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Abstract — Graphene-based carbon nitride (g-C3Ny4) photocatalyst has a relatively narrow band gap of 2.80 eV, which
makes it active in the visible light range. Furthermore, the strong covalent bonds between carbon and nitrogen atoms
provide excellent thermochemical stability. However, g-C3N,4 photocatalyst still has a high band gap, which hinders its use
as a visible light photocatalyst. To overcome this limitation, in this study, melamine was used as a starting material and the
g-C;3Ny photocatalyst was synthesized by a high-temperature reaction at 520°C. To this, alkali metal hydroxides (LiOH,
NaOH, KOH) were added, respectively, followed by heat treatment at 500°C to synthesize alkali metal ion-doped M-g-
C5Ny4 photocatalysts. The physical and chemical properties of the photocatalysts were then evaluated using various analytical
equipments, including FT-IR, XPS, XRD, and UV-Vis spectrometer. XRD analysis confirmed a strong peak at 27.5°,
which indicated that the g-C5N4 photocatalyst was successfully synthesized. In addition, the alkali metal-doped M-g-C5Ny4
photocatalysts had narrower band gaps than the alkali metal-free g-C3N,4 photocatalyst (2.80 eV), and among them, the
band gap energy was found to be the lowest at 2.56 eV when K metal was doped. As the band gap energy decreases, electrons
and holes can be easily generated by photoexcitation even with low-energy light, so it is judged that the alkali metal-
doped M-g-C3Ny4 photocatalysts developed through this study can be used as effective visible-light photocatalysts.
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Fig. 1. Preparation process of g-C3N4 photocatalyst by thermal condensation reaction from melamine as a starting material.
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Fig. 2. Photographs of (a) undoped g-C3N4 and M-g-C3N4 doped with (b) Li*, (¢) Na* and (d) K" ions.
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Fig. 3. FT-IR spectra of (a) undoped g-C;N4 and M-g-C3;N4 doped
with (b) Li*, (c) Na* and (d) K ions.

Korean Chemical Engineering Research 64(2) (2026) 105154

M-g-C3N, 3552 FT-IR 2B E - & 2o 7} L] gk o,
ol dE] 5559 =H0] gCGN, A5 slekarze] & Je
u|x)#] EERS oJu]sitt,

3-2-2. XPS £

g-CsN, 351 8] 321 A7 31812 A& 2Aksl] 918 XPS
AE o, 1 AIE Fig 42 YRS Fig. 4()2] =
F(survey) SHE-HA C, N, O gArto] EA8kS & 4= QlT}. o
CiNelIA €, N O A} 7o) 518H2 AjkE F71= st f1s)
YT C 1s, N 1s H O 1s ~2FEHS 22} Fig. 4(b), (c), ()2
A3 EY o7 ehQIt}. Fig. 4(b)ell LrEbd vk} o), s e
C 1s AFEZL A 718 FQ 1|35 BojFr} 284.8 eVollA] F4]
©] 5= I == CN heterocycle W12] S C-Col| 7]Q1=]H, 2862 eV
oA F4lo] ¥ 3] F= =0 2 E ], 2882 evoll4 9] ¥
CN heterocycle 12] sp? 243318 C QAHN-C=N)el| sl th10].
Fig. 4(c)2] T3S N 1s AFER]S wedl 22} oF 3088 eV, 400.1 eV,
4012 eVellA] F4lo] == A 7o) AFER o= fad 4= gt

-GN Cis
(a) E (b) N
»
b4

3 3

) - &

':7,2\ ) v 2

c by 2

2 o g

= ‘ . <

| {
1200 1000 800 600 400 200 0 292 290 288 286 284 282 280
Binding energy (eV) Binding energy (eV)
C-N=C N 1s O 1s
(€) (d)

El ~

< 3

g S

>

2 >

c ‘@

(] C

€ ]

- £

404 402 400 398

Binding energy (eV)

526
Binding energy (eV)

Fig. 4. XPS spectra of g-C3Ny: (a) full scan, (b) C 1s, (c) N 1s and (d) O 1s.
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Fig. 5. XRD patterns of (a) undoped g-C3N4 and M-g-C3N,4 doped with (b) Li*, (c) Na* and (d) K ions.
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Fig. 6. UV-Visible spectra of (a) Na* doped M-g-C3Ny, (b) K* doped
M-g-C3Ny, (c) undoped g-C3N4 and (d) Li* doped M-g-C3N4.
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Fig. 7. Energy band gaps of (a) undoped g-C3N,4 and M-g-C3;N, doped with (b) Li*, (c) Na* and (d) K" ions.
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