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Ag3PO4/SnO2 semiconductor nanocomposites exhibit much

higher photocatalytic activity and good stability than pure

Ag3PO4 for the photodegradation of organic compounds (methyl

orange) in the absence of electron acceptors under visible light.

Intense research has been devoted to searching for suitable

semiconductor based photocatalysts due to their applications

in solving environmental pollution and solar energy conversion

utilizing the energy of either natural sunlight or artificial indoor

illumination.1–6 More recently, a great breakthrough was made

by Yi and co-workers, who reported a new use of Ag3PO4

semiconductor,7–9 which can make full use of visible light (up to

90%) for O2 evolution from water as well as great photo-

decomposition of organic compounds. However, Ag3PO4 is

slightly soluble in aqueous solution, which greatly reduces its

structural stability.7 Unfortunately, the photocatalytic process

is usually accompanied by the transformation of Ag+ into Ag,

resulting in the photocorrosion of Ag3PO4 in the absence of

electron acceptors.9 Therefore, it is still a huge challenge to

develop a facile and efficient way to modify the stability of

Ag3PO4 photocatalyst and maintain or enhance its activity

without using sacrificial reagents.9

The photocatalytic activity of a semiconductor is strongly

dependent on the transport and separation efficiencies of

photo-generated electrons and holes in the photocatalysts.10–12

However, free charge carriers (free electrons and holes) are

easily trapped or scattered by various kinds of random defects,

resulting in increasing recombination probability. Therefore,

promoting the separation of photogenerated electrons and

holes will facilitate the photocatalytic process. SnO2, a direct

wide band gap n-type semiconductor (Eg = 3.8 eV) with

outstanding electrical and optical properties, has been widely

applied to gas sensing, electrocatalysts, photocatalysts, and

lithium electrodes.13–16 Recently, many efforts have been

devoted to the controlled synthesis of SnO2-semiconductor

nanocomposites with suitable valence band and conduction band

positions (such as SnO2/TiO2, SnO2/ZnO, SnO2/Fe2O3, etc.)
17–19 to

effectively decrease the probability of electron–hole recombination

and enhance the photocatalytic activities. The hybrid nanoparticles

have shown novel optical or catalytic properties compared

with their individual single-component materials. Considering

these great merits of SnO2-based complex photocatalysts and the

limitations of the Ag3PO4 photocatalytic system, the combination

of SnO2 and Ag3PO4 may be regarded as an ideal strategy to

construct a stable and efficient complex photocatalytic system.

Herein, we report the facile one-step fabrication of Ag3PO4/

SnO2 composites, which were demonstrated to show improved

photocatalytic performance and structural stability for the

photodecomposition of organic compounds (methyl orange)

under visible light. Accordingly, a reasonable model is

proposed to illustrate the key roles of SnO2 in the photocatalytic

process. It is noteworthy that this is the first report regarding the

Ag3PO4/SnO2 semiconductor composites for organic compounds

under visible light.

To reveal the role of SnO2 in improving and stabilizing the

photocatalytic activity of Ag3PO4 complex system, rhombic

dodecahedral-like Ag3PO4 nanoparticles with relatively smooth

surface and average diameter of ca. 800 nm were fabricated for

comparison (Fig. S1w). Ag3PO4/SnO2 composites were synthesized

by simply reacting CH3COOAg with Na2HPO4 in Na2SnO3�3H2O

aqueous solution at room temperature (see ESIw for experimental

details). Fig. 1a shows the scanning electron microscopy (SEM)

image of the obtained Ag3PO4/SnO2 composite photocatalysts,

revealing the rhombic dodecahedral morphology was main-

tained for the composite with uniform size about 700–800 nm.

Fig. 1 (a) SEM images and (b) EDS patterns of Ag3PO4/SnO2

complex photocatalyst.
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Energy dispersive X-ray (EDS) pattern of Ag3PO4/SnO2 composite

photocatalysts was also recorded and shown in Fig. 1b, where

signals from Sn, Ag, P, and O were detected.

