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Construction of 2D g-C3N4 lateral-like homostructures and their 
photo- and electro-catalytic activities† 
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g-C3N4 crystalline/amorphous lateral-like homostructures were 

prepared using crystalline g-C3N4 nanosheets as seeds via 

sequential edge-epitaxy growth. The homojunction effectively 

separates photogenerated carriers, resulting in the high photo- 

and electro-catalytic activities.  

Two-dimensional (2D) in-plane heterojunctions have attracted 

significant attentions because of their superior properties 

generated by electrons that are free to move but restricted in 

the third direction.[1] Such 2D heterostructures consisted of 

single or several atomic layers do not exist in nature, but can 

be fabricated through the epitaxial growth strategy. Currently, 

the study of 2D in-plane heterojunctions mainly focused on 

transition metal dichalcogenides (TMD) due to the nature of 

the heterostructures. For example, Chiu and co-workers 

reported on TMD artificial heterostructures prepared via a 

multistep chemical vapor deposition (CVD) synthesis.[1a]  

Duan’s group fabricated 2D WS2-WSe2 heterostructures with 

precisely controlled spatial modulation.[1c] For other layered 

materials with covalent bonding (e.g. carbon based materials), 

the constructing of few-layer 2D lateral heterostructures 

becomes a challenge because of the limitation of structures.[2]  

As a metal-free polymeric photocatalyst, graphic carbon 

nitride (g-C3N4) with a suitable bandgap energy of 2.7 eV for 

visible photocatalysis has attracted considerable attention 

compared with other 2D nanomaterials (e.g. graphene, MoS2) 

because of its organic features.[3] g-C3N4 can be obtained by 

various methods, such as simultaneous exfoliation of bulk C3N4 

into layers of C3N4 via mechanical grinding, chemical, and 

physical routes. The molecular structure and electronic 

properties of g-C3N4 could be easily modulated via forming 

heterostructures, such as semiconductor phase growth, doping, 

and noble metal modification.[4] However, lateral 

heterostructures of g-C3N4 are rarely reported due to 

difficulties in synthesis. The heterostructure of g-C3N4 can be 

created via π-π stacking interactions, in which, vertical 

heterojunctions are achieved.[2a] Inversely, the unique in-plane 

2D heterojunctions are obtained using direct CVD growth via 

edge epitaxy. It is facile to prepare TMD lateral 

heterostructures via CVD growth.  Thus, a novel method with 

precise control is required for constructing g-C3N4 lateral-like 

heterostructures for high-efficiency photo- and electro-

catalysts.  

Herein, a multistep CVD method has been developed to 

prepare g-C3N4 crystalline/amorphous lateral-like homo-

structures (Experimental, ESI†). Crystalline and amorphous g-

C3N4 nanosheets were prepared via deposition and 

polymerization of melamine at different temperatures.    Fig. 1  

 

  

  

Fig. 1 TEM images of samples. (a) CN-650. (b) CN-750. (c) and (d) CN-

750@650. The inset in (b) shows the lattice fringes of crystalline g-C3N4. 
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shows the transmission electron microscopy (TEM) and high-

resolution TEM images of g-C3N4 samples. The results indicate 

that sample prepared at 650 °C (CN-650) is amorphous (Fig. 1a) 

while sample prepared at 750 °C (CN-750) is crystalline (Fig. 

1b). The crystallinity of CN-750 is ascribed to the slow multi-

heating-treated procedure, multistep control, and high 

temperature setting. g-C3N4 crystalline/amorphous lateral-like 

homostructures were created using CN-750 as seed and 

prepared at 650 oC (CN-750@650). CN-750@650 still remained 

a nanosheet morphology as shown in Fig. 1c. However, there 

clearly exist interfaces between the crystalline and amorphous 

g-C3N4 (Fig. 1d). The presence of defects in such 

crystalline/amorphous interfaces cannot be ruled out. The 

lattice fringes is 0.324 nm as (002) facet. Because of the 

crystallinity of CN-750, the edge-epitaxy growth of amorphous 

phase occurred. The interface of g-C3N4 crystalline/amorphous 

lateral-like homostructures is not like that of TMD in-plane 

heterostructures. The g-C3N4 crystalline/amorphous lateral-like 

homostructures consisted of few layers of g-C3N4.  

