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[71_TD$DIFF]A B S T R A C T

Rational modification by functional groups was regarded as one of efficient methods to improve the
photocatalytic performance of graphitic carbon nitride (g-C3N4). Herein, g-C3N4with yellow (Y-GCN) and
brown (C-GCN) were prepared by using the fresh urea and the urea kept for five years, respectively, for
thefirst time. Experimental results show that theH2 production rate of the C-GCN is 39.06mmol/h, which
is about 5 times of the Y-GCN. Meantime, in terms of apparent quantum efficiency (AQE) at 420 nm,
C-GCN has a value of 6.3% and nearly 7.3 times higher than that of Y-GCN (0.86%). The results of XRD, IR,
DRS, andNMR show, different fromY-GCN, a newkind of functional groupof��N¼CH��wasfirstly in-situ
introduced into the C-GCN, resulting in good visible light absorption, and then markedly improving the
photocatalytic performance. DFT calculation also confirms the effect of the ��N¼CH�� group band
structure of g-C3N4. Furthermore, XPS results demonstrate that the existence of ��N¼CH�� groups in
C-GCN results in tight interaction between C-GCN and Pt nanoparticles, and then improves the charge
separation and photocatalytic performance. The present work demonstrates a good example of “defect
engineering” tomodify the intrinsicmolecular structure of g-C3N4 and provides a newavenue to enhance
the photocatalytic activity of g-C3N4 via facile and environmental-friendly method.
© 2019 Chinese Chemical Society and Institute of MateriaMedica, Chinese Academy ofMedical Sciences.

Published by Elsevier B.V. All rights reserved.
Photocatalytic hydrogen evolution from water is one of
the most promising green technology for direct conversion of
solar energy to chemical energy and energy storage. In the past
few decades, it has attracted immense efforts for developing
various photocatalysts to produce H2 through solar water
splitting [1–4]. Recently, graphitic carbon nitride (g-C3N4), a
metal-free photocatalyst, has received extensive attention due
to its good photocatalytic hydrogen and oxygen production of
water splitting [5–7], water oxidation [8,9], photocatalytic
degradation of organic pollutants [10–12], organic reaction
catalyst [13,14], catalyst carrier and energy storage material
[15–17].

Currently, tremendous efforts have been focused on reporting
synthesis of g-C3N4 by thermal treatment of different nitrogen-rich
precursors under different reaction conditions [18–20]. For
example, Martin research group reported that g-C3N4 can be
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prepared by using different precursors such as urea, melamine or
dicyandiamide under same high-temperature calcination and
ambient atmosphere conditions [21–26]. Subsequent reports on
large amounts of urea-derived g-C3N4 outperformed the thiourea-
and dicyandiamide-derived counterparts in the photocatalytic
hydrogen evolution fromwater splitting [27,28]. Large numbers of
refreshing literatures have reported on the effect of calcination
temperature and precursor treatment on the synthesis, structure
and properties of the g-C3N4 [29,30]. These reports indicated that
different precursor and its reaction conditions of high-temperature
calcination, ambient atmosphere and special precursor treatment
methods can affect the physicochemical properties of g-C3N4, such
as specific surface area, light absorption edge and nanostructures
[31–33]. However, these literatures did not involve the influence of
the preservation time and morphology of the same precursor on
the thermal polymerization method, structure and photocatalytic
property of g-C3N4.

