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Plasmonic Effect Promoted Solar Water Splitting for Hydrogen Production
LUO Zhibin®, WANG Xiaobo, PEI Aiguo
(China Energy Engineering Group Guangdong Electric Power Design Institute Co. , Ltd. , Guangzhou 510663, China)

Abstract : [ Introduction | One of the most appealing way to develop clean energy and promote a low-carbon economy is by directly
converting sunlight into storable chemcial energy as hydrogen via solar water splitting. This paper summarizes the mechanistic
understanding of plasmonic enhancement for photocatalytic water splitting to promote its practical application. [Method ] A great
deal of attention has been focused on the specific mechanism about the plasmonic effect during the photocatalytic water splitting
reaction process, demonstrating the significant roles of plasmonic particles in enhancing sunlight absorption, exploiting entire solar
spectrum, promoting photogenerated charge separation, increasing thermodynamic energy of charge carriers, as well as providing
active sites for water splitting. [ Result] The recent advances and prospects for future developments regarding the promotion of
plasmonic effect on solar water splitting for hydrogen production has been presented. [ Conclusion]| Based on the plasmonic solar
water splitting, great efforts on increasing the efficiency and stability of the photocatalysts are needed from researchers with different
disciplines to make breakthroughs.
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Fig. 1 Schematic illustration of reaction processes during photo-

catalytic water splitting
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Fig. 3 Charge behavior in Au/TiO, under illumination of visible and UV light
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Fig. 5 Mechanism of plasmonic effect on the behavior of photogenerated charge carrier
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Tab. 1 Representative investigations of plasmonic enhanced photocatalytic water splitting

RS ER GEBoTk T BNk S A T RE i;
TiO, 4K AugRERE LR IFETITR AM 1.5G, 1 M KOH 0.7mAcm™ @ 1.0V vs. RHE Al
RBZRTIO IR IES  AugRmik  FRzER AM 1.5G, £& 1K 637 wmol g h! B[]
SYETIONMNKIERES]  AugRkR BRIk AM 1. 5G, 1 M NaOH 2.69mAcm™ @ 1.0V vs. RHE C'*¥
Fe,0, 40K K AuGK ok Btk AM 1. 5G, 1 M KOH 3.2mAcm™ @ 1.23 V vs. RHE D!
MoS, 44 K2k MoO, i fiit KA 300 WRKTDGHE+54ME G A, 0. 5 M Na,SO, 841. 4 pmol g™ h™ E[)
ZnO LR ES 1 PUAPAIRL DG HTR 300 WGATJ6I , 0. 4 M Na,S+Na,SO,  1.97 mmol g™ h™! Fi2!
TiO, R EALLH  Au-Pegik Bk St b TR 1.5f% AM 1. 5G,1:9 ZLJiEK 134 mmol g™ h™' G
CuseR  AwPADKNTH FF gl T ORI S MNES e e
0.25 M Na,SO,
SrTiO, 4K ik Cuffk Bk SEIEEHUR 300 W AT GIR+AMEEH,5:22 2K 76.3 wmol g™ h™! 1124

4.1 EZIERNSFOESHITHR

AR B “2R A" R R ERE ™ b i B

o AT, S BT 55 A 6 AL 7 i /K i = 4

A, RSB BMOCK 7L Au, Pt. AgZ R 4R
JE, SEUREF AR B R . FTRL, JF AR
AR ) A5 B BT B R AR G AR AL 43 A K ) SR AS 2



26 M RETR A5 %76
B T ] SRR 2 S B PR, A EROR R R, R,

4.2 HEFELTI IR

RO RS, DA O R PHG AT
Wehe s, AT SR AR R BRG] SRR
4.3 FHEMHERHEENRIE

AT S R BE R IR T, EF X SERR A
BB, BT H BT AL M XA S A 4 v] BE S B
M, OEIAEMEAT R RIEH TR, WEHR
ZEVR T DA o P 5 ARG, sl B AL
AT, HHEFBIEMELL, T R R K S T,
T 43 K ) S
4.4 ZREREEMNREFZE

