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Abstract: 

Carbon nitride (C-N) materials have been attracting great interest because of their 

extraordinary performance in photocatalysis and energy conversion. However, developing an 

effective strategy for achieving band-gap engineering of C-N materials to satisfy practical 

applications remains highly desired. Here we report an efficient way to tune the band gap and 

control the nitrogen stoichiometry in carbon nitride compounds by using high pressure and 

high temperature (HPHT) treatment. It is found that treating a g-C3N4 precursor at relatively 

low temperature (630
o
C and below) under pressure can efficiently narrow the band gap even 

down to the red light region (~600 nm), increase the crystallinity, and significantly improve 

the charge carrier separation efficiency (by two orders of magnitude), almost without 

changing their stoichiometry. When increasing the treatment temperature under pressure, 

nitrogen-doped graphene/graphite materials with weak ferromagnetism were obtained. We 

thus obtained C-N materials with tunable band gaps, ranging from semiconducting to metallic 

states. XPS measurements show that pyridinic nitrogen is preferentially eliminated under 

such HPHT conditions while graphitic nitrogen is preserved in the C-N network. Our results 

thus provide an efficient strategy for tuning the structure and physical properties of C-N 

materials for applications. 
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1. Introduction 

Carbon is a versatile element with a unique bonding ability, and can form many allotropes [1-

3]. Synthetic carbon-based materials exhibit diverse and useful properties and play important 

roles in many practical applications [4-6]. Like carbon, nitrogen can also form single, double 

and triple bonds [7,8], and form various compounds with other elements. It is therefore of 

interest to combine the two elements C and N to create new compounds which may have very 

interesting properties [9-13]. The binary phase diagram of C and N has been intensively 

studied by calculations [14-16]. The most studied carbon nitride allotrope, graphitic carbon 

nitride, g-C3N4, has a graphene -like layered structure which is based on tri-striazine units 

connected by planar amino groups [17]. g-C3N4 has recently attracted widespread attention 

owing to its excellent performance [18]. It shows excellent performance in various 

photocatalytic reactions [19-22], g-C3N4 also shows high efficiency for water reduction and 

oxidation,respectively, to produce hydrogen and oxygen [23-25], and for CO2 reduction to 

renewable hydrocarbon fuels [26], etc. However, g-C3N4 has a wide band gap of 2.7 eV [17] 

and can only absorb blue light up to 460 nm, as well as suffers from a high recombination 

rate of photoexcited charge carriers, resulting in low photocatalytic activity, which limits its 

usefulness in applications. Therefore, various strategies have been developed to overcome 

these problems, such as elemental doping [27], nanostructuring [28-30], heterostructuring 

with other semiconductors or conductors [31-33]. It is well known that tuning the band gap of 

g-C3N4 can remarkably affect the photoelectronic performance of g-C3N4 as a functional 

photocatalytic material. Up to now, doping by insertion of heteroatoms (such as B, C, O, F, P, 

S, Fe etc. [34-40]) in to the framework of g-C3N4 has been used to modify the band gap of 

carbon nitride materials. Unfortunately, dopants are usually inhomogeneously distributed or 

uncontrollable in the C-N lattice and in some cases the band gap even increases or closes. 

Thus, developing an effective strategy for band-gap engineering of carbon nitride materials to 

satisfy the requirements for practical applications remains a great challenge.  

 

As expected from the C-N binary diagram, tuning the nitrogen component may also result in 

the formation of other stable carbon nitride compounds with various stoichiometries, such as 

C3N [14] and C2N [16] predicted by theory. These are suggested to have twodimensional 

(2D) layered configurations and interesting properties. Ding et al. synthesized hole-free 2D 

crystalline sheets of C3N, via polymerization of 2, 3-diaminophenazine [41]. The C3N 

obtained exhibits an indirect band gap of 0.39 eV making it possible to fabricate quantum 

dots that can be tuned over the entire visible range by changing their diameters. In addition, 



back-gated field effect transistors made from single-layer C3N display an on-off current ratio 

reaching 5.5 x 10
10

 [41]. 