X-ray diffraction (XRD) patterns of samples (Fig. S1, ESI†) 

indicate that two XRD peaks at 12.8° and 27.9° were observed 

for all three samples corresponding to the (100) and (002) 

facets, respectively. The weak peak is caused by the periodic 

arrangement of the triazine in g-C3N4 and the higher intensity 

peak is related to the stacking of the conjugated aromatic 

sections of carbon nitride.[5] All samples show g-C3N4 phase 

with identical XRD patterns. Nevertheless, the XRD peak 

intensity of CN-750 is the highest, suggesting that calcination 

at high temperature improves the crystallinity. The peak 

intensity of CN-750@650 is also enhanced compared with CN-

650 due to the presence of crystalline g-C3N4 in the sample 

(Fig.1d). 

Fig. 2a to 2f shows the X-ray photoelectron spectroscopy 

(XPS) spectra (e.g. C1s and N1s spectra) of CN-650, CN-750, 

and CN-750@650. The C1s spectra of samples show the peaks 

related C-C, C-O-C/C-OH, C=N, C-N, and satellite C1s peak (Fig. 

2a, 2c and 2e). The peak intensity ratios are listed in Table S1 

and S2 (ESI†). The N1s spectra of samples show the peak 

positions corresponding to C-N=C (Pyridinic-N), N-(C)3 

(Pyrrolic-N), N-H(graphitic N) (Fig. 2b, 2d and 2f). CN-650 

shows high C-C and N-(C)3 ratios as compared with CN-750, 

suggesting that the distillation of N element occurred at higher 

temperature. For the homostructure sample, the ratio of C-N 

peak is the highest. This could indicate the homojunction 

formation through the C-N connection. The N/C ratio of CN-

650, CN-750, and CN-750@650 are 1.16, 0.90, and 1.17, 

respectively. This also confirms that the amount of N element 

decreased with increasing temperature. According to UV-VIS 

diffuse reflectance spectra, the band gap of the samples was 

estimated[6] by using the transformed Kubelka–Munk function 

(A(hv-Eg)r=αhv).[7] The band gaps of CN-650, CN-750, and CN-

750@650 were estimated to be 2.55, 2.75, and 2.70eV, 

respectively (Fig, S2, ESI†). The band gap of CN-750@650 is 

between CN-650 and CN-750.  

 

  

Fig. 2 XPS spectra (a to f) and Photocatalytic performance (g & h) of 

samples. (a, b) CN-650. (c, d) CN-750. (e, f) CN-750@650C. (g) 

Photocatalytic degradation plots of RhB with time and (h) H2 

production curves for H2 evolution of samples under visible light (λ > 

420 nm). 

 
g-C3N4 is a typical material for photocatalyst under visible 

light.[8] The microstructure adjustment results in the change of 

photocatalytic activity. Fig. 2g shows the plots of rhodamine B 

(RhB) degradation under visible light. CN-750@650 revealed the 

fastest degradation, in which RhB was degraded completely within 

10 min. In the case of CN-750, the degradation rate was half of that 

of the CN-750@650 sample. Moreover, only less than 50% of RhB 

was degraded after 10 min degradation using the CN-650 sample.  

The enhanced photocatalysis performance of CN-750@650 

homostructures could be ascribed to the contribution of the 

possible defects in the interface between crystalline and 

amorphous phases which increases the active sites as well as the 

formation of lateral-like crystalline/ amorphous homojunctions 

which result in the effective separation of photogenerated carriers. 

This lateral-like homo-structure revealed quick degradation of RhB, 

as compared with layer-like g-C3N4 homo-structure.[2c] Furthermore, 

crystalline g-C3N4 has a better photocatalytic performance 

compared with the amorphous one. This could be ascribed to the 

change of composition and structure that provides more active sites. 

