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Photonic crystals of multiple metal oxides with highly ordered structure and unique photonic effects have 
presented a prospective application in the design of photocatalysts. In this study, a facile method was 
developed to prepare pure ZnGa2O4 photonic crystals with highly ordered skeleton structure at a 
relatively lower temperature (500 °C). Due to the facilitated mass transport in the highly-ordered channel, 
the as-prepared ZnGa2O4 photonic crystals exhibited better photocatalytic activities towards methyl 10 

orange degradation compared to those of porous ZnGa2O4 and ZnGa2O4 nanocrystals. By changing the 
pore diameters in the structure, slow photon effect on the blue edge of photonic band gap could be 
observed, which consequently enhanced the electronic band absorption over ZnGa2O4 photonic crystals 
with a pore diameter of 180 nm and further improved the corresponding photocatalytic activity. 
Furthermore, the degradation mechanism over ZnGa2O4 photonic crystals was discussed. The preparation 15 

of ZnGa2O4 photonic crystals in this study provided an experimental guidance for developing ternary 
metal oxide photonic crystals with enhanced light absorption and photocatalytic activities. 

1. Introduction 
As an efficient and economical technique, heterogeneous 
photocatalysis has attracted much attention in the remediation of 20 

organics contaminated environment.1-7 The interaction between 
incident photons and photocatalysts was the primary process in 
the photocatalytic reactions. Thus, great effort has been devoted 
to design photocatalysts which could exhibit enhanced light 
absorption around their electronic band gaps.8-12 Recently, 25 

photonic crystals (PCs) have attracted great interest in the design 
of photocatalysts due to the advantage of their ordered structures 
and photonic effects.13-15 The three-dimensional ordered 
macroporous structure in the PCs could facilitate the transfer of 
reactant molecules in the interconnected pore channels. The 30 

photonic effects at the edge of photonic band gap, termed as slow 
photon effect,16 slowed the propagation velocity of photons in the 
photocatalysts, and then intensified the light absorption of the 
photocatalysts. Based on the unique properties, PCs 
photocatalysts were expected to achieve remarkably enhancement 35 

in their various photocatalytic performances.  
Up to date, the most reported TiO2 PCs exhibited significantly 

increased photocatalytic activities compared with conventional 
TiO2 nanocrystals,17-24 but they still had low photocatalytic 
efficiencies. In our previous study, β-Ga2O3 PCs were reported to 40 

have comparable photocatalytic activities to that of commercial 
TiO2 (P25, Degussa Co.) towards various organic pollutions,25 
which indicated the potentially high photocatalytic efficiencies 
over Ga-based oxides PCs. Furthermore, it was found that the 
photocatalytic activity of Ga2O3 could be enhanced by 45 

introducing foreign ions such as Zn2+.26, 27 Therefore, to explore 
Ga-based oxides PCs with enhanced photocatalytic efficiencies, 
the ternary metal oxide ZnGa2O4 PCs were designed in this study. 
Compared with single-metal oxides PCs, two difficulties existed 
in the preparation of ternary metal oxides PCs. The first one was 50 

the appropriate choice of the complex precursor to produce 
ternary metal oxides with desired metal ratio.28-30 The cations in 
the complex precursor should be homogeneously dispersed to 
obtain porous ternary metal oxides with pure phases. The second 
problem was the thermal stability of the PCs structure.31 High 55 

calcination temperatures were usually necessary for the 
crystallization of ternary metal oxides. However, the porous 
structure of the PCs might collapse upon high-temperature 
treatment. Therefore, the preparation of ternary metal oxides PCs 
was still challenging. 60 

