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on crystalline and molecular engineering 
could turn the band gap of g-C3N4 by 
element doping,[4] using different pre-
cursors,[5–9] introducing crystal defects 
or amorphous structure,[3,10,11] forming 
carbon vacancies,[12] fabricating heterojunc-
tion composites,[13–15] and so on. Structural 
regulation mainly focused on increasing 
specific surface area,[16–21] typically making 
mesoporous by templates with high spe-
cific surface area.[16,17,20,21] However, most 
of studies reported focused on g-C3N4 
in the powder form due to the contradic-
tion between the highly open framework 
and the insufficient mechanical strength. 
Some recent progresses have been made 
to achieve 3D macroform g-C3N4 based on 
robust substrate,[19] but major challenges 
remain to develop a substrate-free g-C3N4 
film with high photocatalytic activity.

Photonic crystals (PCs) are materials with spatially peri-
odic variation of the dielectric permittivity on the order of the 
wavelength of light. The propagation of light within a certain 
frequency range is forbidden in a certain crystal direction 
within a certain spectrum regime, namely photonic stop-
band.[22,23] Special properties of PCs, such as inhibition of 
spontaneous emission,[24–26] slow light, and amplified photon 
absorption/emission,[27–30] provide numerous possibilities 
for “photon management” applications. Thus introducing PC  
structure is a promising strategy for promoting photo -
catalytic activity of photocatalyst and the performance in 
optoelectronic devices.[27–33] Consequently, if g-C3N4 is fabri-
cated in a PC form, the spontaneous emission by the recom-
bination of photogenerated carriers could be inhibited and 
the photocatalytic activity could benefit from the bicontinous 
network with increased visible light absorption via slow 
photon effects.

Inspired by considerations above, herein we demonstrate 
a general solution approach to tackle the challenge via a free-
standing colloidal crystal templating method (see Scheme 1). 
Freestanding, highly ordered, crack-free silica PCs are gener-
ated by evaporative-vertical deposition. Subsequently, the cal-
cination of the precursor dicyandiamide (DCDA) followed by 
removal of silica PCs generates highly uniform macroscopic 
g-C3N4 PC films. The resultant freestanding g-C3N4 PCs pos-
sesses a 3D interconnected network with tunable photonic 
stop band, exhibiting significantly improved photocatalytic 
activity in photodegrading and water splitting under visible 
light.
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1. Introduction

Photocatalytic technology applied in water purification and 
hydrogen evolution has attracted a great research interest as 
it provides potential solution to severe environment pollution 
and sustainable energy.[1] Recently, a stable and eco-friendly 
semiconductor-based photocatalyst with a suitable band gap of 
≈2.7 eV, graphite-carbon nitride (g-C3N4), was found to show 
photocatalytic performance under visible light.[2] Neverthe-
less, the inherent deficiency of this material, including low 
specific surface area, inefficient use of the visible light, and a 
high recombination rate of electron/hole, limited its practical 
application.[1a,3] Great effort has been made for improving the 
photocatalytic activity of g-C3N4 by chemical modification and 
nanostructure regulation.[3–21] Chemical modification based 
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2. Results and Discussion

2.1. Microstructure and Stop Band of Freestanding Silica PCs

Conventional self-assembly processes such as sedimenta-
tion,[34] shear flow,[35] spin-coating,[36] evaporative,[37] and 
“flowcontrolled” deposition have been widely used to fabri-
cate colloidal crystal films with a typical single domain area 
of 20 μm (see Figure S1, Supporting Information),[38] but the 
yield and crystallinity of PCs were unsatisfactory because sub-
stantial precipitates and cracks formed during the self-assembly 
processes.[34–38] By controlling the evaporative deposition con-
ditions, the silica PCs in this work had centimeter-scale single 
domain area, stop band full-width-at-half-maxima (FWHM) 
of 30 nm, with little wasteful sediment during the assembly. 
Figure S2 in the Supporting Information shows the scanning 
electron microscopic (SEM) images of 200 nm diameter silica 
PCs with scale bar of 100 μm, indicating that the PCs were 
highly ordered and regularly aligned in a large area with a 
thickness over 50 μm (Figure S2e, Supporting Information). 
The uniform reflected colors from the PCs, which were caused 
by Bragg diffraction of visible light, as observed in Figure S3a 
in the Supporting Information. The measured reflectance 
spectra for the PCs with different microsphere diameters along 
the PC 〈111〉 direction were shown in Figure S3b in the Sup-
porting Information. These reflectance peaks were attributed to 
the stop-bands along the Γ–L direction in the reciprocal space 
of the PCs.[39] For comparison, disordered silica aggregate was 
fabricated via multi-dispersed microspheres under the same 
conditions as the silica PCs (see Figure S4 in the Supporting 
Information).