To confirm this, crystalline and amorphous g-C3N4 were mixed to 

check the photocatalysis performance. It was found that the 

photocatalysis performance of the mixed sample is only slightly 

better than that of the CN-650 sample. This confirms that g-C3N4 
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crystalline/amorphous homojunctions (CN-750@650) shows an 

obvious improvement in photocatalysis performance. 

Fig. 2h show the H2 evolution reaction (HER) for water 

splitting as a function of irradiation time. The amount of H2 

increased linearly with irradiation time. The efficiency of CN-

750@650 is 46 times and 6 times high than that of the CN-650 

and CN-750 samples, respectively. The reason for the 

enhanced photocatalytic performance of CN-750@650 can be 

discussed as follows. Both crystalline and amorphous g-C3N4 

were formed through polymerization reaction.[9] The common 

characteristic of g-C3N4 photocatalyst is quick recombination of 

photogenerated electrons and holes, thus resulting in a low 

photocatalysis efficiency.[10a-b] Amorphous g-C3N4 was 

sequential edge-epitaxially grown on crystalline g-C3N4 to form 

the homostructures. Although the composition of two phases 

is similar, the change of crystallinity and N/C ratio (1.16 and 

0.90 for CN-650 and CN-750, respectively) leads to changes in 

band gap of the samples. Thus, it is obvious that the 

homojunctions promote the spatial separation of electrons 

and holes and reduce the recombination rate. Stability test 

indicates the hydrogen generation and RhB degradation 

efficiencies of the homojunction sample remained almost 

unchanged after 5 cycles. 

To improve electrochemistry property and to test charge 

transfer system, Pt was deposited on g-C3N4 using ultrasonic 

treatment and reduction by reflux. Fig. 3 shows the TEM, 

HRTEM, high-angle annular dark-field scanning TEM (HAADF-

STEM) images and corresponding element mapping of Pt-

deposited CN-750@650.  The image in Fig. 3a shows the 

curvature on the edges of graphitic sheets after Pt deposition. 

Well-developed lattice fringes were observed (Fig.3b), but they 

do not match with that of the crystalline g-C3N4 and Pt. This is 

ascribed to the overlap of different crystal phases. During 

sonication treatment of water, reducing species (e.g. H atoms) 

could be generated within and/or at the interface of cavitation 

bubbles,[10c-e] which would result in the reduction of Pt ions. N, 

C, and Pt were found to be homogeneously distributed in the 

whole specimen area (Fig. 3c to 3f). The size of deposited Pt 

nanoparticles (NPs) was estimated to be in the range of 1-2 

nm. However, the content of Pt is low. To increase the loading 

of Pt, reaction time was increased to 2h (Fig. S3 and S4, ESI†). 

The amount of Pt increased, but the distribution of Pt is still 

homogeneous, indicating the homogeneous Pt attachment on 

g-C3N4. The photocatalytic activity of Pt deposited samples was 

tested (Fig. S5, ESI†). Pt-deposited sample with short 

deposition time of 0.5 h revealed the best performance. After 

Pt modification, the performance of CN-650 and CN-750 were 

enhanced while that of the CN-750@650 sample decreased. 

This is ascribed to the fact that charge transfer in the 

homojunction was inhibited due to the electrons transfer to 

Pt. This further confirms the formation of the homostructures. 

The XPS analysis for Pt-modified CN-750 samples indicates the 

amount of Pt increased with time (Fig. S6, ESI ESI†). 

 
 

   

   

Fig. 3 (a) TEM, (b) HRTEM, (c) HAADF-STEM images and N (d), C (e), 

and Pt (f) mapping of Pt-deposited CN-750@650 with sonication for 

0.5 h.  