In addition, manymodification strategies have been reported to
improve the photocatalytic performance of g-C3N4, including
alkali-assisted synthesis, phosphorous-mediated synthesis and
Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.
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Fig.1. (a) Hydrogen evolution rate to Y-GCN and C-GCNwithout Pt in 80mL of aqueous solution under visible-light irradiation. (b) Pt-loaded Y-GCN and C-GCNphotocatalysts
in aqueous solution under visible-light irradiation. (c) Time course of hydrogen evolution over 20 h for C-GCNand Y-GCN.
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Fig. 2. (a) DRS and (b) plots of (ahn)2 vs. hn over the Y-GCN and C-GCN (Inset in (a) shows a digital photograph of Y-GCN and C-GCN). (c) Transient photocurrent response
of Y-GCN and C-GCN under visible-light illumination. (d) Photoluminescence spectra of Y-GCN and C-GCN at an excitation wavelength of 375 nm.
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acid pretreatment of the precursors [34–36]. These strategies can
generate functional groups (such as ��OH, ��COOH, ��CRN and
�CONH2) via defects formation to increase active sites, enhance
light absorptionandchange theelectronicband structureof g-C3N4.
Forexample,��CRNcanbe formed in the g-C3N4byalkali-assisted
synthesis to improvethephotocatalyticperformanceofg-C3N4 [37].
In addition, �CONH2 can be formed in the g-C3N4 by acid
pretreatment to improve the photocatalytic performance of
g-C3N4 [38]. However, these strategies are not environmental-
friendly, complex and expensive because they need supply additives
or special auxiliary conditions during the synthetic process and result
inenvironmentalpollution, suchasusageofstrongacidandformation
of H2S. Therefore, it is urgent to develop a facile and environmental-
friendlyapproach for in-situ formation functional groups ordefects in
the g-C3N4 via direct calcination of N-rich precursors, thereby
improve the photocatalytic performance of g-C3N4.

Herein, we tried to synthesize g-C3N4 with functional groups by
calcination of the same precursorwith different kept-time. When
the fresh urea and the urea kept for five years were used as
precursors, it can obtain g-C3N4 with different color and photo-
catalytic activity. The g-C3N4 obtained from the fresh urea and the
urea kept for five years are yellow and brown, respectively, and
they are hereafter named as Y-GCN and C-GCN, respectively.
Noteworthily, C-GCN exhibits more than 5 times higher photo-
catalytic H2 generation rate than that of Y-GCN. We systematically
investigated the structures, morphologies, and the hydrogen
evolution properties of Y-GCN and C-GCN. Experimental results
show that a new kind of functional group of ��N¼CH��was firstly
introduced into the C-GCN, resulting in enhancement of visible
light absorption and variation of band structure and improvement
of charge carrier separation. The present work not only provides a
new idea to prepare g-C3N4 with special defects but also
demonstrates the introduction of ��N¼CH�� groups into g-C3N4 [72_TD$DIFF]

is an effective approach of “defect engineering” to improve the
photocatalytic performance of g-C3N4 for the first time.
The photocatalytic hydrogen evolution of C-GCN and Y-GCN
were evaluated under irradiation of visible light using triethanol-
amine as holes scavenger. As shown in Fig. 1a, in the absence of
Pt co catalysts, the H2 evolution rate of C-GCN is 26.5 [73_TD$DIFF]mmol g�1 h-1,
which is about 10 times of Y-GCN (2.8mmol g�1 h-1). After loaded
with Pt cocatalysts via in situ photo reduction of H2PtCl6, the H2

evolution rates of C-GCN and Y-GCN are both greatly improved due
to platinum’s high conductivity, negligible over potential for H2

evolution and excellent electron transport kinetic. As shown in
Fig. 1b, the hydrogen evolution rate of C-GCN and Y-GCN is 1953
and 361.5mmol g�1 h-1, respectively, when Pt was loaded on the
surface of catalysts. The H2 evolution rates of C-GCN and Y-GCN
nearly become nearly unchanged over 20 h photoreaction,
indicating that they show good photo stability (Fig. 1c). In terms
of apparent quantum efficiency (AQE) at 420 nm, C-GCN has a
value of 6.3% and nearly 7.3 times higher than that of Y-GCN at
0.86%.

