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Development of clear and transparent infrared light to energy conversion device
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By using heavy-doped semiconductor nanoparticles that exhibiting localized
surface plasmon resonance (LSPR) in the infrared region as a light-harvesting material, we succeeded

to convert infrared light into chemical energy with an efficiency that exceeds the existing
champion record. Furthermore, we realized that the energy conversion of solar light in the
long-wavelength limit (2000-2500 nm) region for the first time. By utilizing the property that
infrared-light-selective light-harvesting materials are invisible, we demonstrated the proof of
concept of colorless and transparent solar cells, which are indistinguishable from window glass.



B X C—19,. F—19—1, Z—19 ({38)

1. WERAEE IO =

RGBT XNV F—DF L FH0% 5O DRIMNED KRG EE, NEICHE SR RKko
REHT XL FX =GR TH 5, FRIMEKD K %2 BT 0/b T X — BT D Hl
X, SIS 0ER T D8R, TR AX—MBEOMRIICKE S HG5T5 2 LIXEW
W, o, RAMEO =R L XF—FIAEOBFIL, 4 F TIZRVKRB= RV X—FHOE
R, ANBIHSIIRETHZ N TE D, — T, R 3L — 2B WO Hi
TR ST o T2, AHGEIRE CIZAIR A2 L, FRIVE 2 I3 % /ifE b & m
77 XE I (LSPR) #EHE W THlRA N Z = RN X — 2 E#T 5B 72 K EM
FRBETLH LT, MO 2 X —EFELE BT,

2. WO HBY

A FEE CIX AT 23 U, RADEE IG5 LSPR A EHE WV TilRsb e Z = %L
X—ICEH T D BA R KGEMZ R T 5, RIMNKO KEG 1L — O 20 F] H Bt
DL S U, B2 oE T 5 8RE, = VX —REOMRICKRESE"ERT 5 2
ENXEEW RV, F70, RAMEO =X X —FIFEORFZE L T, 4 F TIZRW K
TRV —FHOEEEEN. ARSI ET LN TE D, HEEHEDRET DR
I - RN X =W O R A DL ISR T,

BEFEORBH RN FX BB TR EFEHE LRV RISEOF I EK & LB
DOKGEME LEA LRWED, BHFEOYV AT A EF LI 3 VX — B h EH TX
5o Bl ZIE, BATO VY 2 KEGEMO EICAREOEH KGEmEZFHEL TH VY
o KBEEMARINT A O EITE T LW, HmfEYS 72 O 3L X —EHghR %
BEEICH XA ENTXS, F7-, Eo— AT ZROKIFE U CiEIH R & % 2
&L CHOHMOREZD TNz, BEZITWRRLDT RV —AFELA[RETH D,

BAE, XX ZERATER : RIDEO K E 2k E LT, AOBIZRZ RN &R
EFFoNb, T, REEBRINICRINT 2 EHIEPERFIRETH 5, Z DM
HaHWs & FESRCENLVORERT T A7 E FHiEOW- 5 & Z AITEP KB Z 5%
EL, TRVX—AEFELBIR) I ENTED,

HRSLANLO KRG = v F—FH L KGEZ BN DR RV —AET 1 ' X
DEH, BHMEZEN L2 XX AT VX —EE IS, EE, BEICRE AV
NI NaeBZHA ) RX—=2a rEAIMT S, DT DNEBNFEL %D AT LA TH->ThH,
BN IZ & 0 B AT RE e CO, EIXEAN THM 2220 7 b ERFE SN TR Y | BEER
DO RESEHBRT D Z ENTE D, TNET TIEAR < AU THRY fHTe IR
T, b, BRALT, MRS, AET 72 & OE R RITEIEI T LR A %
L6 L, FROERRLHT M ERESEE iS5 Z LN TX 5,