It is still a challenge to develop enhanced electrocatalytic 

HER using g-C3N4 with its unique electric, photo, and thermal 

effects.[11] Since g-C3N4 is commonly used as a photocatayst 

rather than an electrocatalyst, expanding in applications of g-

C3N4 with its metal free and high stability properties need to 

be further explored. The HER polarization curves of g-C3N4 

samples under visible light irradiation with a scan rate of 5 

mV/s are shown in Fig. S7 (ESI†). As expected, crystalline CN-

750 revealed the best performance even though the onset 

overpotential is not high. To obtain high efficient 

electrochemistry catalyst, Au was also deposited on CN-750. 

The electrocatalytic HER activities were investigated by linear 

sweep voltammetry (LSV) test. The HER polarization curves of 

CN-750 before and after Au or Pt modification are shown in 

Fig. 4a. It is clear that the Pt-modified samples have better HER  

 

 

Fig. 4. (a) HER polarization curves of CN-750 before and after Au, Pt 

modification with different sonication time. (b) Tafel plots of the 

samples derived from HER polarization curves in (a). (c) HER 

polarization curves of CN-750 modification with Au and Pt by reflux. (d) 

Tafel plots of the samples derived from HER polarization curves in (c). 
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activity than that of Au-modified ones due to the high intrinsic 

activity of Pt NPs, which reduces the hydrogen adsorption free 

energy. Pt deposited sample with reaction for 3h reveals the 

best performance. As the ultrasonic time increasing, the HER 

activity was improved, most likely due to the increased 

amount of small and uniform Pt NPs decorated on C3N4. The 

Tafel slopes were further used to characterize the reaction 

kinetic. The reaction pathway followed the Volmer-Heyrovsky 

mechanism, with the hydrogen adsorption reaction to be the 

rate-determining step. 
M + H+ + e- ⇆ M-Hads                   (1) 

M-Hads + H+ + e- ⇆ M + H2              (2) 

2M-Hads ⇆ 2M + H2                              (3) 

The HER activities of samples are assessed by Tafel slopes (Fig. 

4b) which were calculated from the polarization curves 

according to the Tafel equation.[12] 

  As shown in Fig. 4a, the H2 evolution performance of 3-

hour Pt deposited CN-750 sample was significantly increased 

compared with other samples. This is ascribed to the fact that 

the increased amount of small and uniform Pt NPs was 

decorated on g-C3N4. The reaction was determined by Volmer 

step (Eq.1), and the values of Tafel slopes decreased, revealing 

the accelerated reaction kinetic. This result is different from 

the photocatalysis test. In that case, the sample with Pt 

reacted for 0.5 h revealed the best photocatalytic activity. This 

phenomenon is related to the difference of reaction 

mechanism for photocatalysis and electrocatalysis. For 

comparison, Au and Pt NPs were deposited using NaHBO4 as 

reflux. The HER performance of Au-reflux and Pt-reflux 

samples is shown in Fig. 4c and 4d. The result indicates that 

the HER performance is not as good as that obtained on the Pt 

deposited sample with sonication for 3h. This is ascribed that the 

sizes of Au and Pt NPs are large and not homogeneous for 

samples obtained by reflux.  Therefore, sonication is a 

sufficient way to form fine microstructure with superior 

electrochemistry activity.  

In conclusion, a multistep CVD method has been developed 

to create g-C3N4 amorphous/crystalline homostructures.  

Amorphous and crystalline g-C3N4 were prepared at 650 and 

750 °C, respectively. Using crystalline g-C3N4 as seeds, the 

amorphous/crystalline homostructures were edge-epitaxy 

grown at 650 °C via controlling the procedure. The 

homostructures reveals high photocatalysis and H2 generation 

activity. In addition, Au and Pt NPs were deposited via a 

sonication method for the first time. After Au and Pt 

deposition, the performances are significantly enhanced. 

However, samples with different amount of Pt loading reveals 

different effect for the photocatalysis and elctrocatalysis 

performances. According to the unique microstructure and 

enhanced properties, these amorphous/crystalline 

homostructures and Pt modified materials would be of 

significant importance for electrocatalysis and photocatalysis 

applications.  
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