To explore the marked difference of the photocatalytic
performance between C-GCN and Y-GCN, some tests were used.
As shown in Fig. 2a, the C-GCN powder is gray, while Y-GCN is faint
yellow. Compared with Y-GCN, C-GCN has much stronger
absorption intensity in the visible light region and the absorption
edge obviously red-shifts. As shown in Fig. 2b, the calculated
bandgaps of Y-GCN and C-GCN are 2.78 eV and 2.66 eV, respec-
tively. As shown in Fig. 2c, C-GCN exhibits much better
photocurrent than Y-GCN. C-GCN shows lower intensity of PL
spectra than Y-GCN (Fig. 2d). The above results indicate that C-GCN
hasmuch better light absorption andmore efficient separation rate
of photo generated electrons and holes than Y-GCN.

The crystal and molecular structure of Y-GCN and C-GCN were
systematically researched in order to make clear their different
photocatalytic performance. Fig. 3 shows the results of 13C and 15N
MAS NMR of Y-GCN and C-GCN. The 13C spectra of two samples
show two resonance peaks at d1 165 ppm and d2 156.7 ppm
(Fig. 3a). The peak at 165.4 ppm is ascribed to the C(2) atoms in
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Fig. 3. (a) 13C and (b) 15N solid state NMR spectra of Y-GCN and C-GCN. (c) The
molecular structure of Y-GCN and (d) C-GCN. (e) Network structure of C-GCN.
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CN2, while the peak at 156.7 ppm is assigned to C(1) atoms in CN3

groups [39,40]. The results arewell consistent with those reported
by Wang et al, confirming the C-GCN possesses the g-C3N4

framework. In addition, a new signal at 163.4 ppm (C3) appears in
the C-GCN, which can be ascribed to the imine signal, indicating
that the peripheral ��N¼CH�� groups exist in C-GCN [41]. Four
peaks in the 15N spectra of Y-GCN and C-GCN can be assigned
(Fig. 3b). The broad signal at the [74_TD$DIFF]–199.9 ppm corresponds to the
peripheral nitrogens (N1) in the heptazine ring; the weak peak
at [75_TD$DIFF]–235.1 ppm is assigned to the center nitrogen (N2) of heptazine;
the strongest peak at [76_TD$DIFF]–254.2 ppm is attributed to the secondary
amine (N3: -NH group); and the 15N signal at [77_TD$DIFF]–274 ppm is ascribed
to amine (N4: -NH2 group) [42,43]. The above four peaks coincide
with those of g-C3N4, indicating the g-C3N4 structure exists in
C-GCN and Y-GCN. In addition, a new signal at [78_TD$DIFF]–285.4 ppm (N5)
among the C-GCN coincides with the urea NH2 signal,
demonstrating a new peripheral amine groups were formed in
C-GCN [38]. Compared to the structure of Y-GCN (Fig. 3c), the NMR
results confirm the existence of peripheral ��N¼CH��NH2 groups
in C-GCN (Fig. 3d).

In addition, carbon and nitrogen contents of Y-GCN and C-GCN
samples were determined by elemental analyses. As shown in
Table 1, the C/N atomic ratio of Y-GCN and C-GCN is 0.668
and 0.695, respectively, lower than the theoretical value of 0.75 for
Table 1
The physicochemical properties of Y-GCN and C-GCN.

Samples C/N molar ratio BET (m2/g) Pore size (nm)

XPS OEA

Y-GCN 0.73 0.668 35.99 12.82
C-GCN 0.86 0.695 79.22 17.40
g-C3N4, which could be due to the existence of many amino groups
(C-NHx) [27]. The larger C/N atomic ratio of C-GCN than that of
Y-GCN also indicates the existence of peripheral ��N¼CH�� group
in the C-GCN. Furthermore, as shown in Table 1, the organic
elemental analysis (OEA) shows the C/N atomic ratio of 0.695
for C-GCN is consistentwith the calculated C/N atomic ratio (0.7) of
the polymeric structure for the ��N¼CH��NH2 group modified
g-C3N4 (Fig. 3e). The result is consistent with the above analysis of
NMR results.