 

These studies suggest that nitrogen engineering in C-N materials is very promising for 

tailoring the structures and properties of the materials obtained. Therefore, the development 

of an effective strategy for controlling the nitrogen defects or other components and tuning 

the band gap of C-N materials for applications is highly desired. Recently, it has been shown 

that nitrogen vacancies can be created in C3N4 by heating the g-C3N4 precursor in a hydrogen 

atmosphere [42]. This narrows the band gap down to 2.03 eV, greatly increases the 

absorption of visible light and hinders the recombination of photoexcited electrons and holes. 

In addition, as a clean method that does not introduce any heteroatoms to the C-N system, 

high temperature treatment has also been shown to eliminate nitrogen easily from the lattice 

of g-C3N4, while leads to the formation of amorphous materials [43]. Furthermore, the 

recovery rate of the sample after high temperature treatment is usually low, especially when 

large amounts of nitrogen are removed from the CN framework. 

 

Here, we applied high pressure, in combination with high temperature treatment, to control 

the nitrogen concentration in CN compounds.We have found that, the combination of high 

pressure and high temperature can give different and unexpected effects on the C3N4 

compounds. The high pressure, high temperature (HPHT) method efficiently changes the 

nitrogen component in g-C3N4. Pyridinic nitrogen atoms are preferentially lost, (see sketch 

map shown in Fig. 1(B)), producing homogenous nitrogen defects in the lattice of polymeric 

g-C3N4 and relatively high-crystallized CN compounds with different stoichiometries. We 

thus obtained C-N materials with tunable band gaps, ranging from semiconducting to metallic 

states. 

 

2. Experimental 

2.1. Preparation of carbon nitride compounds at high pressure and high temperature 

All chemical reagents used in this work were of analytical grade and were used as-received 

without further purification. The g-C3N4 was synthesized by simply heating melamine in a 

tube furnace at 520
o
C, following a process described elsewhere [44,45]. The obtained yellow 

product g-C3N4 was ground into a powder in an agate mortar for the following experiments. 

The g-C3N4 powder was pressed into discs (4mm in diameter and 2.5mm in height), by 

means of a hydraulic press. The discs were put into a hexagonal BN capsule which was used 



as an insulator material to avoid any reaction between the starting material and the carbon 

heater placed in a pyrophyllite cube. The synthesis experiment was carried out with a SPD6 x 

600T cubic anvil apparatus (see sketch map shown in Fig. 1(A)). The g-C3N4 samples were 

treated at different HPHT conditions, 2 GPa/600
o
C, 5 GPa/600

o
C and 5 GPa/630

o
C for 20 

min and 5 GPa/750
o
C for 30, 45 or 60 min. The samples produced in this way were denoted 

CN-1, CN-2, CN-3, CN-4, CN-5 and CN-6, respectively. All samples were finally quenched 

to room temperature by switching off the power supply. The as-synthesized samples were 

ground into powder using an agate mortar for further experiments. 

 

2.2. Characterization 

The treated samples were characterized by X-ray diffraction (XRD, MicroMax-007HF, 

Rigaku, Japan) with Cu K radiation (wavelength 0.15418 nm) and field emission 

transmission electron microscope (TEM, JEM-2200FS JEOL, Japan). Raman spectra were 

recorded on a micro-Raman spectrometer (HR Evolution) at room temperature using a 532 

nm Ar
+
 laser as excitation source. The chemical states of the samples were analyzed by using 

X-ray photoelectron spectroscopy (ESCALAB 250) a focused Al K radiation (1486.6 eV). 