Fig. 2a shows the transmission electron microscopy (TEM)

image of the obtained Ag3PO4/SnO2 composite photocatalysts.

The distinct contrast between the Ag3PO4 particles and the

SnO2 surface layer (the thickness is about 20 nm) confirms the

formation of Ag3PO4/SnO2 composites, and the SnO2 surface

layer is composed of SnO2 nanoparticles and not a compact

layer. To further confirm the formation of the Ag3PO4/SnO2

complex structure, a high-resolution transmission electron

microscopy (HRTEM) image was recorded and shown in

Fig. 2b. The interplanar spacings of 0.335 and 0.264 nm were

clearly observed, which correspond to (110) and (101) crystallo-

graphic planes of SnO2, respectively, in good agreement with

the card JCPDS No. 41–1445.

X-Ray diffraction (XRD) patterns in Fig. 3 give further

support to different crystalline structures of the as-synthesized

Ag3PO4 andAg3PO4/SnO2 samples. For line a, all the characteristic

diffraction peaks marked by ‘‘.’’ can be readily indexed as the

different crystalline planes of Ag3PO4 (JCPDS No. 06–0505).

Compared to the pure Ag3PO4 crystals, except for the peaks

of Ag3PO4, the diffraction peaks marked by ‘‘B’’ in line b can

be readily indexed as the (110), (101) and (211) planes of SnO2

(JCPDS No. 41–1445), respectively, confirming the formation

of Ag3PO4/SnO2 composite. The UV-vis absorption spectra

of the as-synthesized samples are shown in Fig. S2w. The

absorption edges of Ag3PO4 in the Ag3PO4/SnO2 sample shift

blue slightly, indicating the introduction of small quantity of

SnO2 (Eg = 3.8) nanoparticles.20,21

In the experiments, pure Ag3PO4 was used as a photocatalytic

reference to qualitatively understand the photocatalytic activity of

Ag3PO4/SnO2 photocatalysts. The as-synthesized photocatalysts

were explored for the degradation of methyl orange (MO)

dye under visible light (l Z 420 nm) irradiation and with

non-sacrificial reagents at room temperature. Fig. 4 shows the

degradation rates ofMO dye over P25, Ag3PO4 and Ag3PO4/SnO2

photocatalysts, respectively. We can see that Ag3PO4/SnO2 exhibit

the higher photocatalytic activity than pure Ag3PO4, while P25

do not show evident photocatalytic ability for the degradation of

MO under the same irradiation conditions. For Ag3PO4/SnO2 the

complete degradation of theMO dye takes about 35 min, whereas,

in the case of pure Ag3PO4, the complete degradation of the MO

dye takes about 55 min. These results clearly demonstrate that

introducing SnO2 into Ag3PO4 photocatalyst system can greatly

enhance their photocatalytic activity.

In addition to photocatalytic activity, the stability of photo-

catalysts is another important issue for their practical applications.

Therefore, we studied the crystalline structures of Ag3PO4 and

Ag3PO4/SnO2 after the MO photodegradation experiments to

evaluate their structural stability. Fig. 5a shows the XRD

patterns of Ag3PO4 and Ag3PO4/SnO2 photocatalysts after

10 MO decomposition experiments. It can be clearly seen from

line a that after the photodegradation experiment diffraction

peaks readily indexed as the (111), (200) and (220) planes of

metallic silver (marked by ‘‘ ’’) emerged in the XRD pattern

of pure Ag3PO4, indicating that partial reduction of Ag3PO4

into metallic Ag particles had taken place during the MO

degradation process. Amazingly, no evident crystalline structure

changes could be observed in the XRD pattern of Ag3PO4/SnO2,

indicating that SnO2 greatly enhanced the stability of Ag3PO4

photocatalyst. Furthermore, the photocatalytic stability of

Ag3PO4/SnO2 was investigated by recycling in the repeated

MO degradation experiments. As shown in Fig. 5b, the

MO dye is quickly bleached after every MO decomposition

experiment, and Ag3PO4/SnO2 photocatalysts are stable enough

during the repeated experiments without exhibiting any significant

loss of photocatalytic activity. Therefore, the as-prepared Ag3PO4/

SnO2 composites can work as effective photocatalysts for

organic compounds degradation with good stability in the

absence of electron acceptors.

