 1) for face-centered cubic (fcc) sliver 
(JCPDF 04-0783), whose intensity increased with the decrease of 
Zn/Ag ratio (Fig. 1). This reveals the incorporated Ag grows 
orientationally along the rods of ZnO. The crystallite sizes of 
ZnO/Ag heterostructure also significantly increased as the 95 

increase in Ag loading (Table 1). It can be seen that the calculated 
crystallite sizes of ZnO/Ag heterostructure are much larger than 
that of pure ZnO. The slight variations in lattice parameters and 
crystallite sizes suggest Ag was well dispersed. 

100 
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Table 1   the summarized characterization results 

Sample Crystal parameter Degradation 
rate/% 

K/min-1 Band gap 
energy/eV a/nm c/nm     c/a V/nm-3 

ZnO 3.24979 5.20658 1.602128 47.62 17.84 0.00658 3.15 

Zn:Ag=4:1 3.25062 5.20713 1.601888 47.65 25.11 0.00978 3.14 

Zn:Ag=4:2 3.25107 5.20964 1.602439 47.69 31.46 0.01195 3.13 

Zn:Ag=4:3 3.25128 5.21283 1.603316 47.72 49.17 0.02201 3.13 

Zn:Ag=4:4 3.25191 5.21783 1.604543 47.76 91.46 0.07165 2.85 
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Fig. 2 UV-visible diffuse reflectance spectra of ZnO/Ag heterostructures 
with different Zn/Ag ratio and the determination of the value of the band 5 

gap. 

From the UV-vis diffuse reflectance spectrum (Fig. 2),  with the 
increase of the amount of Ag, there is a obvious enhanced trend 
of the absorbance intensity in visible light range of 400-800 nm 
due to the surface plasmon resonance effect of Ag.9, 14 For a 10 

semiconductor, the optical absorption near the band edge follows 
the equation 15 ahν= A (hν− Eg)

n/2, in which a, ν, A, n and Eg are 
absorption coefficient, light frequency, proportionality constant, 
aninteger ( n= 1, 2, 4 and 6) and band gap energy, respectively. 
According to this equation, the band gap values of ZnO/Ag 15 

heterostructures with different Zn/Ag ratio were calculated and 
listed in Table 1. From pure ZnO to ZnO/Ag heterosructures with 
Zn/Ag ratio of 4:1, 4:2 and 4:3, the band gap energy changed 
gradually from 3.15 eV to 3.13 eV. When the Zn/Ag ratio turned 
to 4:4, the band gap of the heterostructure was adjusted to 2.85 20 

eV, which is significantly lower than that of the pure ZnO. This 
result clearly shows that absorption spectrum of ZnO was 
adjusted by formation of the visible light active ZnO/Ag 
heterostructures. 
XO, a chemically stable dye molecule with a characteristic 25 

absorption peak at 574 nm, was chosen as a probe molecule to 
assess photocatalytic reactivity of these samples with different 
Zn/Ag ratio. As shown in Fig. 3A, the concentration of XO 
remains unchanged after 30 min of visible-light irradiation in the 
absence of catalyst. Compared with blank experiment, pure ZnO 30 

revealed weak catalytic activity. In presence of ZnO/Ag 
heterostructures, the degradation rate of XO was accelerated 
under the same reaction conditions. Among these 
heterostructures, the sample with Zn/Ag of 4:4 exhibited the 

highest photocatalytic activity, which was nearly 91% XO 35 

removal within 30 min irradiation, while that was only 25% XO 
removal for sample of Zn/Ag=4:1. The apparent activity 
sequence of the catalysts are related to the Ag loading, according 
to the order as follows: Zn:Ag (4:4) > Zn:Ag (4:3) > Zn:Ag (4:2) 
> Zn:Ag(4:1) > Zn:Ag (4:0). The XO photodegradation on each 40 

ZnO/Ag heterostructure follows the pseudo-first-order kinetics 
model, ln(C/C0) = -kt, where C and C0 are the concentration of 
the dye in solution at time t and 0, respectively, and k is the 
pseudo-first-order rate constant.16 The rate constant, k of XO 
photodegradation were derived from the -ln(C/C0) ~ t plots (Fig. 45 