As shown in Fig. 4a, the XRD patterns of C-GCN are similar to
that of Y-GCN. Two obvious featured peaks are found in Y-GCN and
C-GCN. The weak peak at 12.9�, indexed as the [79_TD$DIFF](100) of g-C3N4,
confirms that the tri-s-triazine-based structure is retained in
C-GCN [19]. The strong peak at 27.8� is indexed as [80_TD$DIFF](002) of g-C3N4,
which is ascribed to the interlayer stacking of conjugated aromatic
rings [44]. Noteworthily, the [80_TD$DIFF](002) peak shifts from 27.8� of
Y-GCN to 27.4� of C-GCN, suggesting that the crystal structure of
the C-GCN tends to become less stable than Y-GCN [45].
Furthermore, there are two other weak peaks at 17.6 and 21.4 in
the C-GCN, corresponding to [81_TD$DIFF](011) and (110) of g-C3N4 [46]. The
results confirm that both Y-GCN and C-GCN show the structure of
g-C3N4.

As shown in Fig. 4b, FT-IR spectrumof C-GCN is similar to that of
Y-GCN. Among them, there are five characteristic peaks at 810,
1240, 1320, 1411, 1459, and 1638 cm�1, which are attributed to the
skeletal vibrations of tri-s-triazine ring units of g-C3N4 [47,48]. The
peaks at 3170 cm�1 and 3277 cm�1 are ascribed to the stretching
vibration of [82_TD$DIFF]–NH2 and �OH, respectively [49,50]. And the peak at
1565 cm�1 is assigned to the stretching vibration of N¼C group
[51,52]. Compared with the Y-GCN, the peak’s intensity of N¼C
group markedly increase among the C-GCN. The above results
indicate that the units of tri-s-triazine ring exist in the C-GCN and
Y-GCN, and there could exist peripheral ��N¼C�� group in the
C-GCN.

The wide-scan XPS spectra of Y-GCN and C-GCN confirm the
existence of C, N, and O elements in Y-GCN and C-GCN (Fig. S1 in
Supporting information). As shown in Fig. 4c, there are three peaks
at 288.26, 285.96 and 284.72 eV among Y-GCN and C-GCN,
corresponding to N��C¼N in the framework of g-C3N4, C-NHx

(x = 1 and 2) on the edges of heptazine units and adventitious
hydrocarbons (C��C/C¼C), respectively [53]. Noteworthily, com-
pared with Y-GCN, C-NHx signal exhibits a small shift to higher
binding energy in C-GCN, which can be taken as good evidence for
the formation of new defect group in C-GCN [54]. Furthermore,
there is additional peak at 284.78 eV among the C1s spectra of
C-GCN that is attributed to [83_TD$DIFF]–C–H species, implying a new group
of [83_TD$DIFF]–C–H in C-GCN [55]. As shown in Fig. 4d, the N1 s spectra
of Y-GCN and C-GCN can be deconvoluted into three peaks
at 398.74, 399.76 and 401.2 eV, which can be ascribed to bi-
coordinated (N2C) and tri-coordinated (N3C) nitrogen atoms and
C-NHx (x = 1 and 2) groups in the heptazine framework,
respectively [56,57]. Compared with Y-GCN, the peaks of N2C

among C-GCN slightly shift to higher binding energy, which could
be due to the generation of terminal��CH¼N�� groupswhose N 1s
binding energy are intermediate between those of N2C and N3C in
C-GCN (Table S1 in Supporting information) [58]. These results are
consistent with those reported in the literature. Furthermore, the
elementary analysis based on XPS data shows that the C/N ratio
increases from 0.73 in Y-GCN to 0.86 in the C-GCN (Table 1),
confirming the existence of terminal group of��CH¼N�� in C-GCN.
Therefore, based on the NMR, FTIR and XPS results, it can be
concluded that the peripheral ��N¼CH��NH2 groups appear in
C-GCN but not in Y-GCN.