2.2. Microstructure and Stop Band of g-C3N4 PCs

The bulk g-C3N4, g-C3N4 inverse opals fabricated from the silica 
PCs and disordered silica aggregate were denoted as bulk-C3N4, 
180-C3N4, 200-C3N4, 215-C3N4, 236-C3N4, 260-C3N4, and dis-
C3N4, respectively. As shown in Figure 1, the spherical pores in 

the g-C3N4 PCs were 3D ordered with periodic 
macroporous structures. In addition, the macro-
porous structure was mechanical stable through 
powder grinding and photocatalysis reaction 
(see Figure S5, Supporting Information). The 
macropore sizes of the g-C3N4 PCs were found 
to be very close to the original colloidal sphere 
because of the hard templating.

The stop-bands of these g-C3N4 PCs in water 
were confirmed by the structural colors and the 
reflection spectra in Figure 2. The reflectance 
maxima of g-C3N4 PCs along the PC 〈111〉 direc-
tion in water red shifted about 40 nm com-
pared to the original silica PCs templates in air 
because of the high refractive index of g-C3N4 
(calculated as 1.8) and filling medium of water. 
For comparison, the reflectance spectra for bulk-
C3N4 and dis-C3N4 with the same testing condi-
tion were shown in Figure S6 in the Supporting 
Information. As Figure S6 in the Supporting 
Information shows, no significant reflectance 

characteristic was detected, indicating that though there 
were many previous works using silica for templating carbon 
nitride,[16–18,20,21] the stop-bands in g-C3N4 could only achieved 
by highly ordered silica PC with sphere diameter about 200 nm.

More detailed information about the ordered and disordered 
framework of 200-C3N4 and dis-C3N4 was accessed by nitrogen 
absorption–desorption isotherms (see Figure 3 and Table 1). 
Dis-C3N4 and 200-C3N4 were very similar in the distribution 
of micropores and mesopores. However, dis-C3N4 possessed 
higher specific surface area (57.6917 m2 g−1) and correspond-
ingly larger pore volume (0.3478 cm3 g−1) than that of 200-C3N4 
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Scheme 1. Schematic illustrations for a) the g-C3N4 PCs in photocatalysis and b) the 
preparing route to obtain g-C3N4 PCs.

Figure 1. SEM images of the 200-C3N4. a) scale bar: 30 μm, b) scale 
bar: 1 μm.
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(50.0022 and 0.2122 m2 g−1), because smaller microspheres 
could promote the surface area more effectively.

2.3. The Crystal and Chemical Structure States of g-C3N4 PCs

Direct evidence for the formation of g-C3N4 was obtained using 
X-ray diffraction (XRD), X-Ray photoelectron spectrometer 
(XPS), and elemental analysis.