Fourier transform infrared (FTIR) spectra were recorded on a VERTEX 80v spectrometer 

(Bruker, Germany) with a resolution of 4 cm
-1

. For these measurements, the sample powder 

was mixed with KBr and compressed into solid pellets. Ultraviolet to visible (UV-vis) diffuse 

reflectance spectra (DRS) of the samples were measured using a UV-vis spectrophotometer 

(UV-3150) in the range from 200 to 1000 nm, using BaSO4 as the reflectance standard 

material. Photoluminescence emission spectra were recorded at room temperature with a 

fluorescence spectrophotometer (Edinburgh Instruments, FLSP-920). Elemental analysis was 

performed on a Vario EL cube (elementar). The magnetic properties were measured with 

Physical Property Measurement System (PPMS) (Quantum Design, USA). Electron 

paramagnetic resonance (EPR) spectra signals were recorded on a JES-FA200 spectrometer 

at room temperature (298 K). The composition was confirmed using an inductively coupled 

plasma optical emission spectrometry (ICP-OES, iCAP7600, Thermo Fisher Scientific). The 

photocurrent experiments were performed by three-electrode quartz cells in 0.5M Na2SO4 as 

the electrolyte solutions using 300W xenon lamps as the light source. 

 

 

 



3. Results and discussion 

Fig. 2 (A) and (B) show XRD patterns of the produced samples after HPHT treatments and 

for comparison of pristine g-C3N4. As shown in Fig. 2 (A) two diffraction peaks at ~13.0
o
 and 

~27.0
o
 are observed in the XRD pattern of pristine g-C3N4, which are attributed to the in-

plane packing and the stacking of the conjugated aromatic system, respectively, [46,47]. Note 

that pristine g-C3N4 usually contains a very small amount of impurity phase originating from 

incomplete decomposition of the melamine. The XRD patterns of CN-X (X = 1-3) are similar 

to that of g-C3N4, indicating that their structures are similar to that of bulk g-C3N4. Note, 

however, that clear changes in the two dominant diffracted peaks can be observed for the 

HPHT treated samples, i.e., the peak at 13.0
o
 that is attributed to the in-plane packing 

obviously splits, while the peak at ~27.0
o
 becomes sharper (the full width at half-maximum 

(FWHM) of CN-5 is 1.12
o
, which is much narrower than that of 2.94

o
 for pristine g-C3N4) 

and their intensity increases significantly. This indicates that in-plane packing perhaps 

became more defective while the inter-planar stacking order of the conjugated aromatic 

system improved and the crystallinity increased. Similar changes in this diffracted peak have 

also been explained by the crystallinity increase in g-C3N4 materials [48,49]. The diffraction 

peak position shifts up from the initial 27.2
o
 of pristine g-C3N4 to 27.45

o
 in CN-3, 

corresponding to a reduction of the inter-layer distance d from 3.27 Å to 3.24 Å. 

 

Remarkably, the XRD patterns of samples CN-X (X = 4-6) change significantly. In detail, for 

CN-X (X = 4-5) samples, Fig. 2 (B), the diffraction peak at ~27.0
o
 becomes sharper, and the 

FWHM are only 0.98
o
 and 1.12

o
 for CN-4 and CN-5 samples, respectively. The 

corresponding intensity of this peak for both samples is also obviously enhanced compared 

with the pristine. This confirms that the inter-planar stacking order improves significantly. To 

explore their structures, elemental analysis has been performed on all samples and the results 

are shown in Table 1. As expected, samples CN-X (X = 1-3) show similar stoichiometries 

similar to that of the pristine sample, while samples CN-X (X = 4-6) have changed 

significantly. The results reveal the loss of nitrogen from the C3N4 precursors after treatment 

at these HPHT conditions (5 GPa, 750
o
C) and with increasing dwell time the amount of 

nitrogen loss from the precursor increases. Note that because of the loss of a large amount of 

nitrogen from the CN framework, the intra-layered diffraction becomes lower, as evidenced 

by the decrease of other diffracted peaks in the XRD patterns (Fig. 2 (B)). The C/N atomic 

ratio is calculated to be 3:1 in sample CN-5, indicating that a nominally C3N material was 

synthesized. When comparing our results with the orthorhombic structure theoretically 



predicted for C3N by Sandré et al. [50], we found that our XRD pattern fits this structure 

rather well (Fig. S1 and detailed analysis in the Supporting data). This suggests that C3N may 

have been synthesized in our HPHT experiments. In addition, sample CN-6 shows a very low 

nitrogen concentration, similar to that in nitrogen-doped graphene or graphite material. 

