Graphite oxide ** K4;NbgO;; % fff #-i& {7

Z-scheme & g v

2KARE LAY

by X R ﬂ*ﬁ’ﬂéﬁ*

IR N

EFHEPFE1 Y

*Email: hsinyu@mail.ndhu.edu.tw

# &

*E T F1* 5% # (Solid-state reaction) fl # =~ 4Lk
47 K,NbgOy7 » £ # TBAOH & {7 45 F fafrdp+ 2 4
Io4e » L5wit%Rh > £ G Ao B e Graphite
oxide(GO) & 1 2 # & B4 NS-KuNbsOy; i3 A & 1§
BooqUr @ WOz 1147 R g %% b 0.5W%PLIE S 2
/g4 ¥ * 6mM Nal -ki3ix % 17 171055 it B R
P-4 > 41% NaOH 23 B pH & {77 ¥ Zp -k i -k 4 2
F % & ¥u(Z-scheme) 2 &2 7 [1] o4 7 4e 3Wt%GO 2% % B
¥ (Hp:5430.03umolg™h™* » 02.2226.33um01g'1h'1) P H %
5Wt%GO (H,:5338.55umolg*h™ » 0,:2195.61umolg*h™)
U St 1Wt%GO(H,:4906.1umolg ™ h™ ;
0,:1970.16pmolg*h™) -

Y e 2 :K4Nb6017 » Z-scheme > Jcﬁgﬁﬁ— s PR A ﬁ;

1 w3
T ik g 4 5
B 4o i7E &
% 5 550 m*%xxsb,)g,iﬂwﬂ ek
o EFRAY - BEFP F0i R H TR
ABXL ARG FEBERp BFRERT R TR
KA B EORE I TR KA S R R
i

SR eif: ’é’

F
e
3
A
T
R
B
e,
<
m =

—

BRhALF B RRI I F FoREEEFTRY
HARPRET T P LEEAF[2] #F kLI L
BTEERBEMRAZE LA - BATNAE T D E G AR
KA S A KPR A G AT T L Ek
Lok A fE e L % 5 > EX: TaON[3-7] ~ BaTa,Op -
K4NbgOy7[8-18] - BiVO,[19] - AgNbO; - NaTaO; -
SrTiOs[20, 21] ~ TiO,[22-27] ~ WO;% [28] -

2 Ry
217859 %

A& P4 & B4 A2 (Solid-state reaction) # #
K4NbgO17 » * ik 7 12 700°C * %% » 22 » % 78 % 12 1100
T LT w 8 3 KNbO b % > B ¥ %
K4NbgO1745 & 4e » 3150 % < IM B e -K J4 e 38 (7 3+
Tz A 0 LGB foie T (7 5 Ha Ko oNDsOr#5
* o £ &) JE % [29,30,31] @1 IR S 3
NS-K4NbgO17> = TBAOH £ Hy 1Ko gNbgO175 % »+ 3 4+
ke - x> e~ L5WI%Rh £ B B SR kB
e HgAE— X > 4o » 3 ot i enGraphite oxide(GO)#4:
SRAR R S RN SRR £ A St S
L A

NS-K;NbgO;7-1.5Wt%Rh-1,3,5wt%GO -

A F PRE- AR 7 k% B WO,-0.5Wt%Ptk 1§ 45
WOs#: % £70.5Wt0Pt & /f B % g -k i3 i 3t 2 45
BB g R FH IR BRI T WA
7§ 4-WO4-0.5Wt%Pt -

2.2 Z-scheme s 5%

o (76 & 0T Bk A fRF T 5 Z-scheme F i %
o ow|at il ek LI % 5L Z-schemeF & «ug #
- AF oS - mF CRREAN TS

G RFOHBRE g b Y T AT BB
|- BERET T FH RS R

23 SRR T A1 ER

1 X-Ray ¥ &+ & (XRD - Rigaku X-Ray Diffractometer
MAX-2500v) ~ UV-vis % # & (Hitachi 3300H
Spectrophotometer) g 4% 3 B ks (FE-SEM > JEOL