As shown in Figure 4, the characteristic XRD patterns of 
the g-C3N4 PCs were similar to that of the bulk material. The 
diffraction peak at 27.6° was attributed to the {002} reflection 
of the conjugated aromatic stacking structure with a spacing 
about 0.32 nm, whereas the peak at 13.1° corresponded to the 
{001} reflection from the in-plane repeating unites of the con-
tinuous heptazine framework.[2]

In Figure 5, XPS measurements showed that two major 
carbon species and three nitrogen species existed in our prod-
ucts, including the sp3-bonded carbon in C–C (≈284.6 eV) 
and N–C=N (≈288.2 eV), the sp2-bonded nitrogen in C–N=C 
(≈398.6 eV), the nitrogen in tertiary N–(C)3 groups (≈399.6 eV), 
and the presence of amino groups (C–N–H, ≈401.1 eV) caused 
by imperfect polymerization. No obvious binding energy shift 
of C 1s and N 1s core electrons was observed, suggesting that 

the chemical states of both carbon and nitrogen in the g-C3N4 
PCs were the same as in the bulk g-C3N4.

The C/N ratios of different samples measured by elemental 
analysis are given in Table S1 in the Supporting Information, 
indicating that the C/N ratios of the g-C3N4 PCs were in accord-
ance with the C/N ratio of bulk-C3N4.

The results above resembled the reference bulk-C3N4, sug-
gesting that the g-C3N4 PCs were successfully fabricated via the 
melting-infiltration colloidal crystal templating method.

2.4. Band Structures and Photophysical Behaviors of Charge 
Carriers in g-C3N4 PCs

To characterize the process of charge separation and the energy-
wasteful recombination in the g-C3N4 products, photolumi-
nescence (PL) spectra and PL lifetime of the powdered g-C3N4 
products (see Figure 6) were recorded as water suspensions, 
in accordance with the photocatalytic conditions. A strong PL 
emission was observed for the bulk-C3N4, due to the radiative 
recombination of charge carriers. The PL emission suppressed 
for dis-C3N4 sample, indicating that the bicontinuous frame-
work could create large surface area for charge traps.[3,16] The 
PL emission was further suppressed for 200-C3N4, in spite of 
the lower specific surface area (see Table 1). Normalized PL 
spectra showed the obvious redshift of the PL emission due to 
the suppression below the PL maximum wavelength caused 
by the PCs with higher incident angle (see Figure 7). The PL 
emission of 200-C3N4 film in Figure S7 in the Supporting 
Information showed further redshift from that of the powder 
form, which supported the conclusion of PL suppression by the  
photonic stop band.

In addition, the lifetime of PL became longer due to the 
stop band suppression, in accordance with other studies where 
direction-dependent suppression of PL by PCs was observed 
with changes in PL lifetimes by about 10%.[40,41] When the stop 
band overlapped with the PL emission, the PL intensity would 
be suppressed, leading to energy transfer and the slower decay 
of the PL.[24–26,40,41] The hallmark feature of the PC structure 
was the decrease of photonic density of states when the stop 
band overlapped with the emission curve,[24,25,42] leading to sup-
pressed exciton transition rates which lengthened the PL life-
time.[24,42] The photonic density of states in the g-C3N4 could 
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Figure 2. The reflectance spectra and the corresponding structural colors 
of the g-C3N4 PCs along the PC 〈111〉 direction in water. Scale bar: 1 mm.

Figure 3. a) N2 adsorption–desorption isotherms and b) BJH pore-size distributions for bulk-C3N4, dis-C3N4 and 200-C3N4, respectively.
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dominate the transition probability from the excited state to the 
ground state during which the fluorescent photons generated, 
according to the Fermi’s golden rule[43]

W V E2 fi
2

fi�π ρ( )=  
(1)

where W is the transition rate, h̄ is the reduced Planck con-
stant, Vfi is the matrix element of the potential that operates 
between the initial and final value, ρ(Efi) is the density of states 
at the energy of the transition. Consequently, the suppressed 
transition rates of the exciton meant suppressed radiative com-
bination, leading to weaker PL intensity and improving the 
probability of exitons’ (namely charge carriers’) involvement in 
photocatalytic reactions before recombination.