Selected area electron diffraction patterns of pristine g-C3N4 and CN-X (X = 2,5) are shown 

in Fig. S2. We can see that the pristine g-C3N4 exhibited a weak and diffuse ring, and the 

corresponding d-spacing is ~0.327 nm, which can be indexed as 002 plane of g-C3N4. The 

SAED patterns of CN-X (X = 2,5) samples both exhibited one relatively bright diffraction 

rings with the d-spacings at 0.325 and 0.324 nm, respectively, which are consistent with the 

corresponding diffracted peaks of the samples in the XRD patterns. These results further 

verify the relatively increased crystallinity of the sample after HPHT treatments [51]. 

 

Raman and IR measurements on the synthesized carbon nitride materials further show that 

the nitrogen concentrations can be modified in the products after HPHT treatment. The 

Raman spectrum (Fig. 3) of the pristine sample exhibits several typical peaks that are 

characteristic for g-C3N4. No obvious change except for the peak weakening can be observed 

in the spectra for samples CN-X (X = 1-3), indicating that the basic framework of g-C3N4 is 

preserved in these samples. In contrast, samples CN-X (X = 4-6) exhibit quite different 

spectral features and two Raman bands (D- and G-modes) typical for carbon materials are 

clearly observed in the spectrum of sample CN-6, suggesting that samples CN-X (X = 4-6) 

have transformed into nitrogen-doped carbon or carbon-dominated materials [52,53]. 

 

As shown in Fig. 4, FTIR spectra of the synthesized samples also show obvious changes after 

HPHT treatment. The peaks at 1242 and 1327 cm
-1

 correspond to C-N stretching vibrations, 

and the bands at 1411, 1568, and 1635 cm
-1

 are interpreted as stretching vibrational modes of 

heptazine derived repeating units [54,55] The peak at 807 cm
-1

 is related to triazine units, and 

the broad peaks around 3000 cm
-1

 are from -NHx stretching vibrational modes [56]. It is 

clearly seen that the main characteristic peaks of g-C3N4 appear in the pristine material and 

samples CN-X (X = 1-3), while they obviously weaken in samples CN-X (X = 4-6). For 

example, the peak at 807 cm
-1

 continuously decreases along with the decrease in nitrogen 

content (increasing of temperature, pressure and dwell time) [42]. In particular, this peak is 

very weak in sample CN-6. Some peaks below 2000 cm
-1

 shift toward low frequency, also 

suggesting a decrease of nitrogen content [57]. This is consistent with the results from XRD 

and elemental analysis. 



Surprisingly, the band gaps change remarkably in the products after HPHT treatment, as 

evidenced by our UV-vis absorption measurements. As shown in Fig. 5, compared to the 

spectrum of pristine g-C3N4, the cut-off edges shift to longer wavelengths as nitrogen is lost 

from the products obtained at higher temperature and pressure. After treatment at the same 

temperature, the cut-off edges are red-shifted more after treatment at higher pressure. The 

band gap of the products can be calculated by the equation [58]: 

(h
1/2

 = А (h - Eg)      (1) 

where , h, , and Eg are the optical absorption coefficient, Planck's constant, the photon 

frequency and the band gap, respectively, and A is a proportionality constant (Fig. S3). Table 

2 shows data for (h
1/2

 as a function of photon-energy, indicating that the band gaps 

decrease from 2.88 eV for the pristine g-C3N4 to 1.80 eV for sample CN-5. In particular, 

sample CN-6 does not show light absorption, suggesting that it has been converted into a 

metallic phase. This is also consistent with the color changes of the products which deepen 

from light yellow to shining black for CN-6 (see Table 1). To further investigate the band-gap 

of modified g-C3N4, the valence band (VB) and conduction band (CB) potentials of all 

the samples were calculated on the basis of the following empirical equations [59]: 

ECB =  - Ee – (1/2)Eg      (2) 

EVB = ECB + Eg      (3) 

Here, EVB and ECB are the valence and conduction band edge potentials, respectively.  is the 

electronegativity of the semiconductor (the  value for g-C3N4 is approx. 4.73 eV), Ee is the 

energy of free electrons on the hydrogen scale at about 4.5 eV, Eg is the band gap energy of 

the semiconductor. The parameters for g-C3N4 and CN-X (X = 1-6) calculated from these 

equations are shown in Table 2. It can be seen that the remarkable decrease in the band gap of 

the HPHT treated samples compared to that of pristine g-C3N4 is due to an up-shift of the VB 

and a down-shift of the CB. Similar changes have also been observed in hydrogen 

functionalized g-C3N4 in previous work [42]. 