JSM-7000) « % i 3 7 =+ AL #c4t (TEM » JEOL JEM-3010)
A %%ij%‘i’ k£ Rpeg £ £ KR (PL) -


mailto:hsinyu@mail.ndhu.edu.tw

3 Bi&sm FA TR A EFIL G GO A A LG AR

Bl 15 XRD Bl > & 7 01§ D3 bt ) GO i
LG kAR T F A BWI%GO 1 T R E A g R4 |

NS‘K4Nb6017'1.5Wt%Rh BBB #E %"f#— °

W ¢

©

(b)
Ao, vt
(@)
- ™

T T T
20 40 60 80

Degree(26)

Intensity(a.u.)

) 1:(2) NS-K,;NbeO17-1.5Wt%Rh

(b) NS-K4NbgO17-1.5Wt%Rh-1wt%GO
(c) NS-K;NbgO17-1.5Wt%Rh-3wt%GO
(d) NS-KNbsO17-1.5wt9%Rh-5wt%GO

B 2 5 UV-vis Bl » & 7 02 B e GO § e e
$45 0 H9  3wt%GO E4F 0 H = §5Wt%GO & %k
L IW%GO » 2§ B i % Apfe > § v jedids § 130 % i
[ =¥ 3 W

AN R \\ S \
) 3:(a)(b) NS-K,NbsO;7-1.5wt%Rh
(C)(d) NS'K4Nbeol7'15Wt%Rh'1\Nt%GO

0 (e)(f) NS-K4Nb6017'15Wt%Rh'3VVt%GO
= (9)(h) NS-K;NbgO7-1.5wt%Rh-5wt%GO
- S~
3 4 5 NS-K,NbsO-1.5Wt%Rh-3wt%GO 2 TEM ] -
5 AN L1 b2 BB GO BB B B
b
E ® NS-KNbeOyy » i % 5 & e #1498 & i1 NS-K,NbsOy7
c y £ T F o SIS p SRR A TR
5 ip132,3] -
300 4(’)0 5(’)0 6(’)0 7(’)0 800

wavelength(nm)
Bl 2:(a) NS-K;NbgO,7-1.5wWt%Rh
(b) NS-K;NbgO;7-1.5Wt%Rh-1wt%GO
(c) NS-K4NbgO47-1.5wWt%Rh-5wt%GO
(d) NS-K;4NbgO17-1.5wWt%Rh-3wt%GO

B35 FESEME o v g ik i 34 Hsdpa eh



- A

4: NS-K4NbgO47-1.5Wt%Rh-3wt%GO 2. TEM H

/'J“ 4v Iwt%GO & 3 7 p ,E‘Fl_“_ 5o e /,J» 4r 3Wt%GO 4}5 i
i f]‘ﬁ 7| 5wt%GO T *; fr B AR % o

)NS-K4-1.5wt%Rh

)NS-K4-1.5wt%Rh-1wt% GO
INS-K4-1.5wt%Rh-3wt% GO
)

(
’l( Il (
(
(d)NS-K4-1.5wt%Rh-5wt%GO

a
b
c
d

Intensity(a.u.)

300 400 500 600 700 800

Wavelength(nm)

) 5: (a) NS-K,NbeO17-1.5Wt%Rh

(b) NS-K,NbO17-1.5Wt%Rh-1wt%GO
(c) NS-K;NbgO17-1.5Wt%Rh-3wt%GO
(d) NS-K4NbsO17-1.5wt9%Rh-5wt%GO

FEF AP K 17 RIS B o 1Y e 3Wt%GO % % B
¥ Hy:5430.03 > 0,:2226.33(umolg™h™) # = 5wWt%GO
H,:5338.55 » 0,:2195.61(umolg™h™) » # % % 1wt%GO
H,:4906.1 » 0,:1970.16(umolg*h™) - A 4 GO 3
H2' 4240.69 > O,: 1622.071(umolg™h™) » % PL Bl% + +
¥ GO e 1%:c 3% > T+ TFHE R
A e GO 4 3% 5% 0 T TR H
vl o BRF A TSR RS A