The electronic band structure of the 200-C3N4 was investi-
gated by a combined analysis of UV–vis diffuse reflectance 
spectrum (DRS) and the Mott–Schottky plots. UV–vis dif-
fuse reflectance spectrum of 200-C3N4 featured a typical sem-
iconductor-like absorption (see Figure 8) with a band edge at 
≈460 nm corresponding to 2.66 eV. A remarkably enhanced 
light-harvesting ability within a wide range of visible light for 
the 200-C3N4 over the bulk-C3N4 was considered as a result of 
multiple scattering and the slow photon effects within the struc-
ture. Stronger reflectance by the stop band was also observed in 
the UV–vis DRS (see Figure S8 in the Supporting Information). 
However, the corresponding semiconductor bandgap energy 
and conduction band (CB) determined by electrochemical 
Mott–Schottky plots (see Figure S10 in the Supporting Infor-
mation) for the 200-C3N4 had no significant change from that 
of the bulk-C3N4.

The increased UV–vis absorption was also reflected in the 
increased photocurrent. The electron-transfer conductivity con-
firmed by the photocurrent (Figure S9, Supporting Informa-
tion) for 200-C3N4 was consistent with the increased UV–vis 

absorption in Figure 8, indicating the improved charge separa-
tion, hence an enhancement of the photocatalytic performance.

2.5. Improved Photocatalytic Activities of g-C3N4 PCs

In order to demonstrate the PC structure–function correction 
of the g-C3N4 PCs, we evaluated the photodegradation of methyl 
orange (MO) in Figure 9a and H2 evolution activity (HER) in 
Figure 9b under visible light irradiation (λ > 420 nm).

No detectable degradation of MO was measured under the 
visible light irradiation without photocatalysts. Dis-C3N4 had 
an improved photodegradation effects due to its improved sur-
face area over bulk-C3N4. However, 200-C3N4 performs much 
higher degradation rate even though the surface area was 
lower (see Figure 9a). As shown in Figure 9a, 200-C3N4 was 
able to completely decoloring MO in 45 min irradiation while 
dis-C3N4 decolored 98% MO in 120 min. Among the g-C3N4 
PCs, 200-C3N4 displayed the highest photodegrading activity, 
suggesting the photocatalysis activity was related to the stop 
bands of the g-C3N4 PCs. HPLC results in Figure S11 in the 
Supporting Information supported the improved photocatalysis 
activity of 200-C3N4 and indicated that the major degradation 
process could be the demethylated (N-methyl) route in the first 
step.

Figure 9c concluded the two major mechanisms how the 
stop band in g-C3N4 led to enhanced photocatalytic activity. 
Firstly, the stop band could reduce the radiative recombina-
tion via decreasing photonic density of states when the stop 
band overlapped with the emission curve. Secondly, the stop 
band could increase light absorption via slow light effects 
when the red-edge of the stop band overlapped with the  
photocatalytic absorption range of g-C3N4. (The light in a PC 
travels with very low group velocity near the photonic stop-
band edges due to multiple back scattering and the forming 
of stand waving, referred to as slow light.[27] Such slow photon 
effects can increase the effective optical path length at the red 
edge of stop-band, promoting light absorption of the photo-
catalytic PCs.[27–30]) As these two effects referred to different 
wavelength of the stop band (hence different incidence angle 
of the same PC g-C3N4), Figure 9c indicated the incident angle 
region for 200-C3N4 which could lead to PL depression or slow 
light effects. The stop bands based on normal incidence for the 
g-C3N4 PCs from 180-C3N4 to 260-C3N4 were 442, 480, 510, 568, 
and 599 nm, respectively. According to the reported works, the 
position of the slow light was located in the long wavelength 
edge of the stop band.[27–32] Taking into account the random 
distribution of incident angle to the g-C3N4 PCs in the suspen-
sion, we calculated the incident-angle-dependent diffraction 
maxima of the 200-C3N4 (see Figure 9c). According to the modi-
fied Bragg’s law (see Equation (2) in Section 4), the stop band 
position would shift to shorter wavelength with the increasing 
incident angle. As the stop band blue-shifts with the increasing 
incident angle, the long wavelength edge of the stop band 
(about 60 nm from the diffraction maxima) overlapped with the 
irradiation light and the absorption band of g-C3N4, leading to 
the enhanced absorption via slow light effects and the improved 
photocatalysis. It is needed to be pointed out that there could 
be a third mechanism for the photocatalysis enhancement: 
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Table 1. BET surface area and pore volume of g-C3N4 samples.

