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Development of Visible Light Responsive Nitrogen Doped Photocatalysts
(TiO2, Nb2Os) for hydrogen Evolution
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Abstract : Development of visible light responsive photocatalysts is a promising research area to facilitate utilization of solar energy
for hydrogen production via photocatalytic water splitting. In this study two groups of samples, nitrogen (N)-doped niobium pentoxide
(Nb2Os) and titanium dioxide (TiO2) (Nb,Os-N, HNb3Os-N, TiO»-N) and N-undoped ones (Nb,Os and TiO,) were tested. In order to
utilize visible light, nitrogen atoms were doped in selected photocatalysts by using urea. A shift of the absorption edges of the N-
doped samples in the visible light region was observed. Under visible light irradiation, N-doped samples were more prominent pho-
tocatalytic activities than the N-undoped samples. Specifically, 99.7% of rhodamine B (RhB) was degraded after 60 minutes of
visible light irradiation with TiO»-N. Since TiO»-N shows the highest activity of RhB degradation, it was supposed to generate the
highest current response. However, HNb3Og-N showed the highest current response (63.7 mA/cmz) than TiO,-N. More interestingly,
when we compare the hydrogen production, Nb,Os-N produced 19.4 pmol/h of hydrogen.
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Rhodamine B
Fig. 1. Molecular structure of Rhodamine B,
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Fig. 2. UV-visible diffuse reflectance spectra of the nitrogen-
doped (TiOo-N, Nb2Os-N, and HNbzOs-N) and the un-
doped (TiO, and Nb.Os) samples. The insets show the
pictures of the TiO, and TiO.-N samples.

Table 1. Onset wavelength and band gap energy of each

material
Onset wavelength (nm) Bandgap (eV)
Nb2Os 380 3.26
KNb3zOg 385 3.22
HNbsOg-N 395 3.14
TiO, 375 3.31
TiO>-N 455 272
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Fig. 3. The UV-vis spectroscopic changes of the RhB agueous
solution with TiO2 (a) and TiO.-N (b), and the photo-
catalytic degradation of RhB over various photo catalyst
under visible light range (A > 400 nm) (c).

Chelerd 3&ts|X| | MI33A H125120114 12

909



910

j(ﬁd:}ﬂlﬂj—?— T uﬁﬁi

HOIE - AT - RE - 2EY B o Aok

w

N

I

o
for
0x
0Kl
N
Hu
n
ro
oo
lo
L
i
=C)ll=l

)

i
il \;J
[
%2
o)
o2
il
fu
>
fu
o)
=)
w
1o
o
it
o
g
2
nich
ox

A<l 2oyl B (RhB):= 7HA]384 9] 332H(photon)o]] <]
& WA o177k Yojuha, o] wf WA A7) TiO, FE
o] CBo| o|538lA Holl whet =rhvl Bo| ofol2 wjr)zt

(RhBY)o] A4 gch>
hEH O & TiO,9} TiO-NS Aeste] A7k 2rhul B
e W3S =S Eato] UEltkFig. 3 ()9} (b)).
Ti0,9] 79 &S WzhE oy A] wjio] 7hx33A oo
Ae Eum BES|7} o] RojxA] ¥ AL & 4 AT
g 6%). §HH TiO,-N2o| 79 etgdst 2oyl B

ut

%—EH%% H@i =t 27] FEof H|gl 99.8%7} Toﬂﬂ"*
th A =33 E2(TiOx-N, NbOs-N2} HNb;Os-N) o] 7

£ Fig. 3(c)ll Hojx|= A} o] e o= 237t 01
FolA| 2] ka1 FRAIEA 2AF Al A 2ol BY 5
=7t §43] "ol A BN md S4Q Tio¢}
Nb,Osi= 20t B £3lj7} o] F0)2|7] ¢k AL & 4= it
53] 7FAIEAL ofefiol|A] TiO,-No] 7h4 & Hall&S ety
th. YA NbOs-N2}F HNb,Os-N= Z+2F <F 90.1%%} 85.5%

o] byl B Hal8e HolRarh o] AL A mHo] 714
4 GoN Gl BAo| olold & gl AT
Wfolehs whgolet & 4 gick
04
(a) — TiON
~=~. TiO,N with illumination /
0.2 s
- /7,
T o Z
g
€
g 02
5
o
0.4 /
-06 - . - . .
2 -1 0 1 2
V (V vs. Ag/AgCl)
0.4
(c) — Nb,O, P
~=~- Nb,O; with illumination /
02
E
o
< 00
b=
e
5 .02
o
-0.4

2 -1 0 1 2
V (V vs. Ag/AgCl)
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Fig. 5. Comparison of photocatalytic hydrogen evolution over
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and HNbzOg-N) catalysts,
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