T g Swt%GO jx s R 53
GRS 3Wt%GO

T

ﬁ?i E\L

’

T
¥R

Ml TR )

&)
S g
f-:: i

= &
;@f

(- ™
(‘m < s
34

a

[0
hesy
(5]

[1] Sayama, K., et al.,

(2]

(3]

[4]

[5]

6]

[7]

8]

[9]

References

Photocatalytic decomposition of
into H-2 and O-2 by a two-step
photoexcitation reaction using a WO3 suspension
catalyst and an Fe3+/Fe2+ redox system.
1997. 277(4): p.

water

Chemical
387-391.
Shangguan, W.F., Hydrogen evolution from water

Physics Letters,

splitting on nanocomposite  photocatalysts.
Science and technology of advanced materials,
2007. 8(1): p. 76-81.

Takata, T., et al., Visible-light-driven photocatalytic
behavior of tantalum-oxynitride and nitride.
Research on Chemical 2007.

33(1-2): p. 13-25.

Maeda, K., et al.,

with monoclinic ZrO2 to produce a composite

Intermediates,

Surface modification of TaON

photocatalyst with enhanced hydrogen evolution
activity under visible light. Bulletin of the
Chemical Society of Japan, 2008. 81(8): p.
927-937.

Maeda, K., etal., Nanoparticulate precursor route
to fine particles of TaON and ZrO(2)-TaON solid
solution and their photocatalytic activity for
hydrogen evolution under visible light. Applied
Catalysis a-General, 2009. 357(2): p. 206-212.
Abe, R., M. Higashi,
Fabrication of an Efficient Oxynitride TaON
Photoanode for Overall Water Splitting into H(2)
and O(2) under Visible Light Irradiation. Journal
of the American Chemical Society, 2010. 132(34):
p. 11828-11829.

Higashi, M., K. Domen, and R. Abe, Fabrication
of efficient TaON and Ta3N5 photoanodes for
water splitting under visible light irradiation.

and K. Domen, Facile

Energy & Environmental Science, 2011. 4(10): p.
4138.

Gasperin, M. and M.T. Le Bihan, Mecanisme
d'hydratation des niobates alcalins lamellaires de
formule A4Nb4O17(A= K, Rb, Cs). Journal of
solid state chemistry, 1982. 43(3): p. 346-353.
Ikeda, S., et al.,
photocatalytic decomposition of water on
Ni-loaded K4Nb6017. Microporous Materials,

Effect of the particle size for



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

1997. 9(5-6): p. 253-258.

Chung, K.H. and D.C. Park, Photocatalytic
decomposition of water over cesium-loaded
potassium niobate photocatalysts. Journal of

Molecular Catalysis A: Chemical, 1998. 129(1): p.

53-59.

Sayama, K., et al., Photocatalytic activity and
reaction mechanism of Pt-intercalated
K4Nb6017 catalyst on the water splitting in
carbonate salt aqueous solution. Journal of
Photochemistry and Photobiology a-Chemistry,
1998. 114(2): p. 125-135.

Miyamoto, N. and T. Nakato, Liquid crystalline
nature of K4Nb60O17 nanosheet sols and their
macroscopic alignment. Advanced Materials,
2002. 14(18): p. 1267-+.

Miyamoto, N., et al., Formation of extraordinarily
large nanosheets from K4Nb60O17 crystals.
Chemical Communications, 2002(20): p.
2378-2379.

Liu, J.F, X.L. Li, and Y.D. Li, Synthesis and
characterization of nanocrystalline niobates.
Journal of Crystal Growth, 2003. 247(3-4): p.
419-424.

Bizeto, M.A. and V.R.L. Constantino, Structural
aspects and
proton-exchanged layered niobate K4Nb6017.
Materials Research Bulletin, 2004. 39(11): p.
1729-1736.