3B) and listed in Table 1. The rate constant changed from 
0.00978 to 0.01195, 0.02201 and 0.07165 min-1 with the Zn/Ag 
ratio increased from 4:1 to 4:2, 4:3 and 4:4. Considering the 
relationship of Zn/Ag ratio and optical properties of these 
ZnO/Ag heterostructures, the sample with Zn/Ag of 4:4 reveals 50 

better catalytic activity because more Ag was deposited on ZnO, 
leading to higher absorbance of visible light. Thus, the obtained 
ZnO/Ag heterostructure with Zn/Ag ratio of 4:4 was named as 
sample 1 and investigated further for the structure, formation 
process, photocatalytic application and mechanism. 55 
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Fig.3 (A) Photodegradation of XO over ZnO/Ag heterostructures with 
different Zn/Ag ratio samples; (B) plot of ln(C/C0) versus irradiation time 

under visible light (>420 nm). 

3.2 Structure and formation process of ZnO/Ag 

heterostructures 5 

Taking sample 1 as an example, the structure of ZnO/Ag 
heterostructure was discussed further here.  
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Fig. 4 A: XRD patterns of ZnO/Ag heterostructure sample 1 (a) and pure 10 

ZnO (b); B: XRD patterns of sample 1, sample 2 and sample 3. 

From the X-ray diffraction (XRD) patterns in Fig. 4A, pure ZnO 
sample can be indexed to a hexagonal wurtzite ZnO phase 
(JCPDF 36-1451). For the ZnO/Ag heterostructure sample 1, the 
peak at 31.741°, 34.400° and 36.319° are the peaks of ZnO, and 15 

the peak at 38.139° is the peak of the face-centered cubic (fcc) 
sliver (JCPDF 04-0783). Additionally, the peak at 66.379°, 
76.940° and 81.382° observed in pure ZnO sample disappeared 
insample 1 due to the interaction of ZnO and Ag. From Fig. 5 (a), 
we can see the general morphology of the ZnO/Ag 20 

heterostructure, where the sliver nanparticles were loaded on the 
ZnO nanorods about 90-100 nm in diameter. Various Ag 
nanoparticles in the sizes ranging from 10 to 20 nm were 
affiliated well on the surface of ZnO nanorods. The red circle 
position in Fig. 5 (a) of single ZnO/Ag heterostructure was 25 

detected by Energy-dispersive X-ray (EDX) spectrum as shown 
in Fig. 5 (b). It was observed that this nanoparticle was composed 
of Ag, Zn and O, indicating it is mainly Ag nanoparticle. The 
average contents of these elements were obtained from the X-ray 
fluorescence spectrometry (XRF) with 58.63% of ZnO and 30 

41.23% of Ag. The XRD, XRF and EDX results clearly show that 
sample 1 consists of ZnO and Ag. From EDX and TEM images, 
we propose that ZnO/Ag composition is well-constructed with 
ZnO rods and Ag particles.  

 35 

 
Fig. 5 TEM image (a) and EDX spectra (b) of ZnO/Ag heterostructure 

sample 1. 

In the Raman spectra (Fig. 6), the pure ZnO exhibits strong bands 
at 583.1, 435.3, 382.0, and 331.6 cm−1, which are corresponding 40 

to the E1 (LO), E2, A1 (TO), and A1 modes of wurtzite ZnO 
respectively.17 A stronger E2 mode and a much lower E1 mode 
indicate sample’s good crystal quality with a low oxygen 
vacancy. As to ZnO/Ag heterostructure sample 1, E2 and A1 
modes are significantly weaker than that of pure ZnO, and the A1 45 

(TO) red shift by 10 cm-1. There is a new peak at 480 cm-1 for 
sample 1 accompanying with the disappearance of E1 (LO) in the 
pure ZnO sample. The 480 cm-1 peak enhancement in Raman 
spectra is most probably due to the local field enhancement 
induced by the surface plasmons of the metallic Ag on the surface 50 

of the ZnO/Ag heterostructures.4, 18 As E1(LO) mode is associated 
with oxygen deficiency,8 the results reveal that the metallic Ag 
deposites around the sites of oxygen vacancy on the surface of 
ZnO, and then strong-bonded heterostructures form. 
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Fig. 6 Raman spectra of pure ZnO (a) and ZnO/Ag heterostructure sample 
1 (b). 