    Herein, we described a facile route to synthesize the ZnGa2O4 
PCs for the first time. The pure ZnGa2O4 PCs could be obtained 
at a relatively lower temperature (500 °C) by using acetylacetone-
complexed metal ion precursors. And the photonic band gap of 
the as-prepared samples could be modulated by changing their 65 

pore diameters. The photocatalytic activities of the ZnGa2O4 PCs 
for the degradation of methyl orange were investigated in detail 
under UV light irradiation, including the photonic effect arising 
from the highly-ordered structure in the ZnGa2O4 PCs and the 
catalytic stability of the ZnGa2O4 PCs. Furthermore, the 70 

photocatalytic mechanism for the degradation of methyl orange 
over the ZnGa2O4 PCs was also discussed. Our results might 
allow us to provide an experimental guidance for developing 

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00–00  |  1 

Page 1 of 8 Journal of Materials Chemistry A

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
A

A
cc

ep
te

d
M

an
us

cr
ip

t



 
ternary metal oxide PCs with enhanced light absorption and 
photocatalytic activities. 

2. Experimental section 
2.1. Materials 

Styrene (99%) was obtained from Aldrich Co., and was further 5 

washed by 5 wt% NaOH (A.R., Sinopharm Chemical Reagent Co. 
(SCRC)) aqueous solution to remove the stabilizing agent (p-tert-
butylcatechol). Potassium peroxodisulfate (A.R., SCRC) was 
recrystallized before use. Gallium nitrate (Ga(NO3)3·xH2O) was 
purchased from Shanghai Longjin Industry & Trade Co.. Zinc 10 

nitrate hexahydrateand (Zn(NO3)2·6H2O, A.R., SCRC) and 
acetylacetone (A.R., SCRC) were used directly as the precursor. 

2.2. Preparation of polystyrene sphere templates 

The colloidal polystyrene (PS) spheres with various sphere 
diameters were synthesized using a typical emulsion 15 

polymerization according to the literature (Detailed experiments 
see in Supporting information).32 Then, the PS sphere template 
was deposited on the glass substrate by a solvent evaporation 
method. In this method, the substrate was immersed vertically 
into a colloidal PS spheres suspension with a concentration of 20 

0.05 wt% in a 50 mL beaker. Then the beaker was kept at 50 oC 
for about 2 days in an oven until the water was fully evaporated, 
leaving a PS sphere template on the substrate. Before use, the 
glass substrate (1.9×1.3 cm) was rinsed by soaking in a mixture 
of H2SO4/H2O2 solution with the volume ratio of 7:3 for 24 h, and 25 

then washed with deionized water and dried in a nitrogen stream 
with a flow rate of 100 mL/min. 

2.3.Preparation of ZnGa2O4 PCs 

The ZnGa2O4 PCs with different pore diameters were synthesized 
following a dip-coating infiltration method by using the as-30 

prepared PS templates.33 Firstly, the amorphous complex 
precursor was produced according to the literature.34 Typically, 4 
mmol of Ga(NO3)3·xH2O was dissolved in 8 mL of ethanol, and 
then 2 mL of acetylacetone were added. Then 2 mmol of 
Zn(NO3)2·6H2O was dissolved in the above solution. The 35 

resulting mixture was kept at 50 °C for 12 h until it turned into a 
light yellow transparent solution. Secondly, the as-prepared PS 
templates were immersed vertically into the liquid precursor for 1 
min to fill the void volume of the templates completely. At last, 
the infiltrated PS templates were dried in air at room temperature 40 

and calcined at given temperatures in air for 5 h with a heating 
rate of 1 °C/min to remove the PS templates and obtain the 
ZnGa2O4 PCs. 

2.4. Characterization 

The morphologies of the obtained samples were observed by a 45 

field-emission scanning electron microscopy (FESEM, Hitachi 
SU8000, operated at an accelerating voltage of 5 kV). X-ray 
diffraction (XRD) patterns of the samples were measured by a 
Bruker D8 Advance X-ray diffractometer at 40 kV and 40 mA 
with Cu Kα radiation. TG spectra were obtained by a STA449F3 50 

thermogravimetric analyzer (NETZSCH Co.). Reflection spectra 
of the samples were collected by Cary 500 UV-vis-NIR 
spectrophotometers with BaSO4 as a reflectance standard. The 
generation of ·OH radical was investigated by the 

photoluminescence (PL) technique with terephthalic acid (TA) as 55 

a probe molecule. In this method, TA could react with the ·OH 
radical to form a high fluorescent product, 2-hydroxyterephthalic 
acid, which could be detected by fluorescence spectrum 
(excitation wavelength: 312 nm, emission wavelength: 426 nm).35, 