 

The unpaired electrons of the produced samples after HPHT treatments were analyzed by 

EPR at ambient conditions. As shown in Fig. 6, the EPR spectra of the pristine g-C3N4 and 

CN-X (X = 1,3,5) samples, all exhibited one single Lorentzian line with a g-value of 2.003, 

which was assigned to the unpaired electron that was localized at the carbon atom of the p-

bonded aromatic rings [58]. The Lorentzian line of CN-X (X = 1,3,5) were enhanced 

gradually compared with the pristine g-C3N4, because of the formation of nitrogen defects, 



which increases the number of unpaired electrons. Meanwhile, the EPR intensity increases 

obviously and reaches the highest for CN-5, suggesting that more nitrogen defects were 

created in CN-5 than that for g-C3N4. This is consistent with other measurements. 

 

The photoluminescence (PL) spectra of the samples can also be effectively tuned by HPHT 

treatment, which reflects the processes of charge migration, transfer and separation in the 

carbon nitride materials. As shown in Fig. 7, a strong photoluminescence emission peak for 

g-C3N4, assigned to radiative recombination of charge carriers was observed [60]. In contrast, 

after HPHT treatment, the PL intensities of samples CN-X (X = 1-3) significantly decrease as 

compared to that of the pristine sample, indicating a lower rate of electron-hole 

recombination. It is noted that for the same treatment temperature, a higher treatment 

pressure results in a lower rate. This was also evidenced by the transient photocurrent 

response. As shown in Fig. S4, it is clearly seen that the photocurrents of CN-X (X = 1,3,5) 

are much higher than that of pristine g-C3N4, indicating that CN-X (X = 1,3,5) samples have 

better interfacial charge transfer and superior efficiency in separating photogenerated carriers. 

This can be understood by the fact that the crystallinity of the products is improved and the 

interlayer spacings of the CN samples are decreased after HPHT treatment. This can speed up 

electron-hole migration to the surface of samples, thus greatly enhancing the charge 

separation efficiency for the photoinduced electrons and holes [61]. In addition, the 

luminescence is blue shifted in samples CN-X (X = 1-3), the opposite of the redshift usually 

observed in ambient pressure studies. Note that samples CN-X (X = 4-6) all show very weak 

photoluminescence (Fig. S5). 

 

To investigate the chemical states and possible positions of the nitrogen and carbon atoms in 

the compounds synthesized at different HPHT conditions. We used X-ray photoelectron 

spectroscopy (XPS). Results for all samples are shown in Fig. 8, from which we see that the 

N 1s spectrum for pristine g-C3N4 can be deconvoluted into two peaks, one at 398.3 eV 

assigned to twocoordinated (N2C) nitrogen atoms in sp
2
-hybridized nitrogen (N2C) and the 

other centred at 400 eV and originating from threecoordinated (N3C) nitrogen atoms [58]. The 

C 1s spectrum can be deconvoluted into three peaks, two at ~284 and 286 eV, respectively, 

corresponding to graphite-like sp
2
 C and to C-N, the third located at 288 eV which indicates 

the formation of sp
2
C-bonded carbon in N-C=N groups (C3C) [57,58,62]. There are no 

obvious changes in the N1s and C1s spectra for samples CN-X (X = 1-2) after treatment. For 

samples CN-X (X = 3-6), the N1s peak from N2C weakens significantly and the peak area 



ratio of N2C to N3C decreases from 1.99 in pristine g-C3N4 to 0.20 in sample CN-6 (see Table 

3), indicating that the loss of N atoms occurs at the N2C lattice sites [42,43,57]. The loss of 

N2C atoms should change the bonding of the neighboring C atoms, that is, the fraction of N-

