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Abstract

The nano-sized coupled oxides ZnO/SnO2 in a molar ratio of 2:1 (Z2S) and 1:1 (ZS) were prepared using the co-precipitation
method and characterized with X-ray diffraction (XRD), UV–VIS diffuse reflectance spectroscopy and specific surface area
(Brunauer–Emmett–Teller (BET)). Their photocatalytic activities were also evaluated using methyl orange (MO) as a model
organic compound. The isothermal adsorption behavior of MO on Z2S and the factors affecting the photocatalytic activity,
such as the heat-treating temperature for the photocatalyst, the pH value of the reaction suspension and the addition of NaCl,
KNO3 and K2SO4 into the suspension, have been studied. It is found that the change in phase of Z2S occurs with the calcination
temperature. The band gap energy value observed by UV–VIS diffuse reflectance spectroscopy is 3.15 eV for Z2S compared
with those of 3.12 eV for ZS, 3.17 eV for ZnO and 2.53 eV for SnO2. The isothermal adsorption behavior is a two-stage
process. The photocatalytic degradation rate of MO on Z2S is faster than that on ZS and ZnO by 40.2 and 66.1%, respectively.
A schematic diagram of photocatalytic activity is also presented to explain the results.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The degradation of organic pollutants in water and
air by photocatalysis, using semiconductors, such as
TiO2 and ZnO, has attracted extensive attention dur-
ing recent 20 years[1]. Previous studies have proved
that such semiconductors can degrade most kinds of
persistent organic pollutants, such as detergents, dyes,
pesticides and volatile organic compounds, under
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UV-light irradiation [1–5]. However, the fast recom-
bination rate of photogenerated electron/hole pairs
hinders the commercialization of this technology[1].
It is of great interest to improve the photocatalytic
activity of semiconductors for the degradation of or-
ganic compounds in water and air. In the past several
years, there are a number of studies related to the
photocatalytic activity of TiO2 or ZnO coupled with
metal oxide, like SnO2 [6–11], WO3 [12–16], Fe2O3
[17,18], ZrO2 [19] and some rare earth oxides[20,21],
for the purpose of improving TiO2 or ZnO photocat-
alytic activity. Coupled semiconductor photocatalysts
may increase the photocatalytic efficiency by increas-
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ing the charge separation and extending the energy
range of photoexcitation. At the same time, their
physical and optical properties are greatly modified
[16].

Recently, Tennakone and Bandara demonstrated
that, when SnO2 nano-crystallites (∼ 10–15 nm) are
ground with ZnO powders (∼ 600 nm) in the ZnO
content of 54 and 40% by weight, respectively, the
coupled oxide catalysts ZnO/SnO2 can generate hyd-
rogen from water in the presence of a sensitizer
(ruthenium bipyridyl complex) and a hole scavenger
(i.e. ethanol) under visible light irradiation[6]. These
results can be explained as originating from the trans-
fer of energetic electrons (‘hot electrons’) injected
to SnO2 via dye-sensitization to ZnO, whose con-
duction band (CB) position is above that of SnO2,
leading to a wide separation of the electron and the
hole.

The photocatalytic activity of coupled oxide pho-
tocatalyst is closely related to the ratio of the two
oxides [15,19]. The aim of the present study is to
study the photocatalytic activity of Z2S and ZS, which
can be explained by a scheme illustrating the pho-
tocatalytic activity. For this purpose, the nano-sized
coupled oxides Z2S and ZS were prepared and their
photocatalytic activities were evaluated using MO
[22] as a model organic compound. The adsorption
behavior of MO on Z2S and the factors affecting
the photocatalytic activity, such as the heat-treating
temperature for Z2S, the pH value of the reaction sus-
pension as well as the concentration of NaCl, KNO3
and K2SO4 in the suspension, have also been exam-
ined. It is found that the coupled oxide photocatalyst
Z2S has better photocatalytic activity to MO than ZS
and ZnO.

2. Experimental

2.1. Preparation for nano-sized photocatalysts

Nano-sized coupled oxide photocatalyst Z2S was
prepared with the co-precipitation method. SnCl4·
5H2O and ZnSO4·7H2O (analytic reagent grade)
were used as the starting materials and NaOH as the
co-precipitant without further purification. ZnSO4·
7H2O and SnCl4·5H2O in a molar ratio of 2:1 were
dissolved in a minimum amount of deionized water.