Several reasons may account for the enhanced photocatalytic

activity and stability of the Ag3PO4/SnO2 photocatalysts. Firstly,

the insoluble SnO2 layer on the surface of Ag3PO4 can effectively

Fig. 2 (a) TEM and (b) HRTEM images of Ag3PO4/SnO2 composite

photocatalyst.

Fig. 3 XRD patterns of (a) Ag3PO4 and (b) Ag3PO4/SnO2 photo-

catalysts.

Fig. 4 Photocatalytic activities of P25, Ag3PO4 and Ag3PO4/SnO2

for MO degradation under visible-light (l Z 420 nm) irradiation.
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protect the Ag3PO4 from dissolution in aqueous solution,

thus the structural stability of Ag3PO4/SnO2 can be greatly

enhanced during the photocatalytic process.9 Secondly, as we

know, SnO2 has no absorption response to the visible light due

to its wide band gap, therefore, the light absorption of Ag3PO4/

SnO2 composites was solely contributed by the Ag3PO4 component

in the visible light photocatalysis experiments. However, the

Ag3PO4 composites exhibited a more enhanced visible light

photocatalytic efficiency than pure Ag3PO4, which must be

correlated to the complex band configuration of the Ag3PO4/

SnO2 photocatalysts. For Ag3PO4/SnO2 photocatalysts, the

conduction band and valence band potentials of SnO2 are

more positive than that of Ag3PO4.
7,22 Therefore, the photo-

generated electrons in the Ag3PO4 can be easily transferred to

the surface of the SnO2, and the photoinduced holes remain on

the surface of Ag3PO4, which promotes the effective separation of

photoexcited electron–hole pairs and decreases the probability

of electron–hole recombination, as displayed in Fig. 6.

Furthermore, the electronic acceptors like adsorbed O2 can

easily trap the electrons (transferred to the surface of SnO2) to

produce a superoxide anion radical �O2
�, which effectively

protects Ag3PO4 semiconductors to avoid their photoreduction

(Ag+ + e� - Ag). Then the formed �O2
� may either attack

organic molecules or provide hydroxyl radical species (�OH) by

reacting with hydrion and photogenerated electrons.23 On the

other hand, some of the photoinduced holes on the surface of

Ag3PO4 can be trapped (the quantity of the SnO2 in the

composites is small and the SnO2 layer on the surface of Ag3PO4

is not a compact layer) by OH� to further produce �OH species,

which is an extremely strong oxidant for the partial or

complete mineralization of organic chemicals.24 Based on the

above aspects, it can be concluded that the proposed fabrica-

tion of Ag3PO4/SnO2 is a successful and general strategy to

develop highly active and stable photocatalysts under visible

light irradiation.

In conclusion, we have developed a facile approach for the

synthesis of Ag3PO4/SnO2 composite photocatalysts. Significantly,

compared with pure Ag3PO4 particles, the Ag3PO4/SnO2

composite photocatalysts display enhanced photocatalytic

activity and good structural stability for MO degradation

under the irradiation of visible light. The insolubility of

SnO2 can effectively protect Ag3PO4 from dissolution. The

Ag3PO4/SnO2 composites improve the separation of photo-

generated electron–hole pairs, thus enhancing the photocatalytic

activity and avoid the photoreduction of Ag3PO4. It can be

expected that this kind of Ag3PO4/SnO2 composite may

provide a new approach for high performance novel catalyst

design and fabrication towards new energy sources, green

chemistry, and environmental issues.
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