36 The PL spectra were obtained on an Edinburgh FL/FS900 60 

spectrophotometer. The N, N-diethyl-p-phenylenediamine (DPD) 
method was employed for the detection of H2O2. This method 
was based on the horseradish peroxidase (POD)-catalyzed 
oxidation of DPD by H2O2. The sequence of reaction leaded to 
form a pink colored ·DPD+ radical cation. This radical cation had 65 

the absorption at 510 and 551 nm, respectively.37, 38 

2.5. Test of photocatalytic activity  

The photocatalytic degradation of methyl orange (MO) in liquid 
phase were carried out in a 10 mL of quartz cell. Two 4 W UV 
lamps with a wavelength centered at 254 nm (Philips Co., TUV 70 

4W/G4 T5) were used as the irradiation source. The spectrum 
was shown in Fig. S1 and the UV band output was shown in 
Table S1. Typically, the ZnGa2O4 PCs were immersed vertically 
in 10 mL of the MO aqueous solution (1.5×10-5mol/L). Prior to 
irradiation, the solution was stirred for 20 min to reach 75 

adsorption-desorption equilibrium between the sample and MO. 
As the reaction proceeded, 3 mL of MO aqueous solution were 
taken at a certain time interval. The concentration of MO was 
analyzed by monitoring the absorbance at λmax= 464 nm in UV-
vis spectrum with a Cary 50 UV-vis spectrophotometer (Varian 80 

Co.). Moreover, the total organic carbon (TOC) values of the MO 
aqueous solution were detected by a Shimadzu TOC-VCPH total 
organic carbon analyzer. 

3. Results and discussion 
3.1. SEM and XRD analysis 85 

 
Fig. 1 SEM images of the ZnGa2O4 PCs with different pore diameters 

prepared at 500oC: (a) ZG PCs/145, (b) ZG PCs/180, (c) ZG PCs/225, and 
(d) ZG PCs/280. 

SEM images of the as-prepared PS templates were shown in Fig. 90 

S2. The PS sphere templates with various PS sphere diameters of 
190, 240, 300 and 380 nm could be obtained by using 1.8, 2.4, 
4.2 and 7.2 mL of styrene as the monomer, respectively. The 
ZnGa2O4 PCs with different pore diameters were synthesized by 
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using the as-prepared PS templates. Fig. 1 showed SEM images 
of the ZnGa2O4 PCs prepared at 500 oC. It could be observed that 
the ZnGa2O4 PCs well duplicated the highly ordered structure of 
PS template to form an ordered skeleton structure. The average 
pore diameters of the ZnGa2O4 PCs were 145, 180, 225 and 280 5 

nm, respectively. And the film thicknesses of the ZnGa2O4 PCs 
were roughly evaluated to be ~1 μm by the cross-sectional SEM 
in Fig. S3. For the sake of simplicity, the as-prepared PCs with 
different pore diameters were denoted as ZG PCs/145, ZG 
PCs/180, ZG PCs/225 and ZG PCs/280, respectively. Moreover, 10 

SEM images of the sample ZG PCs/180 prepared at 400 oC and 
600 oC were shown in Fig. S4. As it could be seen, the integrated 
structure collapsed at 600°C due to the high temperature 
calcination. XRD patterns of the ZnGa2O4 PCs with different 
pore diameters prepared at 500°C were shown in Fig. 2. All 15 

diffraction peaks in the patterns could be identified as a single 
cubic phase of ZnGa2O4 with spinel structure (JCPDS card no. 
086-0415). The peaks at 2θ about 18.42, 30.30, 35.70, 37.34, 
43.39, 53.84, 57.39 and 63.03o could be indexed to the diffraction 
peaks of the (111), (220), (311), (222), (400), (422), (511) and 20 