Then the 4 mol/l of NaOH solution was added to the
above solution to adjust pH to about 7 and a white
amorphous precipitate was formed. The precipitate
was filtered and washed with deionized water till
no SO4

2− and Cl− were found in filtrate. Then the
wet powder was dried at about 100◦C in air to form
the precursor of Z2S. Finally, the precursor was cal-
cined in air at a certain temperature to produce the
nano-sized Z2S photocatalysts. The nano-sized ZS,
ZnO and SnO2 were prepared in the same procedure
as mentioned above except that the starting materials
are ZnSO4·7H2O and SnCl4·5H2O in a molar ratio of
1:1 for ZS, ZnSO4·7H2O for ZnO and SnCl4·5H2O
for SnO2, respectively.

2.2. Characterizing Z2S and ZS

To determine the crystal phase composition of
the prepared photocatalysts, X-ray diffraction (XRD)
measurement was carried out at room temperature
by using a Rigaku D/max –1200 diffractometer with
Cu K� radiation (λ = 0.15418 nm). The accelerating
voltage of 40 kV, emission current of 30 mA and the
scanning speed of 4◦/min were used. To determine
the band gap energy of the photocatalysts, UV–VIS
diffuse reflectance spectroscopy measurement was
carried out using a Hitachi U-3010 (Japan) spec-
trophotometer with an integrating sphere. The pure
powdered BaSO4 was used as a reference sample. To
determine the specific surface area of the photocata-
lysts, gas sorption analysis (Brunauer–Emmett–Teller
(BET) method) was carried out by using a Quan-
tachrome NOVA/1000 gas analyzer.

2.3. Adsorption behavior of MO on Z2S

To determine the adsorption behavior of MO on
Z2S surface, the suspensions were prepared by mix-
ing 10 ml aliquots of MO solutions of various initial
concentrations (from 0 to 600 mg/l) at the natural pH
value with a given weight (0.050 g) of Z2S. The sus-
pensions were kept overnight in the dark and filtered
after being centrifuged. The absorbance of the filtrate
was then measured at the maximum band 464 nm of
MO to determine the concentration of MO. The ex-
tent of equilibrium adsorption was determined from
the decrease in the MO concentration detected after
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filtration. All the isotherm measurements were made in
the dark.

2.4. Photocatalytic experiments

Photocatalytic experiments were conducted using
photocatalysts to photocatalytically degrade MO in
water solution. The MO is AR grade and used as
supplied. The photocatalytic reactor consists of two
parts: a 100 ml Pyrex glass bottle and a 300 W high
pressure Hg lamp with a maximum emission at about
365 nm, which was positioned parallel to the Pyrex
glass bottle. In all experiments, the reaction temper-
ature was kept at 25± 2 ◦C by using an air-condi-
tioner.

Reaction suspensions were prepared by adding
photocatalyst powders into a 100 ml of aqueous MO
solutions. Prior to irradiation, the suspension was
ultrasonically sonicated for 15 min and then mag-
netically stirred in a dark condition for 30 min to
establish an adsorption/desorption equilibrium. The
suspensions containing MO and photocatalyst were
then irradiated under the UV light.

At given time intervals, analytical samples were
taken from the reaction suspension and centrifuged at
9000 rpm for 10 min, filtered through a 0.2�m milli-
pore filter to remove the particles and the filtrate was
then analyzed.

2.5. Analytical methods

MO concentration was analyzed by UV–VIS spec-
troscopy (Thermo Spectronic/He�ios α) at its maxi-
mum absorption wavelength of 464 nm. Total organic
carbon (TOC) was determined by Dohrmann/Phoenix
8000/UV-persulfate TOC analyzer.

Table 1
Dependence of phase and mean sizes of Z2S on heat-treating condition

Heat-treating conditions (◦C)
500 600 700 800 900

Time (h)
10 2 6 10 10 10 10

Phase/mean size (nm)
ZnO/31.0 ZnO/39.3 ZnO/42.6 ZnO/46.4 ZnO/97.9 ZnO (a little) ZnO (little)
SnO2/amorphous SnO2/2 SnO2/2.7 SnO2/3.9 SnO2/8.2 SnO2 (a little) SnO2 (little)