HAT, # 0SS T RocaRR T Rkl
B FRPCRLEE | HAR JE LA | i AU IGE R
WL BEAB KRV . BTG IRL S . IRYEA
IF] 119 55 B R OT AN KRR T RO A A R Z [ 4L
BRI 0 807 T FOBLAR 2 AN AR TR, B AR, T/
il ARA R T, A B TR PR A 7 i R
HROGAEAETRI R A A%, DA 294 77 BiA .
4.5 REXEAFIHE

TF 5% 301 T T 78 % S B 5 b £ 18 A B 756 - fie 7K
il A R AU A AR T 10% 09 K B RE #% 1k 2%
REE, N THRE T A RCR, kst
(R A TR AL 28R R R o A A 12 o 2 52 i) 45
BEOTAORRL TR TE R RN R, HEEE
US4 Y TR oy A a1 AN BN 1 22 NI 1111
T B R (Pl an R Fe L)« A5 mtESE. BR T
GEWOTR TR, H5 S ERmiEEbS
fEALVERE BAAROC, WAAR VCECRE | 40 R
TR BE SR A5 PR 5 2 (8] A H fr A P g
4.6 ESELMEAFIREM

A o3 A 7K SO I TR AN, AT LATE % iR
FAF T AT o G A 7 i B rh R A 259U
FEH, (HARSEPRA A IROLT , K & AR 240,
JCHIEME K P Ca . Mg 55 B TR, 1E6MHAk
FNFR T KR, BEAS G AW LR Bt e & A R
AT PERL A . 3 — 7T, AR RA B B A2 A 1
e, BEERMTT, A8 EERMEERN,
T A FL A 439 2k MU AL BE 1 s 55 o AL I 06 2
Ja . A T EEIRE AR AR, S EE L
VAT PR A T A B ) — AR, X

TR RS ENE . A7 i G AR 0 TR AR AR
PR AR AR ROR B B SEPRE X

it 5 T 28 i ) 25 B O DO AEAL TR AN W T e A
BT, PLEARSCHERE AT SE A WITER A, K i
PR R Ml AL RRRE 2 AN W Pk

Sk

(1] k3. ARIRARNE T AR IR FE J J i 7 ) RG] 80 [0,
FOTREIRELE, 2019, 6(3): 32-39.

PAN Y. Energy power development direction and low carbon
emission under energy strategy [J]. Southern Energy Construc-
tion, 2019, 6(3): 32-39.

[2]  FUJISHIMA A, HONDA K. Electrochemical photolysis of wa-
ter at a semiconductor electrode [J]. Nature, 1972, 238
(5358): 37-38.

[3]  WALTER M G, WARREN E L, MCKONE J R, et al. Solar
water splitting cells [J]. Chemical Reviews, 2010, 110(11) :
6446-6473.

[4] WANG Q, DOMEN K. Particulate photocatalysts for light-
driven water splitting: mechanisms, challenges, and design
strategies [J]. Chemical Reviews, 2020, 120(2): 919-985.

(5] GELLE A, JIN T, DE LA GARZA L, et al. Applications of
plasmon-enhanced nanocatalysis to organic transformations
[J]. Chemical Reviews, 2020, 120(2): 986-1041.

[6] LINIC S, CHRISTOPHER P, INGRAM D B. Plasmonic-met-
al nanostructures for efficient conversion of solar to chemical
energy [J]. Nature Materials, 2011, 10(12): 911-921.

[7]  THOMANN I, PINAUD B A, CHEN Z, et al. Plasmon en-
hanced solar-to-fuel energy conversion [J]. Nano Letters,
2011, 11(8): 3440-3446.

[8] SUF, WANG T, LV R, etal. Dendritic Au/TiO, nanorod ar-
rays for visible-light driven photoelectrochemical water split-
ting [J]. Nanoscale, 2013, 5(19): 9001-9009.

[9]  PUY C, WANG G, CHANG K D, et al. Au nanostructure-
decorated TiO, nanowires exhibiting photoactivity across entire
UV-visible region for photoelectrochemical water splitting [J].
Nano Letters, 2013, 13(8): 3817-3823.

[10] INGRAM D B, LINIC S. Water splitting on composite plas-
monic-metal/semiconductor photoelectrodes: evidence for se-
lective plasmon-induced formation of charge carriers near the
semiconductor surface [J]. Journal of the American Chemical
Society, 2011, 133(14): 5202-5205.