C=N bonds decreases, as evidenced by the gradual decrease of the area of the broad peak at 

288 eV. However, unlike the creation of N vacancies in g-C3N4 by high temperature at 

ambient pressure [57], which leads to the formation of two-coordinated C atoms, in our 

experiments there was no visible evidence for the production of such C2C carbon in the HPHT 

products despite the loss of N2C atoms. This indicates that once the N2C atoms go away, the 

dangling C bonds may reconstruct with other neighboring C atoms, due to the decreasing 

interatomic distances in the compounds under compression. This explanation can be used to 

understand the formation of a graphite-like C4.5N phase in our experiment as well as the 

graphitization of C3N4 at high pressure and temperature reported in previous literature [63]. 

 

The remarkable decrease in the band gap of CN-X (X = 1-3) compared with that of pristine g-

C3N4 should together with other features discussed above, be related to the enhanced 

interlayer interactions (due to the decrease in interlayer d-spacings) and to the increasing 

number of nitrogen defects evidenced by XPS. Theoretical simulations show that the 

compression of g-C3N4 should strengthen the hybridization ability of the C and N atoms in 

the material which can result in a narrowing of the band gap [64]. On the other hand, 

theoretical simulations suggest that, when nitrogen defects are introduced into the lattice of 

polymeric g-C3N4, the band gap of the compound decrease, due to the fact that the nitrogen 

defects results in pushing the effective valence band energy to more negative values and the 

p-p* transition peak shifts towards higher energy [65]. These factors should be responsible 

for the decrease in the band gaps of samples CN-X (X = 1-3). The latter factor also explains 

the blue shift of the luminescence peaks. Moreover, compared to other studies on the 

synthesis of nitrogen defect rich C-N materials, for example, by high temperature at 

atmospheric pressure [57], the C-N materials obtained by HPHT treatments exhibit obvious 

advantages, such as the significant narrowing of the band gap by 0.5 eV, the remarkable 

increase of visible absorption (Table 2), a decrease by two orders of magnitude in the 

radiative recombination of photo-excited electrons and holes (Fig. 7), as well as relatively 

high crystallinity. 

 

Finally, we found that samples CN-X (X = 5,6) exhibit a dominant diamagnetism 

accompanied by weak ferromagnetism, while the other samples only show diamagnetism. 



Fig. 9(A) and (B) show the magnetization versus magnetic field (M-H) curves for sample 

CN-5 (results for sample CN-6 are presented in Fig. S6) measured at 5 K, 15 K, 35 K and 110 

K and together with plots of the excess moment M as a function of H after subtraction of the 

diamagnetic background. The weak ferromagnetism is probably due to the higher proportion 

of carbon in the samples CN (X = 5, 6) [66], that make them weakly ferromagnetic. In 

addition, ICP results also ruled out the possibility of the existence of metal impurities in the 

materials (Table S1), further demonstrating that the weak ferromagnetism of CN-X (X = 5,6) 

samples is the intrinsic nature. It is known that perfect g-C3N4 is nonmagnetic [67]. However, 

when vacancies or holes are induced by doping C atoms into g-C3N4 to replace some of the N 

atoms, the compounds formed may be ferromagnetic, as predicted from first-principle 

calculations by Du et al. [66]. That means that an increasing carbon concentration in CN 

materials can result in ferromagnetism of the materials. This agrees the fact that our samples 

CN (X = 5, 6) have lost large amounts of nitrogen. 

 

4. Conclusion 

We have shown that the nitrogen concentration in C3N4 compounds can be efficiently 

controlled and that the band gaps of the carbon nitride products created become tunable, 

ranging from semiconducting to metallic states, by using high pressure and high temperature 

(HPHT) treatment. When treating the C3N4 precursor under pressure at relatively low 

temperature (630
o
C and below), the carbon nitrides produced almost preserve the starting 

stoichiometry, while their crystallinity increases, their charge carrier separation efficiency is 

improved by two orders of magnitude, and their band gaps can be narrowed to the red light 

region (~1.80 eV). Interestingly, at higher temperature (750
o
C) and high pressure, nitrogen-

doped graphene/graphite materials with weak ferromagnetism were obtained. Under such 