Zn2SnO4/15.4 Zn2SnO4/45.4 Zn2SnO4/166.5

3. Results and discussions

3.1. Phase and mean size of the photocatalysts

The XRD patterns of the Z2S powders calcined at
different temperatures and for different times are as
shown inFig. 1(1) and (2), respectively. The phases
of the photocatalysts calcined at 500 and 600◦C are
the mixture of ZnO and SnO2, but the grain sizes get
larger with the increasing calcination temperature. The
Zn2SnO4 phase emerges at 700◦C and ZnO and SnO2
almost disappear at 900◦C. For the coupled oxide cal-
cined at a fixed temperature of 600◦C,Fig. 1(2)shows
that there are no changes in phase of the coupled oxide
except that the diffraction peaks are continuously get-
ting sharper, which reveals the mean sizes of the cou-
pled oxide increase with calcination time. The mean
sizes of the Z2S calcined at 600◦C for 2, 6, 10 h and
at 500, 700, 800 and 900◦C for 10 h, respectively, can
be determined by Scherrer formula[23]. The phases
and the mean sizes are listed inTable 1.

The phases of the ZS samples calcined at 500
and 600◦C, respectively, for 10 h are Zn2SnO4 and
SnO2 and no ZnO is found, which is different from
the Z2S calcined under the identical condition. The
temperature for Zn2SnO4 formation in ZS is about
200◦C, lower than that in Z2S, which means that ex-
cessive SnO2 is favorable for ZnO and SnO2 to form
Zn2SnO4. The mean sizes of Zn2SnO4 and SnO2 in
ZS calcined at 600◦C for 10 h are about 17.6 and
5.3 nm, respectively.

The mean sizes of pure SnO2 and ZnO calcined at
600◦C for 10 h are about 13.5 and 88.6 nm, respec-
tively. This is another evidence that ZnO calcines more
easily and, thus, tends to have larger grain size than
SnO2 [24]. An interesting phenomenon can be seen
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Fig. 1. (1) The XRD patterns of Z2S calcined at different temperatures for 10 h. (1) 500◦C; (2) 600◦C; (3) 700◦C; (4) 800◦C; (5) 900◦C.
(2) The XRD patterns of Z2S calcined at 600◦C for different times. (1) 2 h; (2) 6 h; (3) 10 h.

that the mean sizes of ZnO and SnO2 in Z2S are signif-
icantly less than that of pure ZnO and SnO2 calcined at
the same condition, respectively. For ZnO, the present
result is in agreement with the literature results that
larger additions of SnO2 cause a decrease in the mean

grain size of ZnO[25,26]. The mean size of SnO2 in
ZS is less than that of pure SnO2 but larger than that
of SnO2 in Z2S under the identical heat-treating con-
dition, meaning that doping ZnO restrains SnO2 from
crystal growth, which is similar to the result of the
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Table 2
Relationship between BET and calcination temperature

Calcination
temperature (◦C)a

BET (m2/g)

Z2S ZS ZnO SnO2

600 30.95 20.13 6.25 20.89
700 20.48
800 4.02
900 2.15

a All samples were calcined for 10 h.

In2O3-doped SnO2 [27]. But it also reported that dop-
ing ZnO in small amounts (e.g. 3 mol.% or 3 wt.% of
ZnO) shows little effect on the particle size of SnO2
[28,29].

3.2. Effect of calcination temperature on specific
surface area (BET)

The BET of Z2S calcined at different temperatures
are listed inTable 2. For comparison, the BET of ZS,
SnO2 and ZnO are also listed inTable 2. Comparing
Table 2with Table 1, it can be seen that the BET is
closely related to the mean size of the sample parti-
cles. The larger the mean size, the less is the BET.
The BET is decreased as the calcination temperature

Fig. 2. The adsorption isotherm of MO on Z2S calcined at 600◦C for 2 h as a function of the equilibrium concentration of MO: temperature,
25± 2 ◦C; Z2S, 5 g/l.

increases. FromTable 2, BET is found to be in the or-
der of Z2S > ZS > ZnO, indicating that the addition
of SnO2 prevents the densification and the growth of
ZnO grains and consequently results in more porous
microstructure than pure ZnO[26].