The morphologies of Y-GCN and C-GCN were investigated
(Fig. 5). The Y-GCN and C-GCN consist of large amounts of packing
layers with different sizes of nanosheets (Figs. 5a and b). As shown
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Fig. 4. XRD patterns (a) and FT-IR spectra (b) of Y-GCN and C-GCN. High-resolution XPS of spectra of C 1s (c) and N 1s (d) of Y-GCN and C-GCN.
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in Figs. 5c and d, C-GCN shows more highly open-up flat and more
ultrathin layered structure than Y-GCN, resulting that the surface
area and pore volume of C-GCN are larger than that of the Y-GCN.
As shown in Fig. S2 (Supporting information) and Table 1, the
surface areas of the Y-GCN and C-GCN are 35.99m2/g and
79.22m2/g, respectively.

Thus, the results of SEM, TEM, BET, IR, XPS and NMR indicate
that the calcination of urea with different kept-time can prepare
g-C3N4 with different morphology, surface areas, polymerization’s
types, and molecular structure, which further lead to different
photocatalytic performance of H2 evolution. It should be noted that
this is first report on polymeric carbon nitride frameworks highly
relying on its precursors with different kept-time.

To explain why the reactant of urea with different kept-time
lead to different structures, morphologies and photocatalytic
performances of g-C3N4, we further investigated the precursor’s
nature. As shown in Fig. S3a and Table S2 (Supporting information),
the results of XRD and elemental analyses show that there are no
obvious difference of crystal and structure between urea-1 (the
fresh urea) and urea-2 (urea kept for five years). Fig. S3b
(Supporting information) shows that some differences appeared
in thermal weight analysis of the two kind of precursor. There is
obvious particular process among the calcination process of the
urea-2 at T = 230–243 �C (process (1)) that is not exist in the
calcination process of urea-1, which is ascribed to the interaction
among biuret and cyanuric acid, indicating the synthetic process
route of C-GCN using the urea-2 is different from that of Y-GCN
using the urea-1 among thermal treatment process. The results
[(Fig._5)TD$FIG]

Fig. 5. SEMimagesof (a)Y-GCNand(b)C-GCN. [60_TD$DIFF]TEMimagesof (c)Y-GCNand (d)C-GCN.
confirm that kept-time of urea can affect internal polymerization
process of g-C3N4. Fig. S4 (Supporting information) shows that
urea-2 is conglomerate and branched, while urea-1 possesses
smooth rod structure, indicating different kept-time of urea
make significant effect on the morphology of urea, further
lead to difference in the structure and optical properties of the
as-prepared g-C3N4. Therefore, higher photocatalytic performance
of C-GCN than Y-GCN could be ascribed that differences of
precursor’s morphology lead to differences in specific synthetic
pathways.

In order to understand the effect of terminal defects on
g-C3N4, UV–vis diffuse reflection spectra (DRS) and Mott-Schottky
plots of Y-GCN and C-GCN were investigated. As shown in Figs. 2a
and b, the DRS spectra of the as prepared Y-GCN and C-GCN show
that the calculated bandgaps are 2.78 [84_TD$DIFF]and 2.66 eV for the Y-GCN
and C-GCN, respectively. Figs. S5a and b [85_TD$DIFF](Supporting information)
show the Mott-Sckottky plots of Y-GCN and C-GCN being working
electrode (0.5mol/L K2SO4 as electrolyte), respectively. The flat
band potential (Vfb) as calculated from the x intercepts of the linear
region are found to be [86_TD$DIFF]–0.78 and –0.62 eV vs. SCE (equivalent to
0.54 and 0.38 eV [87_TD$DIFF]vs. NHE, respectively) for Y-GCN and C-GCN,
respectively. It is known that the flat band potential of n-type
semiconductor equals to the Fermi [88_TD$DIFF]level (EF). Therefore, the EF
values of Y-GCN and C-GCN are 0.54 and 0.38 eV, respectively.
Accordingly, the CB of Y-GCN and C-GCN can be calculated as [89_TD$DIFF]–0.74
and –0.58 eV, respectively. The band positions can be calculated by
the following empirical formulas: ECB= EVB – [90_TD$DIFF]Eg, and the valence
band (VB) of Y-GCN and C-GCN are 2.04 and 2.08 eV, respectively
(Fig. S6 in Supporting information) [59,60]. These data suggest that
the introduction of terminal��N¼CH�� groups into g-C3N4 among
the C-GCN can affect the position of CB of the C-GCN, leading to the
enhancement of photocatalytic performance of H2 generation.