Sample BET surface area 
[m2 g−1]

Pore volume 
[cm−3 g−1]

bulk-C3N4 9.4459 0.0803

Dis-C3N4 57.6917 0.3478

200-C3N4 50.0022 0.2122

Figure 4. Powder XRD patterns of the g-C3N4 samples.
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stronger reflections by the photonic structure from the back of 
the photocatalysis. Ge and co-workers reported the synergetic 
enhancement of meso-C3N4 nanorods with PC films as support 
substrates.[33]

In HER measurement, 3 wt% Pt was loaded onto all 
of the g-C3N4 samples to increase activity via forming a 
metal-semiconductor heterojunction (see Figure S12 in the 
Supporting Information).[1b] Figure S13 in the Supporting 
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Figure 5. C1s and N1s XPS spectra of bulk-C3N4, 200-C3N4 and dis-C3N4, respectively.

Figure 6. a) PL spectra under 420 nm excitation and b) the measured values of lifetime by time-resolved PL spectra monitored at 470 nm under 
406.2 nm excitation at 298 K for bulk-C3N4, dis-C3N4, and g-C3N4 PCs powder suspension in water.
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Information demonstrates that the Pt nanoparticles with diam-
eters about 5–10 nm were well-dispersed on the wall of the 
200-C3N4. As shown in Figure 9b, the HER of dis-C3N4 was  
1260 μmol g−1 h−1 with an enhancement factor of 5.6 which was 
close to its specific surface area enhancement from bulk-C3N4 
(6.1 times). The HER of 200-C3N4 was 1979 μmol g−1 h−1, with 
an enhancement factor of 8.82 when compared with bulk-C3N4 
(224.4 μmol g−1 h−1), while the surface area of 200-C3N4 was 
only 5.29 times larger than the bulk-C3N4. Therefore, the H2 
evolution enhancement was further attributed to slow photon 
effects, PL depression and multiple scatterings of the g-C3N4 
PCs. The 200-C3N4 was one of the most effective macropore 
regulated g-C3N4 without changing the band gap and crystal-
lization of g-C3N4 (see Table S2 in the Supporting Information). 
In addition, the HER of 200-C3N4 was stable during through 
12 h experiment. The chemical and morphology stability of 
200-C3N4 were evidenced by FTIR (Figure S15, Supporting 
Information), XPS (Figure S16, Supporting Information), and 
SEM (Figure S5b,c, Supporting Information) characterizations 
after the hydrogen evolution. 200-C3N4 without grinding also 

had higher HER than bulk-C3N4 powder even though the area 
for receiving light was much less than that of the powder form 
(see Figure S14 in the Supporting Information). Higher effi-
ciency could be obtained by doping, amorphization and intro-
ducing mesoporous structure.

3. Conclusion

In summary, freestanding macroscopic g-C3N4 PCs were 
obtained by highly ordered, crack-free colloidal crystal tem-
plating. The g-C3N4 PCs exhibited enhanced photodegradation 
and hydrogen evolution activity under visible light irradiation, 
as a result of the combination of slow photon effects, mul-
tiple scatterings, hierarchical porous structure and quenched 
radiative recombination, with a hydrogen evolution rate of 
1979 μmol g−1 h under λ > 420 nm irradiation, 8.82 times as 
much as that of bulk g-C3N4. In addition to the promising appli-
cation of g-C3N4 PCs as a photocatalyst for water splitting, we 
anticipate that this work provides a facile and low-cost method 
for incorporation of freestanding PC materials to a wide variety 
of devices.