(440) crystal planes of ZnGa2O4, respectively. Furthermore, XRD 
patterns of the sample ZG PCs/180 prepared at 400 oC and 600 oC 
were also shown in Fig. 3. It could be observed that the 
calcination temperature more than 400°C was necessary to obtain 
ZnGa2O4. The intensities of the diffraction peaks in the XRD 25 

patterns were significantly enhanced as the calcination 
temperature increased to 500 °C, indicating an improved 
crystallinity of ZnGa2O4. Exceeding 500°C, no obvious 
enhancement in peak intensities could be observed. Moreover, the 
TG analysis results indicated that the decomposition of the PS 30 

template and the formation of ZnGa2O4 could be achieved at 
500 °C (see Fig. S5). This further confirmed that pure ZnGa2O4 
PCs could be obtained at an optimal temperature of 500 °C in this 
work. 

For comparison, a porous ZnGa2O4 film was prepared at 35 

500 °C as a reference by using the disordered PS template. 
Furthermore, a ZnGa2O4 nanocrystal film was also prepared by 
employing the same method but without the PS template on the 
substrate. The as-prepared samples were denoted as ZG/mix and 
ZG NCs, respectively. SEM images of samples ZG/mix and ZG 40 

NCs were displayed in Fig. S6. A disordered structure was 
observed for sample ZG/mix, the sample ZG NCs showed the  

 
Fig. 2 XRD patterns of the ZnGa2O4 PCs with different pore diameters 

prepared at 500 oC. 45 

 
Fig. 3 XRD patters of the sample ZG PCs/180 prepared at different 

temperatures. 

nature of nanocrystals. Furthermore, the results of the XRD 
patterns confirmed that samples ZG/mix and ZG NCs were pure 50 

ZnGa2O4. (see Fig. 2) 

3.2. Reflection spectra and absorption spectra 

 
Fig. 4 (a) Reflection spectra of the ZnGa2O4 PCs with different pore 

diameters prepared at 500 oC. (b) Absorption enhancement spectra as a 55 

function of the wavelength for the as-prepared samples. 

Fig. 4a showed the reflection spectra of the ZnGa2O4 PCs with 
different pore diameters prepared at 500 oC. All samples 
exhibited a reflection peak at about 298 nm, corresponding to a 
band gap of 4.2 eV. This could be attributed to the electronic 60 

band gap of ZnGa2O4. Furthermore, the reflection peaks of the 

This journal is ©  The Royal Society of Chemistry [year]  Journal Name, [year] , [ vol] , 00–00  |   3 

Page 3 of 8 Journal of Materials Chemistry A

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
A

A
cc

ep
te

d
M

an
us

cr
ip

t



 
photonic band gaps for the ZnGa2O4 PCs were also observed in 
the reflection spectra. It was noted that the photonic band gaps of 
the as-prepared samples could be modulated by changing the pore 
diameters of the ZnGa2O4 PCs. As shown in Fig.4a, the photonic 
band gaps located at 295, 390, 470 and 590 nm can be observed 5 

for samples ZG PCs/145, ZG PCs/180, ZG PCs/225 and ZG 
PCs/280, respectively. For sample ZG PCs/145, the photonic 
band gap was located at 295 nm. This indicated that the photonic 
band gap of sample ZG PCs/145 would reflect the light with a 
wavelength of 295 nm, and therefore could suppress the light 10 

absorption of sample ZG PCs/145.14 However, it was found that 
the electronic band gap of ZnGa2O4 overlapped the blue edge of 
the photonic band gap for sample ZG PCs/180. As a result, the 
light absorption of sample ZG PCs/180 could be enhanced due to 
the slow photon effect.39-42 While the photonic band gaps of the 15 

as-prepared samples were away from the electronic band gap of 
ZnGa2O4, the slow photon effect would be weakened. These 
might affect the photocatalytic activities of the as-prepared 
samples, which would be discussed below.   