3.3. Adsorption behavior of Z2S

MO can be adsorbed onto Z2S from its aqueous
solution. A measurable decrease in the concentration
of the MO solution was observed upon equilibrating
it overnight with Z2S powders in the dark:

MO + Z2S � MO · · · Z2S

The isothermal adsorption curve of MO on Z2S is illus-
trated inFig. 2. Obviously, the isothermal adsorption
process is a two-stage process that is neither similar to
the adsorption of acid orange 7 on TiO2 [30], a process
fitted by Langmuir equation, nor similar to that of re-
active brilliant red K-2G, reactive yellow KD-3G, acid
red B, cationic pink FG and cationic blue X-GRL, re-
spectively, on the surface bond-conjugated TiO2/SiO2,
a process fitted by Freundlich equation[31]. Under
the low equilibrium concentration of MO, the first
adsorption equilibrium can be reached at the MO
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Fig. 3. Absorbance spectral changes of MO solution after different irradiation times in the presence of Z2S calcined at 600◦C for 2 h:
Z2S, 2.5 g/l; MO, 20 mg/l.

equilibrium concentration (Ceq) of about 58.7 mg/l
corresponding to the saturation adsorption (Ca) of
about 3.5 mg/gcatalyst. With theCeq increases, the sec-
ond saturation adsorption of about 42.2 mg/gcatalyst
can be reached atCeq ≈ 230 mg/l. The two-stage
adsorption process may relate to the double composi-
tions of ZnO and SnO2 in Z2S with different affinity to
MO and the adsorption isotherm of MO on Z2S may
be a combination of possibly Langmuir adsorption of
MO on ZnO and that on SnO2 in Z2S. An explanation
of this adsorption mechanism is under further study.

3.4. Photocatalytic activity of the photocatalysts

3.4.1. Degradation kinetics of MO
The time-dependent UV–VIS spectra of MO dur-

ing the irradiation are illustrated inFig. 3. It can be
seen that the maximum absorbance of 464 nm disap-
pears completely after irradiation for about 80 min.
The degradation rate of MO on Z2S is as shown in
Fig. 4. A blank experiment in the absence of irradia-
tion but with Z2S demonstrates that no MO degrada-
tion occurs. Another blank experiment in the absence
of Z2S but under irradiation shows that MO cannot

be degraded under the present experimental condition.
The results of the blank experiments are as shown in
Fig. 4.

For the purposes of comparison, the experiments
of degrading MO photocatalytically using ZS, pure

Fig. 4. The photocatalytic activity of photocatalysts calcined at
600◦C for 10 h: photocatalysts, 2.5 g/l; MO, 20 mg/l.
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Table 3
Degradation rate constants of MO using different photocatalysts

Photocatalysta Rate constant
(k)b (mg/l min)

Ratio of rate
constant

Z2S 0.5657 (k1) –
ZS 0.4036 (k2) 1.402 (k1/k2)
ZnO 0.3406 (k3) 1.661 (k1/k3)
SnO2 0.0215 (k4) 26.31 (k1/k4)

a All photocatalysts were calcined at 600◦C for 10 h.
b Calculated by considering the first 20 min of irradiation.

SnO2 and pure ZnO, respectively, have been done.
The results are also as shown inFig. 4. It can be seen
that Z2S is a more effective photocatalyst to MO than
ZS and ZnO and SnO2 shows a little photocatalytic
activity, which agrees with the literature result[11].
The rate constants of degrading MO using Z2S, ZS,
ZnO and SnO2 as photocatalysts are listed inTable 3.

The degradation rate of MO using Z2S as photocat-
alyst is faster than that using ZS, ZnO and SnO2 as
photocatalyst by 40.2, 66.1 and 2531%, respectively.

3.4.2. Total organic carbon elimination
The TOC elimination curve of MO is as shown in

Fig. 5. It is worth noting that 38.9% of TOC still re-
main after the decolorization process is completed.
Moreover, the mineralization rate became very slow

Fig. 5. The TOC elimination kinetics of MO photocatalytic degradation by Z2S calcined at 600◦C for 2 h: Z2S, 2.5 g/l; MO, 20 mg/l.

after irradiation of 140 min, indicating the formation
of some long-lived by-products, which have low rate
constants of reactions with hydroxyl radicals[32,33].
Indeed, even an extended irradiation of over 200 min
does not induce a complete conversion of the organic
materials to water, carbon dioxide and other inorganic
species and about 18.9% of TOC remain.

Despite of difficulty to get MO mineralized com-
pletely, the long-lived by-products are generally less
harmful or harmless to environment and can be further
treated by biological methods[34]. So, Z2S may be
applied to photocatalytically treating some persistent
organic pollutants.