3. WD HIE

HEEE I~ — R =78 KT ki - CTh D ki) 2 ki - LSPR Dbz
SNDHH LVF v U 7 BEREHE(PITCT: Plasmon induced “transit” carrier transfer)% 7%
R U7z, PITCT (&, BUWVEMT ¥ o RV &2 ANBENTEAT 5 2 & T, {8k TITEERLY
IIZE A EHET Lo e B v U 7 BEIOBIN 2R b2 EBRTH LN TED
[Nat. Commun., 9, 2314, (2018).] (11 7ZEK)., Z® PITCT % )&-H LC LSPR 7/ ki1
BRI, & LTl T 2 0 2 B 95 2 & T, BUEE TICHE STV A48
% BRI 2R CHRIMED N AL F R X — 2B M35 Z L 2 HEEd, LSPR ZHW /-
Yo AR — AT, SN OIS 3355 R — LA D BROREE & 72> TS,
PITCT OFFLILZ DR EFT B D EHN 2 b DO TH Y | RO = F L F—F|H~D
TULATAN—C0 b Z eSS,

ARHFENE T, CNOOREEERSED Z L TESETIRARAVERR, EiltAMtED
IRIMNGE B KIGEM OB ZITH, D=, PITCT L2 E AT 5 Z & TR
Ho-T R X = E FBT DB OB Z1T 9, KIGEMONEERFF M Z AT 5
VR AZDER & B AN F A G FF i OO FEAM X 20 MRl P WU B 12 L 0 ATV ST e S
IZBIT D EFIEADFEMHEZIT ),



[ ERABEMOERLETE

LSPRF/ #iF

N

=

EOE. EEGEESHEEET PICTEE %0 X433 2 RDEHR
1. PITCT DK X (X)) &FnZicH LimEH K E®OBEF

4. WFEARR

B R/ 2L, BRD LMEFEZ R X =BT 5 Z i3 12 [EHELL
FOXFIHORES 2 & OREY) TS 2R LT TOZRWEETH 0 | FIN R AN
Nt A2 RO 5, THRNLF—DIRWIRA 2 AR R L X —& L EHT 2120, 7
A LT B 72 D HIEGR OSSNV ETh 5, AHFEFIRICB VT, HiFEITRAM =
FNX—EHOFEH 2 BIF L CERRAAEE L, DL FOREEE,

& BB D RN NI E SARBEDBRZE : 7RI SRR R 7T X 405 (LSPR)
RGN E— R8RS R AR &L L TR 2 FIC K B FEOT v
EA T =2 REL LRSI TR TR F—ICEHRT HZ LT IIL
7o [ 4 1100 nm (TR TEELNHR 4% % FBL, J. Am. Chem. Soc. 2019, 141, 2446-2450.],
S OITITEBARFRE L B LN TV RERRA (2000~2500 nm) #EIE D KE5ED
RNF =AM THIO TEB L (K2) ,

AT RN F—IZEHT 5B R KGEMOBLERZFEE : ROV RICR AR E
W REEZ RV UL RS A BRI S 2 RN M A TR & L CTHW AT
BHT7 AL R T OO0 WEEAHEHOKGEMOHE N AR TH D Z & &R
T T IEGE L 7= [Nat. Commun. 2019,10, 406.FFHIFER] (K 3)

T ORCRIE, EREFINGE CREIND LERHC, HRRETE. B HER S o8
&, TBS 7e &7 LR, U7 74K, EMIRA 728D web ~ 4V 7p E LML ER
IMATATIZEoTEY BiFbniz,

Cu,S,/C

P
b

dS

N
FRNE (%)

N
SERE

=

Kbelka-Munk (a.u.)

HER pmol g™ h”
0.023 0.022

800 1200 1600 2000 2400-
K& (nm)

2. BA%E LToARAMG B eIt oo 7k 38 4 s



0.3 Light (1615-2280 nm)
< [on I A
202
o
3 0.1

0.0f

-0.1

0 50 100 150 200 250 300 350
Time (s)

3. a)BWARETRTFOTE, b) a) OIFEME, &k 2FH L TERLILE

R 0D St 7R AU b S I T Al



8 8 0 0

1.S. Kim, H. Mizuno, M. Saruyama, M. Sakamoto, M. Haruta, H. Kurata, T. Yamada, K. Domen, and 11