In order to verify that slow photon effect had an enhancement 20 

effect on the light absorption, the reflectance spectra of the 
ZnGa2O4 PCs were transformed into the absorption spectra by 
using the Kubelka-Munk function and the resultant absorption 
spectra were shown in Fig. S7, as well as ZG/mix and ZG NCs. 
Furthermore, the absorption spectra of the ZnGa2O4 PCs and 25 

sample ZG/mix were normalized to that of sample ZG NCs and 
the resultant absorption enhancement spectra were shown in Fig. 
4b. It was obviously that there was an absorption enhancement 
located at 265 - 310 nm in the electronic band gap absorption 
region for sample ZG PCs/180. The enhancement could be 30 

attributed to the slow photon effect, which slowed the light 
propagation in the ZnGa2O4 PCs and thus reinforced the 
interaction between photons and ZnGa2O4. By contrast, a 
suppressed absorption could be observed over the sample ZG 
PCs/145 due to the photonic band gap reflection, which reflected 35 

partial light in the electronic band gap region and declined the 
electronic band gap absorption. 

3.3. Photocatalytic degradation of MO 

To evaluate the slow photon effect on the photocatalytic activity 
of PCs, the photocatalytic activities of the ZnGa2O4 PCs prepared 40 

at 500 oC for the degradation of MO under UV light irradiation (λ 
= 254 nm) were shown in Fig. 5. For comparison, the degradation 
of MO over the samples ZG/mix and ZG NCs were also carried 
out under the same conditions. As shown in Fig. 5, the ZnGa2O4 
PCs and sample ZG/mix, which were porous samples, exhibited 45 

higher catalytic activities than that of sample ZG NCs. Their 
higher catalytic activities could be ascribed to the enhanced light 
harvest resulted from the light scattering in the porous structures 
and the facilitated mass transport in the interconnected channels. 
Further, as compared to the sample ZG/mix, the ZnGa2O4 PCs 50 

showed better photocatalytic activities for the degradation of MO. 
The enhanced photocatalytic activities could be attributed to that 
the highly ordered channels with excellent connectivity 
efficiently facilitated the mass transport on the reaction sites. 

It was noted that the sample ZG PCs/180 exhibited the highest 55 

photocatalytic activity in the ZnGa2O4 PCs, and its catalytic 
activity was also higher than that of commercial TiO2 (P25, 
Degussa Co.) under the same condition. Up to 96% of MO was 

degraded and the TOC removal rate was 47.5% for the sample 
ZG PCs/180 after 75 min of UV light irradiation. As shown in 60 

Fig. 4, the enhanced electronic band gap absorption was observed 
over sample ZG PCs/180 due to the slow photon effect. This led 
to more photoinduced carriers generated in the ZnGa2O4, and 
consequently sample ZG PCs/180 exhibited high photocatalytic 
activity. When the photonic band gaps of the ZnGa2O4 PCs were 65 

away from the electronic band gap of ZnGa2O4, the slow photon 
effect on enhancing the electronic band gap absorption for the as-
prepared samples would be weakened. As a result, samples ZG 
PCs/225 and ZG PCs/280 showed relatively lower activities as 
compared to the sample ZG PCs/180. Under this condition, the 70 

photocatalytic activity was also related with the pore diameter of 
ZnGa2O4 PCs, which has been proven by our previous work.24, 33 
Therefore, sample ZG PCs/280 showed better photocatalytic 
activity than that of ZG PCs/225. Furthermore, it was found that 
the electronic band gap absorption of the sample ZG PCs/145 was 75 

suppressed by the photonic band gap reflection (see Fig. 4). 
Therefore, the photocatalytic activity of sample ZG PCs/145 was 
lower than those of other ZnGa2O4 PCs.  

 
Fig. 5 Photocatalytic activities of the ZnGa2O4 PCs prepared at 500 oC for 80 

the degradation of MO under UV light irradiation (λ = 254 nm). 