In order towell understand the effect of the terminal��N¼CH��
groups on the band structure of C-GCN, density of states (DOS) and
partial density of states (PDOS) of the Y-GCN and C-GCN were
performed (Fig. 6 and Fig. S6). As shown in Figs. S6a and b, both
C 2p and N 2p orbitals contribute to the CB of Y-GCN, while the VB
ismainly composed of C 2[91_TD$DIFF]s and C 2p orbitals, in consistentwith the
previously reported results [61]. As shown in Figs. S6c and d, the CB
of C-GCN is also composed of both C 2p and N 2p orbitals, whereas
the VB of C-GCN is ascribed to C 2 [92_TD$DIFF]s, C 2p and N 2p orbitals. As the
band alignments shown in Fig. S7 (Supporting information), the
DOS shows that after introducing imine groups (��N¼CH��) into
the unit cell of g-C3N4, it narrows the band gap of g-C3N4 to
enhance its visible light absorption, which agree well with the
above results of the DRS and Mott-Sckottky plots. The results
confirmed that the introduction of terminal��N¼CH�� groups can
affect electron density, CB and VB of g-C3N4 in C-GCN. The analyses
also confirm the difference of molecular structure, band structure
and photocatalytic performance in C-GCN and Y-GCN.

Besides the above-discussed influence of functional groups
of ��N¼CH�� on the photocatalytic performance of H2 production
of g-C3N4, the factor of cocatalyst of Pt was systematically
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Fig. 6. Structural [61_TD$DIFF]models of (a) Y-GCN and (b) C-GCN, respectively. (c) DOS of Y-GCN
and C-GCN.
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Fig. 7. (a) XPS for C 1s spectrum and (b) N 1s spectrum of the pristine C-GCN and
that with in-situ photodeposited Pt after 20 h photocatalytic reaction. (c) XPS for C
1s spectrum and (d) N1s spectrum of the pristine Y-GCN and that with in-situ
photodeposited Pt after 20 h photocatalytic reaction. (e) XPS of Pt on the surface of
the C-GCN and Y-GCN with in-situ photodeposited Pt after 20 h photocatalytic
reaction.

[(Scheme_1)TD$FIG]

Scheme 1. Proposed photocatalytic mechanism for hydrogen evolution over C-GCN
and Y-GCN under visible light irradiation.
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investigated. In the presence of Pt cocatalyst, the rate of H2