T. Teranishi

Phase Segregated Cu2-xS-Ni3Se4 Bimetallic Selenide Nanocrystals Formed through Cation Exchange 2020

Reaction for Active Water Oxidation Precatalyst

Chem. Sci. 1523 1530
DOl

10.1039/C9SC04371C

Sakamoto Masanori Hyeon-Deuk Kim Eguchi Daichi Chang 1.-Y. Tanaka Daisuke Tahara 123

Hirokazu Furube Akihiro Minagawa Yoshihiro Majima Yutaka Kanemitsu Yoshihiko Teranishi

Toshiharu

Impact of Orbital Hybridization at Molecule?Metal Interface on Carrier Dynamics 2019

The Journal of Physical Chemistry C

25877 25882

DOl
10.1021/acs. jpcc.9b04231

Lian Zichao Sakamoto Masanori Kobayashi Yoichi Tamai Naoto Ma Jun Sakurai Tsuneaki Seki 13

Shu Nakagawa Tatsuo Lai Ming-Wei Haruta Mitsutaka Kurata Hiroki Teranishi Toshiharu

Anomalous Photoinduced Hole Transport in Type 1 Core/Mesoporous-Shell Nanocrystals for 2019

Efficient Photocatalytic H2 Evolution

ACS Nano 8356 8363
DOl

10.1021/acsnano.9b03826

Kawawaki Tokuhisa Nakagawa Tatsuo Sakamoto Masanori Teranishi Toshiharu 141

Carrier-Selective Blocking Layer Synergistically Improves the Plasmonic Enhancement Effect 2019

Journal of the American Chemical Society 8402 8406

DOl
10.1021/jacs-9b01419




Lian Zichao Sakamoto Masanori Vequizo Junie J. M. Ranasinghe C. S. Kumara Yamakata Akira 141

Nagai Takuro Kimoto Koji Kobayashi Yoichi Tamai Naoto Teranishi Toshiharu

Plasmonic p- n Junction for Infrared Light to Chemical Energy Conversion 2019

Journal of the American Chemical Society 2446 2450
DOl

10.1021/jacs.8b11544

Sakamoto Masanori Kawawaki Tokuhisa Kimura Masato Yoshinaga Taizo Vequizo Junie Jhon M. 10

Matsunaga Hironori Ranasinghe Chandana Sampath Kumara Yamakata Akira Matsuzaki Hiroyuki

Furube Akihiro Teranishi Toshiharu

Clear and transparent nanocrystals for infrared-responsive carrier transfer 2019

Nature Communications 406
DOl

10.1038/s41467-018-08226-2

Zhang Jie Kouno Hironori Yanai Nobuhiro Eguchi Daichi Nakagawa Tatsuo Kimizuka Nobuo 7

Teranishi Toshiharu Sakamoto Masanori

Number of Surface-Attached Acceptors on a Quantum Dot Impacts Energy Transfer and Photon 2020

Upconversion Efficiencies

ACS Photonics 1876 1884
DOl

10.1021/acsphotonics.0c00771

Wang Li Takeda Shohei Sato Ryota Sakamoto Masanori Teranishi Toshiharu Tamai Naoto 6

Morphology-Dependent Coherent Acoustic Phonon Vibrations and Phonon Beat of Au Nanopolyhedrons 2021

ACS Omega 5485 5489
DOl

10.1021/acsomega.0c05806




M. Sakamoto

IR-light to Energy Conversion

The 3rd International Symposium on Recent Progress of Energy and Environmental Photocatalysis

2019

2019

M. Sakamoto

Plasmonic p-n junction for infrared light to chemical energy conversion

2019

20

2020




M. Sakamoto

Plasmonic p-n junction for infrared light to chemical energy conversion

The 2nd CSLT-CSJ Joint Symposium 2021 Catalyst for Energy Conversion and Storage

2021

1
Masanori Sakamoato 2020
Springer 593

Photosynergetic Responses in Molecules and Molecular Aggregates

2
PCT/JP2020/038907 2020
PCT/JP2021/015365 2021
0




Universidad de Castilla la
Mancha