Jung, Y.H., et al., <Photochemical hydrogen

thermal behavior of the

evolution in K4Nb6017 semiconductor particles

sensitized by phosphonated trisbipyridine
ruthenium complexes.pdf>. 2006.

Matsuoka, M., et al., Photocatalysis for new
energy

photocatalytic water splitting

production:  recent advances in
reactions for
hydrogen production. Catalysis today, 2007.
122(1): p. 51-61.

Qu, W, et al.,, Preparation and visible light
photocatalytic performance of methylene blue
intercalated K4Nb6017. Journal of Physics and
Chemistry of Solids, 2010. 71(1): p. 35-41.
Seabold, J.A. and K.S. Choi, Efficient and stable

photo-oxidation of water by a bismuth vanadate

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

photoanode coupled with an iron oxyhydroxide
oxygen evolution catalyst. J Am Chem Soc, 2012.
134(4): p. 2186-92.

Iwashina, K. and A. Kudo, Rh-doped SrTiO3
photocatalyst electrode showing cathodic
photocurrent  for  water splitting  under
visible-light irradiation. J Am Chem Soc, 2011.
133(34): p. 13272-5.

Ouyang, S., et al., Surface-alkalinization-induced
enhancement of photocatalytic H2 evolution over
SrTiO3-based photocatalysts. J Am Chem Soc,
2012. 134(4): p. 1974-7.

C.PK. Udawatta, and C.S.K.
Rajapakse, Highly stable CuO incorporated TiO2
catalyst for photocatalytic hydrogen production
from H20O. Photochemical & Photobiological
Sciences, 2005. 4(11): p. 857-861.

Choi, H. and M. Kang, Hydrogen production from
liquid
photosystem using the anatase structure of Cu
loaded TiO2TiO2. International Journal of
Hydrogen Energy, 2007. 32(16): p. 3841-3848.
Jeon, M.K,, J.W. Park, and M. Kang, Hydrogen

production from methanol/water decomposition in

Bandara, J.,

methanol/water decomposition in a

a liquid photosystem using the anatase and rutile
forms of Cu-TiO2. Journal of Industrial and
Engineering Chemistry, 2007. 13(1): p. 84-91.
Yoong, L.S., FK. Chong, and B.K. Dultta,
Development of copper-doped TiO2 photocatalyst
for hydrogen production under visible light.
Energy, 2009. 34(10): p. 1652-1661.

Nishijima, K., et al., Photocatalytic hydrogen or
oxygen evolution from water over S- or N-doped
TiO(2) under visible light. International Journal of
Photoenergy, 2008.

Zhu, H., et al., Construction of Z-scheme type
CdS—-Au-TiO2 hollow nanorod arrays with
enhanced photocatalytic  activity.  Applied
Catalysis B: Environmental, 2009. 90(3-4): p.
463-469.

Kudo, A., Development of photocatalyst materials
for water splitting. International Journal of
Hydrogen Energy, 2006. 31(2): p. 197-202.



[29]

[30]

[31]

[32]

[33]

Miyamoto, N., et al., Formation of extraordinarily

large nanosheets from K4Nb60O17 crystals.
Chemical ~Communications, 2002(20): p.
2378-2379

Ebina, Y., N. Sakai, and T. Sasaki, Photocatalyst of
lamellar aggregates of RuO x-loaded perovskite
nanosheets for overall water splitting. The
Journal of Physical Chemistry B, 2005. 109(36): p.
17212-17216.

Xu, T.G, et al., Monomolecular - Layer Ba5Ta4015

Nanosheets: Synthesis and Investigation of
Photocatalytic Properties. Advanced Functional
Materials, 2006. 16(12): p. 1599-1607.

Nakato, T. and N. Miyamoto, Sol-gel transition of
nanosheet colloids of layered niobate K4ANb60O17.
Journal of Materials Chemistry, 2002. 12(5): p.
1245-1246.

Saupe, G.B., et al., Nanoscale tubules formed by
exfoliation of potassium hexaniobate. Chemistry
of materials, 2000. 12(6): p. 1556-1562.