The formation process of the close-bonded composition has also 
been studied by the control experiments, which were designed to 
investigate the influence of Zn(NH3)4

2+ and temperature as 60 

described in experimental section. The XRD patterns of sample 2 
and sample 3 are shown in Fig. 4B. Since sample 2 was washed 
before heated, hexagonal wurtzite ZnO was not detected 
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according to the XRD result, indicating the crucial role of 
Zn(NH3)4

2+ for the formation of ZnO. In the case of lower 
temperature (100 °C), the product of sample 3 was composed of 
Ag/Zn5(OH)8(NO3)2·3NH3·7H2O (JCPDF 40-1459). This result 
indicates that higher temperature is necessary for the removal of 5 

NH3 “bridge” and the preparation of ZnO. Then the formation 
process of the ZnO/Ag heterostructure was concluded as follows. 
First, the zinc powder dispersed in the Tollens' reagent replaces 
the Ag+. The Ag nanparticles are then produced and scatter in the 
solution of Zn(NH3)4

2+. By the thermal decomposition of 10 

Zn(NH3)4
2+, the ZnO nanorods grow up and link with the 

surrounding Ag nanoparticles. During this process, NH3 plays an 
important role for the formation of ZnO/Ag heterostructures due 
to its unique coordination to the surface of both ZnO and Ag. 
Accompanying the removal of NH3 “bridge” at high temperature, 15 

ZnO rods and Ag nanoparticles are close enough and strong 
bonds form. 
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Fig.7 Photodegradation of XO over ZnO/Ag heterostructures sample 1, 

sample 2 and sample 3. 20 

In addition, the catalytic performance of sample 2 and sample 3 
were also investigated and the results are shown in Fig. 7. 
Compared with that of sample 1, the catalytic activity of sample 2 
was negligible, and sample 3 revealed a moderate catalytic 
activity which was about half of the activity of sample 1. The 25 

photocatalytic performance could be explained by the UV-visible 
diffuse reflectance spectra of sample 2 and sample 3, which are 
shown in Fig. 2. There is a positive relationship between the 
absorbance in visible light range and the photocatalytic activity 
driven by visible light. 30 
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Fig. 8 A: Time-dependent UV–vis absorbance spectra of the XO solution 

in the presence of ZnO/Ag heterostructure sample 1. B: Photocatalytic 
behaviors of the ZnO/Ag heterostructure sample 1 for the degradation of 35 

XO in 5 consecutive cycles (the reaction time for each cycle was 30 min). 

3.3 Photocatalytic application and mechanism 

Photocatalytic activity of sample 1 under visible light (>420 nm) 
has been measured by degradation of XO dye as a model reaction 
(Fig. 3). From the time-dependent absorbance spectra in the 40 

presence of ZnO/Ag heterostructure (Fig. 8A), it can be seen that 
the absorbance peak at 574 nm decreased significantly and no 
new peak appeared between 250 nm and 800 nm, which indicated 
the degradation of the dye molecules. In addition, this catalyst 
can be used for multiple runs (Fig. 8B), and there is no obvious 45 

decrease in catalytic activity after five circles. Thus, this catalyst 
is very robust during photolysis, which could be due to its high 
crystallinity.  
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Fig. 9 Photoelectric conversion performances of ZnO/Ag heterostructure 50 

sample 1 in 0.1 mol/L Na2SO4 aqueous solutions under visible light. 