HPHT conditions the pyridinic nitrogen atoms are preferentially eliminated, while graphitic 

nitrogen is retained in the C-N framework. Our results thus provide an efficient strategy for 

tuning the structure and physical properties of C-N materials for their applications. 
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Appendix A. Supplementary data 

See supplementary data for the analysis on X-ray diffraction data, electron diffraction, band 

gap, transient photocurrent response, photoluminescence spectra, MeH curves and ICP results 

of CN samples. Supplementary data related to this article can be found at …… 
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Figure captions: 

 

Fig. 1. Schematic illustration of our HPHT reactive equipment (A) and the structures 

obtained by treating g-C3N4 at different temperatures under pressure (B). Yellow represents 

carbon atoms and blue represents nitrogen atoms. When treating g-C3N4 at relatively low 

temperature and high pressure conditions, pyridinic nitrogen is preferentially lost while 

graphitic nitrogen goes away at higher temperatures and pressures, leading to a reconstruction 

of dangling carbon bonds and formation nitrogen-doped graphene/graphite. (A colour version 

of this figure can be viewed online.) 

 

Fig. 2. XRD patterns of pristine g-C3N4 and the HPHT treated samples CN-X (X = 1-6). (A 

colour version of this figure can be viewed online.) 

 

Fig. 3. Raman spectra of pristine g-C3N4 and the HPHT treated samples CN-X (X = 1-6). (A 

colour version of this figure can be viewed online.) 

 

Fig. 4. FTIR spectra of pristine g-C3N4 and the HPHT treated samples CN-X (X = 1-6). (A 

colour version of this figure can be viewed online.) 

 

Fig. 5. UV-visible absorption spectra of pristine g-C3N4 and the HPHT treated samples CN-X 

(X = 1-6). (A colour version of this figure can be viewed online.) 

 

Fig. 6. EPR spectra of g-C3N4 and HPHT treated samples CN-X (X = 1,3,5) in the dark under 

atmospheric conditions. (A colour version of this figure can be viewed online.) 

 

Fig. 7. Room temperature photoluminescence spectra of pristine g-C3N4 and the HPHT 

treated samples CN-X (X = 1-3), recorded using 365 nm excitation. Inset image shows the 

enlarged photoluminescence spectra of CN-X (X = 1-3). (A colour version of this figure can 

be viewed online.) 

 

Fig. 8. Deconvolved high-resolution N1s and C1s XPS spectra of pristine g-C3N4 and the 

HPHT treated samples CN-X (X = 1-6). (A colour version of this figure can be viewed 

online.) 

 



Fig. 9. (A) M-H curves for sample CN-5 measured at the temperatures shown. (B) The same 

results after deducting the diamagnetic signals. (A colour version of this figure can be viewed 

online.) 

 

 

 

 

 

 

 

 

Tables: 

 

Table 1: Elemental composition and optical images of pristine g-C3N4 and of samples CN-X 

(X = 1-6) after HPHT treatment. 

 

 

 



Table 2: Estimated band gap (Eg), VB, and CB of pristine g-C3N4 and the HPHT treated 

samples CN-X (X = 1-6). 

 

Samples  g-C3N4  CN-1  CN-2  CN-3  CN-4  CN-5 

 

Absorption  

edge (nm)  439  538  591  596  808  825 

 

Eg (eV)  2.88  2.66  2.49  2.42  1.85  1.80 

 

VB (eV)  1.69  1.56  1.48  1.44  1.16  1.13 

 

CB (eV)  -1.23  -1.1  -1.01  -0.98  -0.69  -0.67 

 

 

 

 

 

 

 

Table 3: Peak area-ratio of N2C to N3C of pristine g-C3N4 and the HPHT treated samples CN-

X (X = 1-6). 

 

Samples  g-C3N4  CN-1  CN-2  CN-3  CN-4  CN-5  CN-6 

 

Peak area- 

ratio of N2C  

to N3C  1.99  1.82  1.63  1.48  0.70  0.61  0.20 
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