4. Experimental Section
Synthesis of Silica PCs: Monodispersed silica microspheres with 

diameters of 180–260 nm were synthesized via Stöber method.[44] Briefly, 
tetraethyl orthosilicate (TEOS, 1.0–2.5 g) was dissolved in ethanol 
(36 mL) at 25 °C, followed by slowly adding the mixture of ammonia 
(1.8 g) and deionized water (1.8 g). The mixture was kept stirring 
at 25 °C for 12 h. The diameter of the silica microspheres could be 
adjusted by varying the amount of TEOS and the temperature. After that, 
monodisperse silica microspheres were obtained after centrifugation 
and dispersion in water for several times to remove the residues. 
Afterward, the obtained silica spheres, which dispersed in water with a 
concentration of 5 wt%, were allotted into 10 mL vials. The silica PCs 
self-assembled on the wall of the vials at 60 °C with a relative humidity 
of 65% for ≈48 h, with little sediment at the bottom.

Synthesis of Disordered Silica Aggregate: Multi-dispersed silica 
microspheres with average diameter of 120 nm were synthesized as 
follows: 17 g tetraethyl was orthosilicate dissolved in 360 mL ethanol 
at 25 °C, followed by pouring in the mixture of 18 g ammonia and 18 g 
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Figure 7. a) Normalized excitation and emission spectra under 420 nm (bleft and right line traces, respectively) of bulk-C3N4 suspension, with the 
stop band maxima of the 180-C3N4, 200-C3N4, 215-C3N4, 230-C3N4, and 260-C3N4, based on normal incidence (dashed lines) and 0–35 °C (one half of 
the crystal plane angle of PC {111} planes) incidence (hatching regions). b) Normalized PL spectra under 420 nm excitation for bulk-C3N4, dis-C3N4, 
and 200-C3N4 powder suspension in water.

Figure 8. UV–vis diffuse spectrum of 200-C3N4 and bulk-C3N4 powder. 
Inset: the corresponding Tauc plots.
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deionized water. The mixture was kept stirring at 25 °C for 12 h. The 
purification and assembling method were the same with the silica PCs.

Synthesis of g-C3N4 PCs and Disordered g-C3N4: Firstly, DCDA (0.3 g) 
was mixed with silica PCs (0.5 g) or disordered silica aggregate, and 
calcined in N2 at 520 °C with a ramp of 2 °C min−1 for 2 h. Afterward, 
the product was further heated to 550 °C with a ramp of 4 °C min−1 
and kept at 550 °C min−1 for another 2 h. The as-obtained product was 
etched using 4 m NH4HF2 solvent for 72 h to remove the silica templates 
completely, washed with DI water three times and dried under ambient 
conditions. The yield based on carbon atom was about 68.5 wt%.

Synthesis of Bulk g-C3N4 PCs: For comparison, bulk g-C3N4 without PC 
structure was prepared by direct annealing DCDA in N2 with the same 
treatments with g-C3N4 PCs.

Preparation of Photoelectrode: Firstly, powdered photocatalysts were 
transformed into slurry (5 mg mL−1 in N,N-dimethyformamide, with one 
drop of 0.25% Nafion) under sonication. The slurry was then dip-coated 
onto a clean indium-tin oxide (ITO) conductor glass with a controlled 
area of 0.25 cm2 to form a film electrode. Finally the photoelectrode was 
dried and heated at 200 °C in air.

Characterization: Powder XRD measurements were performed on 
Rigaku Co SmartLab. XPS data were obtained on Thermo ESCALAB 
250 instrument with a monochromatized AlKα line source (200 W). All 
binding energies were referenced to the C1s peak at 284.6 eV. Elemental 
analyses for C and N were carried out in an Elementar Vario EL 
elemental analyzer. Reflectance spectra were measured by Ocean optics 
USB-2000+ fiber spectrophotometer coupled with a tungsten halogen 
light source and a fiber optic reflection probe. The UV–vis DRS for 
g-C3N4 and UV–vis absorption spectra for MO solutions were measured 
on Shimadzu UV-3600. Nitrogen adsorption–desorption isotherms were 
collected at 77 K using Micromeritics ASAP 2020 M. SEM images  
were taken on Hitachi S-4800 field-emission microscope. PL spectra were 
recorded on an Edinburgh FLS 980 spectrophotometer. Electrochemical 
measurements were conducted with a CHI Electrochemical System. 
HPLC measurements were carried out on a Hewlett Packard HP1100 
high performance liquid chromatography with acetonitrile: 0.01 mol L−1 
ammonium acetate aqueous solution = 3:7 V/V as mobile phase at speed 
of 0.8 mL min−1. Transmission electron microscope (TEM) images were 
taken on JEOL JEM-2100F field-emission microscope. FTIR measurement 
was carried out on a Nicolet-Nexus 670 infrared spectrophotometer.