Owing to their intrinsic band-gap structure, semiconductors 
exhibit unique photoelectric property. This provides a simple and 
economical light-to-electric conversion approach for various 
energy-related applications.19 To further investigate the photo-55 

induced behaviors and photo-electrochemical property, the 
transient photocurrent responses of ZnO/Ag heterostructure 
sample 1 was measured via the on–off illumination under visible 
light. ZnO/Ag heterostructure sample 1 was deposited on indium 
tin oxide (ITO) glass before determination. As shown in Fig. 9, 60 

the ZnO/Ag heterostructures exhibit a remarkable photoelectric 
current. This is due to a good separation of the plasmon-induced 
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electron–hole pairs at the interface of Ag and ZnO. The electrons 
transfer from ZnO to ITO, while the holes moved to Ag surface 
are trapped by the electrolyte.  
In the photocatalytic system for degradation of organic 
compound, there are two common routes: one is that organic 5 

molecule is oxidized by holes directly and the other is through the 
generation of oxidative radicals. Because the adsorption of XO on 
catalyst is negligible through the adsorption–desorption 
equilibrium in dark, XO dye could be oxidized by radicals in bulk 
solution. To determine the role of hydroxyl radical in 10 

photocatalytic degradation of dyes, terephthalic acid was used as 
a fluorescence probe.20 The ZnO/Ag heterostructure sample 1 
was illuminated in the terephthalic acid solution with the same 
light source. Gradual increase of the fluorescence intensity at 425 
nm was observed with longer illumination time (Fig. 10A). This 15 

indicates the generation of •OH during the illumination. Tert-
Butanol as an effective hydroxyl radical scavenger is widely used 
to identify the existence of •OH reactions.21 In Fig. 10B, 
photodegradation of XO was largely inhibited by the addition of 
tert-Butanol. Hence the radical •OH is one of the reactive species 20 

in the reaction. Thus, XO dye was degraded by the hydroxyl 
radicals diffused from the surface of catalyst to bulk solution. 
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Fig. 10 A: Fluorescence spectra (excitation at 315 nm) during 25 

illumination of ZnO/Ag sample 1 in terephthalic acid (7.5×10-4 mol/L); B: 
photocatalytic degradation curves of XO over ZnO/Ag catalyst under 

different conditions: with tert-Butanol (a), without tert-Butanol (b) under 
visible light (>420 nm). 

Due to the strong surface plasmon absorption of Ag nanparticles, 30 

the ZnO/Ag heterstructure is visible light active. Because the 
bottom energy level of the conduction band (CB) of ZnO is 
higher than the new equilibrium Fermi energy level (Ef) of 
ZnO/Ag heterostructure, the photoexcited electrons on the CB 

can transfer from ZnO to the Ag nanparticles, leading to the 35 

separation of electron-hole pairs and generation of ·OH. 11, 22  
As shown in Scheme 1, through the unique bridging effect of 
NH3, ZnO rods and Ag nanoparticles are bonded closely. This 
incorporation results in the adjustment of band gap energy and 
influents the electron-transfer between ZnO and Ag,23 which lead 40 

to high visible-light-driven catalytic activity and stability.  

 
Scheme 1 Proposed scheme for formation of ZnO/Ag heterostructure and 

mechanism of photocatalysis under visible light. 

4. Conclusions 45 

A simple and one-pot synthesis method at mind conditions for 
visible light active ZnO/Ag heterostructure has been studied. By 
comparison of ZnO/Ag heterostructures with different Ag loading 
amounts, it was found that the XO visible-light photodegradation 
on the ZnO/Ag heterostructure was closely related to the Ag 50 

loading, and the sample with Zn/Ag of 4:4 revealed the best 
catalytic performance. The enhanced photocatalytic activity is 
mainly attributed to the band structure and intense localized 
surface plasmon resonance. Due to the strong surface plasmon 
absorption of Ag nanoparticles, the band gap of ZnO/Ag 55 

heterostructure with Zn/Ag of 4:4 is adjusted to 2.85 eV. 
Furthermore, the ZnO/Ag heterostructure shows a high separation 
efficiency of the photo-induced electron-hole pairs and generation 
of the hydroxyl radicals, which is important for the removal of 
organic pollutants by oxidation mechanism. Due to the bridging 60 

effect of NH3, ZnO rods and Ag nanoparticles can link each other 
by strong bonds. The preparation method may open a new route 
for synthesis of metal/semiconductor heterostructures with 
desired properties.  
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A simple, mild and large-scale one-pot synthesis method for visible light active 

ZnO/Ag heterostructures was proposed 
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