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Thin_film formation of two-dimensional carbon nitride structure based on
precisely-designed precursors and its application toward photoactive membrane
reactors
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Our newly-synthesized C3N5, which is one of the nitrogen-abundant carbon
nitrides, showed a hydrogen (H2) production amount larger than that of conventional graphitic carbon
nitride (g-C3N4) in photocatalytic water splitting with triethanolamine under visible light
irradiation. Besides nanocomposites of tungsten trioxide (WO3) nanorods and C3N5 brought about
furﬁhe[ improvement in photocatalytic H2 production, which can be attributed to a direct Z-scheme
mechanism.
In addition, g-C3N4 was uniformly deposited on the surfaces of anodized Ti02 nanotube arrays by
thermal chemical vapor deposition (CVD), leading to the enhancement of photocatalytic H2 production
over Ti02 under ultraviolet-visible light irradiation. Thermal CVD enables conformal deposition of
graphitic carbon nitrides on surfaces with large specific surface areas. Our results observed for
Ti02/g-C3N4 composites indicate that thermal CVD is effective for constructing photoactive membrane
reactors with carbon nitrides.



@

CO,
g-C3N4
@
O- CsNg g-C3N4
g-C3N4
(¢D)
T
Cs
T
@ CVD
X
X
XPS
® KPFM
PM

*



CvD

@ (i
(i) HAT
Y
/
HOMO-LUMO
HAT
(2) S —-S— (
) [n]
[12]
S_
S 3 6
/
S_
CsNs
® g-CsNa 250
CsNs @ 2.C:N,
g-CsNa 2 200 -O-C:Ns o)
CNs  3- -1,2,4- E
3 150 o
20 385 740 1o o e
nm H, - 5 ¥
1 - g ®
o
0 O—
CaNs  g-CsNa 2 0 1 2 3 4 5
h
X CsNs
g-CaNa4 1. g-CaNy CsNs
CsNs
g-C3N4
(4) C3Ns
WOz CaNs
g-CsN4 Z-
WO3
pH
WQO;3 WO3 CsNs

g- C3N 4



385

20 %
740 nm
C3N5 C3N4/WO3
CaNs/'WO3 Pt WO; P/ WOs 4
2 C3Ns/WO3
TEM X EDX
WOs C3Ns
CsNs/WQO3 Z-
®)
3-
CsNs
CsNs
CsNs
KPFM
nm
40nm GCsNs
140 mV CaNs
400 nm
CsNs
4 CaNs

®)
0-C3N4
CVvD
Ar
X
6 g-CsNg
10 nm 0-CaN4
Pt
) (6
TiO,
-OH
TAOH

TNA/G-CsNs

231.60 mV

g-C3N4
g-C3N4
DC
TNA
8 .
426 nm
TNA

150
o C,NgWO, e
o o CN/WO, e
o CN 7
E 100 pvo,
50 )
0
0 20 40 60
min
2.
-1.2,4- 500°C
CsNs
CsNs
1.93eV
3
CsNs
300
40 mV
CsNs
C3N5 / C3N5
100 [oopeses e P 0e® ™t " ereareenere
>
E 50 | HE ®Au
gt P
o L
50 Los® ”00“0.»
A ‘\’o P b
-100 . . :
0 1000 2000 3000 4000
<
4, CaNs
CvD 5
g-C3N4
130 nm
(002)
g-C3N4
MB 7
Ti
g-CsN 4 CVvD
TNA/ g-CsNy4
300 600 nm
OH 2-
0.2g



nm

®

KEICERE

%0 Y THRAHR) o PIRERTRS | Tﬁi’\f& —
- | = s =)
7] S
M it E%b
5. CVvD
(002) $ 100 ~ o= —
= 9 ¢
o 3
8 g 80 3
70 | ©g-C3N4 (REELL)
& +g-C3N4
4 g-C3N4/PL
50 . . .
10 15 20 25 30 0 30 60 %0
20 deg min
6. g-C3N4 X 7. g-C3N4 MB
t=0
TNA/g-CaNas 30 300
H2
TNA 2.7 9
CVvD g-C3N4 TiOz g-C3N4
TNA/g-CaNa z
CvD
CVvD
1.6 8
E 14 __I::/;?;M(o'zg) g 7 | —e—TNA/gC3N4
S 12 b ———TNA/g-C3N4(0.5g) S | —m
& ——TNA/g-C3N4(2.0g) g
B 1 5
08 | 4 +
06 3
04 | 2r
02 | T
0 i
0 > * 3 0 1 2 3 4 5
350 400 450 500 550 600
nm h
8. TNA/g-CsNy4 9. TNA/g-CaNa TNA
TAOH
CvD

CvD

600



MASEGI Hikaru DOl Naoyuki YONEYAMA Sho NODA Kei

60

Visible light responsive photocatalytic hydrogen production over composites of anodized Ti02
nanotube array and graphitic carbon nitride measured with a gas circulating reactor

2021

Japanese Journal of Applied Physics

105504 105504

DOl
10.35848/1347-4065/ac23ef

UEBE Masashi, KANEDA Kensuke, FUKUZAKI Shinya, ITO Akihiro

25

Bridge-length-dependent intramolecular charge transfer in bis(dianisylamino)-terminated
oligo(p-phenylene)s

2019

Chemistry A European Journal

15455-15462

DOl
10.1002/chem. 201903667

16 3 3

ITO Kosei, NODA Kei

Structural analysis and photocatalytic hydrogen production of C3N5

The 19th Korea-Japan Symposium on Catalysis (KJSC)

2023

103

2023




C3N5

70

2023

Z- C3N5/W03

70

2023

70

2023

NODA Kei

Gas phase photocatalytic CO2 reduction and H2 production over anodized nanotube arrays

International Conference on Materials Science and Engineering 2022 (Materials Oceania 2022)

2022




83

2022

CVD

83

2022

CVD

69

2022

69

2022




NODA Kei

Gas phase photocatalytic hydrogen production over vertically aligned nanotubular arrays prepared with electrochemical
anodization

Symposium H-3 (Innovative Process and Materials Design via a Comprehensive Multiscale or Nano/Micro/Macro-Scale Fabrication
Approach), Materials Research Meeting 2021 (MRM 2021)

2021

82

2021

82

2021

68

2021




81

2020

67

2020

(170 Akihiro)

(90293901)

(14101)