Moreover, the effect of calcination temperature on the 
photocatalytic activities of the ZnGa2O4 PCs for the degradation 
of MO was investigated. As shown in Fig. 6, negligible catalytic 
activity could be observed for the sample ZG PCs/180 prepared at 85 

400 oC, which was probably due to its low crystallinity as shown 
in XRD patterns (see Fig. 3). Furthermore, the sample ZG 
PCs/180 prepared at 600 oC showed lower photocatalytic activity 
than that prepared at 500 oC. The decrease in the catalytic activity 
was attributed to the collapse of the ordered photonic crystal 90 

structure (see Fig. S4), thus weakening the advantages of slow 
photons, multiple scattering, and continuous pore channels. This 
result further verified that the optimal calcination temperature 
was 500 oC for the ZnGa2O4 PCs. 

It was widely regarded that the stability of a catalyst was a very 95 

important factor for its practical applications. As shown in Fig. 7, 
the photocatalytic activity of a typical sample (ZG PCs/180) did 
not obviously decrease in the recycling experiment. Its catalytic 
activity can keep at ~ 100% in the 5th cycle of testing. The result 
suggested that the ZnGa2O4 PCs had excellent photocatalytic 100 

stability for the MO degradation under UV light irradiation. 
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Fig. 6 Photocatalytic activities of the sample ZG PCs/180 prepared at 

different temperatures for the degradation of MO. 

 
Fig. 7 Reusability of sample ZG PCs/180 for the photocatalytic 5 

degradation of MO. 

3.4. Mechanism 

 
Fig. 8 Photocatalytic degradation of MO over sample ZG PCs/180 under 

different conditions. 10 

As a part of this work, the reaction mechanism of the 
photocatalytic degradation of MO over the ZnGa2O4 PCs was 
investigated in detail. Generally, photoinduced holes, ·OH 
radicals and ·O2- radicals were considered to be main active 
species for the organic pollutants degradation. To explore a better 15 

approach to understand the degradation of MO over the ZnGa2O4 
PCs, different types of scavengers were used in this work. As 
shown in Fig. 8, the addition of HCOONH4 as a hole-scavenger43 

significantly inhibited the photocatalytic activity, which indicated 
that the photoinduced holes played the most important role in the 20 

degradation of MO. Furthermore, terb-butyl alcohol (TBA) as a 
scavenger for ·OH44 and benzoquinone (BQ) as ascavenger 
for ·O2-44 suppressed the photocatalytic activity to a lesser extent. 
It was found that the photocatalytic activity of sample ZG 
PCs/180 could be improved observably when the reaction was 25 

carried out under O2 atmosphere (see Fig. 8). The presence of O2 
could trap the photoinduced electrons (e- + O2→·O2-). As a result, 
more photoinduced holes, ·OH radicals and ·O2- radicals could be 
generated, and then participate in the degradation of MO. By 
contrast, sample ZG PCs/180 showed low catalytic activity for 30 

the degradation of MO under N2 atmosphere. This could be 
attributed to that the N2 atmosphere aggravated the recombination 
of photoinduced carriers. These results further indicated that the 

 
Fig. 9 (a) UV-vis spectra of the DPD/POD reagent reacted with the 35 

produced H2O2 and (b) the ·OH-trapping PL intensity of the TA aqueous 
solution at 426 nm in the presence of different ZnGa2O4 samples after 75 

min of UV light irradiation. 

photoinduced holes, ·OH radicals and ·O2- radicals were the 
important species in the degradation of MO over the ZnGa2O4 40 

PCs. 
Furthermore, the formation process of the ·OH radicals was 

investigated in detail. Generally, the photoinduced holes (h+) of 
the ZnGa2O4 PCs could react with water to produce the ·OH 
radicals (h+ + H2O →·OH + H+; Evalance band (ZnGa2O4) = 2.95 V 45 

vs. SHE at pH 7;45 E (·OH/H2O) = 2.27V vs. SHE at pH 7 46). In 
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this work, as shown in Fig. 9a, the presence of H2O2 was also 
detected in the photocatalytic reaction by the DPD method. The 
formation of H2O2 could be as a consequence of the reduction 
reactions by the photoinduced electrons (e-) of ZnGa2O4 (e- + 
O2→·O2-; 2 e- + O2 + 2H+→ H2O2; ·O2- + ·O2- + 2H+→ H2O2 + 5 