Photocurrent Analysis: Electrochemical measurements were performed 
on a CHI Electrochemical System with a conventional three electrode cell 
in 0.2 m Na2SO4 aqueous solution with 0.1 V bias potential, where a Pt 
plate and an Ag/AgCl electrode (3 m KCl for photocurrent measurement 
and saturated KCl for impedance measurement) were used as 
counter electrode and reference electrode, respectively. Before each 
measurement, the electrolyte solution was well purged with nitrogen 
prior to the measurements. The visible light was generated by a 300 W 
xenon lamp (Microsolar 300) with appropriate long-pass cut-off filters.

Photocatalytic Photodegradation Test: The photodegradation activities 
were evaluated by the decomposition of MO under visible light irradiation 
(λ > 420 nm). Visible irradiation was obtained from a 300 W xenon lamp 
(Microsolar 300, PerfectLight, Beijing) with a 420 nm cut-off filter. Before 
irradiation, powdered photocatalyst (35 mg) were magnetically stirred in 
MO aqueous solution (35 mL, 20 mg L−1) for 4 h in dark for adsorption 
equilibrium. At certain time intervals, aliquots (3 mL) were sampled 
and centrifuged to remove the particles. The concentration of MO was 
analyzed by recording the UV–vis absorption maxima which could blue-
shift from 466 to 452 nm during the degradation.

Photocatalytic H2 Evolution Test: Photocatalytic water splitting was 
carried out in a Pyrex top-irradiation reaction vessel connected to a glass 
closed gas circulation system. H2 evolution was performed by dispersing 
20 mg of powdered photocatalyst in an aqueous solution (100 mL) 
containing triethanolamine (10 vol%) as sacrificial electron donor. 
3 wt% Pt was photodeposited onto the catalyst using H2PtCl6·6H2O 
dissolved in the reactant solution. The reaction solution was evacuated 
several times to remove air completely prior to irradiation under a 
300 W Xeon-lamp with a 420 nm cut-off filter. The temperature of the 
reaction solution was maintained at room temperature by the cooling of 
circulating water during the reaction. The evolved gases were analyzed 
by gas chromatography (7820A, Agilent) equipped with a thermal 
conductive detector and a 5 Å molecular sieve column, using Argon as 
the carrier gas.

Calculation of the Incident-Angle-Dependent Diffraction Maxima: The 
correlation between the stop band, spherical diameter, and incidence 
angle could be summarized by following equation 

D n f n f= 2 2
3

1 sinmax g-C N
2

water
2 2

3 4
λ θ( )+ − −

 (2)

Figure 9. a) Concentration changes of MO as a function of irradiation 
time with different photocatalyst samples as powder under visible light 
irradiation (λ > 420 nm). C0 = 20 mg L−1. b) Hydrogen evolution of 
200-C3N4, dis-C3N4, and bulk-C3N4 powder under visible light irradiation 
(λ > 420 nm) with 3 wt% Pt, and triethanolamine as a hole scavenger. 
c) Calculated incident-angle-dependent diffraction maxima of the 
200-C3N4 (black solid line) and the red edge of the stop band within the 
absorption region of g-C3N4 (upper short dashed line).
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where λmax is the wavelength of stop band (diffraction maxima), D is the 
spherical diameter of the inverse opal (taken the same as the silica PCs 
due to the hard templating), f is the g-C3N4 phase volume percentage 
(0.26), θ is the incidence angle, ng-C N3 4

 and nwater are the refractive index 
of g-C3N4 (1.80) and water (1.33) respectively.
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