3.4.3. Effect of heat-treatment for photocatalyst
on the photocatalytic activity

The effect of heat-treating temperature on the pho-
tocatalytic activity of Z2S is as shown inFig. 6. It can
be seen that the degradation rate of MO is decreased
with the increasing calcination temperature of Z2S.
The photocatalytic activity of Z2S is significantly re-
duced at higher calcination temperature (900◦C), but
the photocatalytic activity of Z2S has no significant
difference among the photocatalysts calcined at 600,
700 and 800◦C, respectively. The significant decrease
in the photocatalytic activity of Z2S calcined at 900◦C
compared with that of Z2S calcined at 800◦C may be
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Fig. 6. The effect of calcination temperature (for 10 h) on the
photocatalytic activity of Z2S: Z2S, 2.5 g/l; MO, 20 mg/l.

attributed to the variation in phase composition and in
particle size with the increasing calcination tempera-
ture. As mentioned previously, Z2S calcined at 600◦C
consists only of ZnO and SnO2 and no Zn2SnO4 phase
is found. Zn2SnO4 emerges at 700◦C and Zn2SnO4,
which exhibits poorer photocatalytic activity compar-
atively [35], is almost the only phase when calcined
at 900◦C. Moreover, higher calcination temperature
causes the growth of particles, which is supported by
XRD, leading to the decrease in BET, therefore, result-
ing in the decrease in photocatalytic activity[36,37].

3.4.4. Effect of pH on the photocatalytic activity
The heterogeneous photocatalysis has been found

to be pH dependent[38–42]. As an amphoteric ox-
ide, ZnO is chemically stable in the pH range of
4 ≤ pH ≤ 14 [40,43], otherwise will be dissolved.
So, the experiments about the effect of pH on the pho-
todegradation rate of MO were done at the pH= 4.22,
7.12 (natural) and 12.57. The results are depicted in
Fig. 7. At low pH, the positively charged Z2S of-
fers a suitable surface for adsorption of MO anion
[41]. Increasing the pH reduces adsorption and grad-
ually increases the electrostatic repulsion between the
MO anion (pK1 = 3.46) and the oxide surface. The
drastic decrease in degradation rate can be seen at
pH = 12.57, which is probably due to the coulombic
repulsion between the anions and the highly nega-

Fig. 7. The effect of pH on the photocatalytic activity of Z2S
calcined at 600◦C for 2 h: Z2S, 2.5 g/l; MO, 20 mg/l.

tive charged oxide surface and degradation would,
thus, depend on diffusion of surface-generated OH•
towards the double layer to the low concentration of
MO anion, a slower process than direct charge trans-
fer [41]. Additionally, the increase of pH might cause
a cathodic displacement of the valence band position
of ZnO and SnO2 in the Z2S, which results in the
weakening of the oxidation ability of the holes[41].

3.5. Effect of electrolytes on the
photocatalytic activity

Inorganic ions may be specific adsorption or al-
ternative forms at the surface of photocatalyst, thus,
they can affect the photocatalytic oxidation. Some
studies[44–49] have systematically investigated the
influences of anions, such as SO4

2−, NO3
−, Cl−,

ClO4
− and CO3

2−, on the photocatalytic activity of
TiO2 towards certain organic substrates.Fig. 8 shows
the changes of the ratios of the residual MO con-
centrations to its initial ones with time, illustrating
the effect of Cl−, NO3

− and SO4
2− on the photo-

catalytic degradation of MO under the natural pH
(7.12). NaCl shows inhibitive effect on the reaction
and the influence is enhanced with the increasing
NaCl concentration. Cl− is regarded as a radical
scavenger that may retard the photocatalytic oxida-
tion reaction dramatically[47,49]. NO3

− shows little
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Fig. 8. The effect of electrolytes on the photocatalytic activity of
Z2S calcined at 600◦C for 2 h: Z2S, 2.5 g/l; MO, 20 mg/l.

effect on the photocatalytic activity, which agrees
with the literature results[45,46]. The reactions were
promoted by SO42− and the promotion is enhanced
with SO4

2−concentration. The sulfate might react
with OH• radical to produce sulfate radical[45,49]:

SO4
2− + OH• → SO4

•2− + H2O

As a stronger oxidizing agent, the sulfate radical
could accelerate the photocatalytic reaction.