O247). H2O2 would further decompose into the ·OH radicals 
(H2O2 +hυ→ 2 ·OH). Therefore, these results revealed that there 
were two ways in the formation the ·OH radicals for the ZnGa2O4 
PCs: the first one was the reaction between the photoinduced 
holes and water molecules; the second one was the 10 

decomposition of H2O2. 
It was noted that the amount of H2O2 in the sample ZG 

PCs/180 system was higher than other sample systems (Fig. 9a). 
Moreover, the presence of ·OH radicals was proved by the PL-
TA method in this work. The peak at 426 nm in Fig. S8 indicated 15 

the formation of ·OH. As shown in Fig. 9b, the ·OH-trapping PL 
intensity at 426 nm over sample ZG PCs/180 was relatively 
stronger as compared to other ZnGa2O4 PCs. The more H2O2 

and ·OH radicals produced in the aqueous solution under UV-
light irradiation could be attributed to the slow photon effect for 20 

sample ZG PCs/180. These results might further explain why 
sample ZG PCs/180 showed the highest photocatalytic activity 
for the degradation of MO. 

On the basis of the above experimental results, the synthesis 
process of the ZnGa2O4 PCs and the proposed mechanism for the 25 

photocatalytic degradation of MO over the ZnGa2O4 PCs were 
illustrated in Scheme 1.When the ZnGa2O4 PCs were irradiated 
under UV light, the slow photon effect on the edge of photonic  
band gap enhanced the electronic band absorption. As a result, 
more photoinduced carriers were created, and then migrated to 30 

the surface of the photocatalyst to participate in the redox 
reactions. The photoinduced electrons on the conduction band 
(CB) were trapped by adsorbed molecular oxygen on the 
photocatalyst surface to produce ·O2- radicals and H2O2 
molecules. The ·O2- radicals and H2O2 molecules would 35 

converted into ·OH radicals by chain reactions. Furthermore, a 
part of photoinduced holes on the valence band (VB) could 
oxidize H2O molecules to produce ·OH radicals. Photoinduced 
holes, ·OH radicals and ·O2-radicals had strong oxidative abilities, 
and therefore they could degrade MO into CO2 and H2O. 40 

4. Conclusion 
In summary, we have developed a facile method to prepare the 
ZnGa2O4 PCs for the first time. The pure ZnGa2O4 PCs with 
highly ordered skeleton structure could be obtained at a relatively 
lower temperature (500 °C) by using acetylacetone-complexed 45 

metal ion precursors. The as-prepared ZnGa2O4 PCs exhibited 
better photocatalytic activity towards the MO degradation 
compared to the porous ZnGa2O4 and ZnGa2O4 nanocrystals due 
to the facilitated mass transport in the highly-ordered channel. By 
changing the pore diameter of the ZnGa2O4 PCs, the slow photon 50 

effect could be observed over sample ZG PCs/180, which 
enhanced the electronic band absorption and further improved the 
corresponding photocatalytic activity. Excellent photocatalytic 
stability could also be achieved over the ZnGa2O4 PCs. Further 
experimental results indicated that photoinduced holes, ·OH 55 

radicals and ·O2- radicals were the main active species 
responsible for the degradation of MO for the ZnGa2O4 PCs. 

 

 
Scheme 1 The synthesis process of the ZnGa2O4 PCs and the proposed 60 

mechanism for the photocatalytic degradation of MO over the ZnGa2O4 
PCs. 
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A facile method to prepare ZnGa2O4 photonic crystals with enhanced electronic band 

absorption and photocatalytic activity. 
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