production of the C-GCN is much larger than that of Y-GCN. The
marked difference in photocatalytic efficiency between Y-GCN and
C-GCN could arise from different transfer rates from the internal
sites of the catalysts to the surface of Pt particles, depending on the
coupling between active sites (��N¼CH��) and Pt particles. To
further explore interaction of C-GCNwith Pt cocatalyst, the catalyst
with in-situ photo deposited Pt after 20 h photocatalytic reaction
was characterized by XPS and XRD. As shown in Fig. S8 (Supporting
information), XRD shows the spent C-GCN has two characteristic
peaks of g-C3N4 at 13.1� and 27.5�, while the 39.8� and 46.5� signals
can be attributed to the presence of the Pt cocatalyst. The results
confirm that Pt particles are successfully deposited on the surface
of C-GCN, and C-GCN is very stable during the photocatalytic
reaction. As shown in Figs. 7a and b, compared to the pristine
C-GCN, the C1 sspectra of the spent C-GCN show three signals
shifted to higher bind energy (B.E.) by over 0.3 eV, 0.3 eV and 0.7 eV
for the N��C¼N, C-NHx and C��H signals, respectively. The
N1 sspectra of the spent C-GCN show two signals shifted to higher
B.E. by over 0.4 and 0.3 eV for the N3C and N��H signals,
respectively. In addition, as shown in Figs. 7c and d, compared
to the pristine Y-GCN, the C1sspectra of the spent Y-GCN shows
[93_TD$DIFF]N–C=N signal shifted to higher B.E. by over 0.15 eV, while N 1s
spectra of the spent Y-GCN show two signals shifted to higher B.E.
by over 0.2 eV and 0.1 eV for the N3C andN��H signals, respectively.
After 20 h photocatalytic reaction, the B.E. value of C and N in
Y-GCN and C-GCN all became larger than the pristine one, whereas
there are larger shifts in the C-GCN than Y-GCN. The results
indicate the electron density of C-GCN become lower than that of
Y-GCN. Furthermore, as shown in Fig. 7e, the B.E. of Pt0 on the spent
C-GCN is 70.6 eV, smaller than that on the spent Y-GCN (70.9 eV).
The B.E. of PtII on C-GCN (71.8 eV) is smaller than that on the spent
Y-GCN (72.0 eV), which can be assigned to Pt2+ of PtO [62]. The
directions of the shifts toward higher B.E. for the carbon and nitride
and lower B.E. for Pt indicate the donation of electron density from
the carbon and nitride of Y-GCN and C-GCN to Pt cocatalyst, in
accord with metal-support interaction reported in the literatures
[63]. But the larger shifts occurred in C-GCN than in Y-GCN,
suggesting C-GCN has stronger interaction than Y-GCN with Pt
cocatalyst, resulting in facilitating charge transfer and significant
increase in photocatalytic hydrogen evolution. These XPS results
demonstrate that the existence of ��N¼CH�� groups in C-GCN
leads to tight interaction between C-GCN and Pt nanoparticles,
and then improves the charge separation and photocatalytic
performance.

On the basis of the above experimental results, we proposed the
mechanism of the photocatalytic hydrogen production of water
splitting over the as-prepared catalysts. As shown in Scheme 1,
under irradiation of visible light, C-GCN can directly absorb light of
420–520 nm to generate electrons (e�) and holes (h+) and the
electrons are excited from VB to CB. Firstly, the photo generated
electrons on the CB of the C-GCN can quickly transfer to Pt
nanoparticles because there are tight interactions between C-GCN
and Pt nanoparticles via ��N¼CH�� groups. Meanwhile, the holes
on the VB of C-GCN are reacted with the sacrificial agent of
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triethanolamine to finish the oxidation process, which improves
the separation of photo generated electrons and holes. Therefore,
there is effective charge separation and the separated electrons
have enough time to reduce H2O to H2 on the surface of C-GCN. As
for Y-GCN, the photocatlyticmechanism is similar to that of C-GCN.
But the photo-generated electrons on the CB of Y-GCN have smaller
transfer rate than those on the CB of C-GCN to Pt nanoparticles
because there exist functional groups of ��N¼CH�� in C-GCN but
not in Y-GCN. The mechanism explains why C-GCN exhibits much
better activity for hydrogen evolution than Y-GCN.

In this paper, Y-GCN and C-GCN were firstly prepared by using
the fresh urea and the urea kept for five years as precursors,
respectively. The photocatalytic hydrogen evolution rate of C-GCN
is much larger 5 times than that of Y-GCN. Different from Y-GCN,
results of XPS, NMR, DRS indicate that there are functional
groups of ��N¼CH�� introduced in the C-GCN. Noteworthily, the
introduction of functional groups of ��N¼CH�� result in enhance-
ment of visible light absorption, high charge-separation efficiency,
suitable band structure, and strong interaction betweenC-GCNand
Pt, and then lead to much improvement of photocatalytic activity.
DFT calculation also confirms the introduction of ��N¼CH�� can
change the band structure of g-C3N4. The present work provides a
new strategy to improve the photocatalytic performance of
g-C3N4 via the introduction of functional groups of ��N¼CH��.
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