[11] SHIY, WANGJ, WANG C, et al. Hot electron of Au nanoro-
ds activates the electrocatalysis of hydrogen evolution on MoS,
nanosheets [J]. Journal of the American Chemical Society,
2015, 137(23): 7365-7370.

[12] LEE J, MUBEEN S, JI X, et al. Plasmonic photoanodes for



5 2 1

BEAK, G SFEHOTRUM AL HE RO HE A T i K f A 27

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

solar water splitting with visible light [J]. Nano Letters, 2012,
12(9): 5014-5019.

MUBEEN S, LEE J, SINGH N, et al. An autonomous photo-
synthetic device in which all charge carriers derive from surface
plasmons [J]. Nature Nanotechnology, 2013, 8(4): 247-251.

HOPE G A, BARD A J. Platinum/Titanium dioxide (Rutile)
interface formation of ohmic and rectifying junctions [J]. Jour-
nal of Physical Chemistry, 1983, 87(11): 1979-1984.

GOMES SILVA C, JUAREZ R, MARINO T, et al. Influence
of excitation wavelength (UV or visible light) on the photocata-
lytic activity of titania containing gold nanoparticles for the gen-
eration of hydrogen or oxygen from water [J]. Journal of the
American Chemical Society, 2011, 133(3): 595-602.

XUZ, LINY, YIN M, et al. Understanding the enhancement
mechanisms of surface plasmon-mediated photoelectrochemical
electrodes: a case study on Au nanoparticle decorated TiO,
nanotubes [J]. Advanced Materials Interfaces, 2015, 2(13) :
1500169.

WANG X, LONG R, LIU D, et al. Enhanced full-spectrum
water splitting by confining plasmonic Au nanoparticles in N-
doped TiO, bowl nanoarrays [J]. Nano Energy, 2016 (24) :
87-93.

LI H, LI Z, YU Y, et al. Surface-plasmon-resonance-en-
hanced photoelectrochemical water splitting from Au-nanoparti-
cle-decorated 3D TiO, nanorod architectures [J]. Journal of
Physical Chemistry C, 2017, 121(22): 12071-12079.

WANG L, HU H, NHAT TRUONG N, et al. Plasmon-in-
duced hole-depletion layer on hematite nanoflake photoanodes
for highly efficient solar water splitting [J]. Nano Energy,
2017(35): 171-178.

GUO S, LI X, REN X, et al. Optical and electrical enhance-
ment of hydrogen evolution by MoS,@MoO;, core-shell nanow-
ires with designed tunable plasmon resonance [J]. Advanced
Functional Materials, 2018, 28(32): 1802567.

HONG D, CAO G, ZHANG X, et al. Construction of a Pt-
modified chestnut-shell-like ZnO photocatalyst for high-effi-

ciency photochemical water splitting [J]. Electrochimica Ac-

[22]

[23]

[24]

ta, 2018(283): 959-969.

RAHUL T K, SANDHYARANI N. Plasmonic and photonic
effects on hydrogen evolution over chemically modified titania
inverse opals [J]. ChemNanoMat, 2018, 4(7): 642-648.
ZHANG Y, GUO S, XIN X, et al. Plasmonic MoO, as co-cat-
alyst of MoS, for enhanced photocatalytic hydrogen evolution
[J]. Applied Surface Science, 2020(504): 144291.

ZHANG X, FU A, CHEN X, et al. Highly efficient Cu in-
duced photocatalysis for visible-light hydrogen evolution [J].
Catalysis Today, 2019(335): 166-172.

[25] BARD A J, FOX M A. Artificial photosynthesis: solar split-
ting of water to hydrogen and oxygen [J]. Accounts of Chemi-
cal Research, 1995, 28(3): 141-145.
EE T
T GEEER)
1989-, 9, JUAREIZA, WLE, K
HRFT AL, FENGARE G
AEF5E TAE (e-mail) luozhibin@ gedi.
com. cn,
FiviE

1984-, B, VLORm i N, ST, AZhfbmid, F%
M S HEWF ST MK ) TAE (e-mail) wangxiaobo@ gedi.
com. cn,

EEE

1969-, B, HMNRAN, T EBERAERER 480 Ik
TP B S TR0, FORGS R TR, R —JaE s
P TR0, G B W DX PR A TR
g et . BRI B B TAE (e-mail) peiaig-

uo@gedi. com. cn,

(wiEmit FH4E)