3.6. The mechanism of photocatalytic activity
of MO on Z2S and ZS

The UV–VIS diffuse reflectance spectrum of Z2S
is as shown inFig. 9 [50–52]. For comparison, the
UV–VIS diffuse reflectance spectra of ZS, ZnO and
SnO2 are also presented. The band gap absorption
edge of Z2S is determined to be 394 nm[53–55], cor-
responding to the band gap energy of 3.15 eV[56]. The
band gap absorption edge of ZS, ZnO and SnO2 are
determined to be 397, 391 and 490 nm corresponding
to the band gap energy to be 3.12, 3.17 and 2.53 eV,
respectively. The band gap absorption edges and the
band gap energies are listed inTable 4.

The experimental result for the band gap energy
of ZnO is in reasonable agreement with the accepted
literature value of 3.2 eV[56]. But for SnO2, the band
gap energy value is 2.53 eV, which is significantly

Fig. 9. The UV–VIS diffuse reflectance spectra of Z2S, ZS, ZnO
and SnO2 samples calcined at 600◦C for 10 h.

less than the literature value of 3.8 eV[56]. A similar
result was reported in[57]. The reason for this phe-
nomenon could probably be attributed to the imperfect
crystallization of SnO2. As mentioned above, under
the heat-treating condition of 600◦C for 10 h, Z2S is
composed of ZnO and SnO2 and ZS is composed of
Zn2SnO4 and SnO2. FromTable 4, it can be seen that
the band gap energy of Z2S is neither that of ZnO
nor of SnO2. Similarly the band gap energy of ZS is
neither that of Zn2SnO4 (3.4 eV)[58] nor of SnO2.

Referring to the previous papers[6,10,59], a mech-
anistic scheme of the charge separation and the pho-
tocatalytic activity for the photocatalysts is as shown
in Fig. 10.

ZnO can be excited by the photons with the
wavelengths under 391 nm and produces the photo-
generated electron/hole pairs, showing photocatalytic

Table 4
Absorption edges and band gap energies of Z2S, ZS, ZnO and
SnO2

Samplea Absorption edge (nm) Band gap energy (eV)

Z2S 394 3.15
ZS 397 3.12
ZnO 391 3.17
SnO2 490 2.53

a All samples were calcined at 600◦C for 10 h.
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Fig. 10. A schematic diagram illustrating the principle of charge separation and photocatalytic activity for the photocatalysts.

activity. For SnO2 with the band gap energy of
2.53 eV, theoretically it can be excited by the photons
with the wavelengths under 490 nm, but it shows only
a little photocatalytic activity under UV light in the
present experimental conditions. This is probably due
to the fast recombination of the photogenerated elec-
tron/hole pairs in SnO2. Z2S with the band gap energy
of 3.15 eV, can be excited by the photons with the
wavelengths under 394 nm. The CB of SnO2 is lower
than that of ZnO so that the former can act as a sink
for the photogenerated electrons[6,10,56]. Since, the
holes move in the opposite direction from the elec-
trons, photogenerated holes might be trapped within
the ZnO particle, making charge separation more effi-
cient, resulting in Z2S shows stronger photocatalytic
activity [10]. Compared to ZnO, Zn2SnO4 shows
lower photocatalytic activity and SnO2 has a little
photocatalytic activity, but ZS coupled oxide pho-
tocatalyst shows even higher photocatalytic activity
than that of ZnO. The reason may be that, in addition
to the larger BET of ZS than ZnO, which is in fa-
vor of high photocatalytic activity, in the ZS coupled
photocatalyst, the recombination of the photogener-
ated electron/hole pairs is suppressed and, therefore,
resulting in ZS exhibits higher photocatalytic activity.

4. Conclusions

1. The nano-sized photocatalysts Z2S and ZS can be
synthesized by using the co-precipitation method.
With the increase in calcination temperature, not
only the mean grain sizes of Z2S grow, but also the
change in phase of the photocatalyst occurs.

2. Z2S exhibits better photocatalytic activity to MO
than ZS and ZnO. The photocatalytic reaction by
Z2S is 40.2 and 66.1% faster than those by ZS and
ZnO, respectively. A mechanistic scheme for pho-
tocatalytic activity is presented to explain the ex-
perimental results. The heat-treating condition for
photocatalyst, pH and electrolytes, such as NaCl,
KNO3 and K2SO4, are among the factors affecting
the photocatalytic activity.
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