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Study on the Gap Renormalization and the Property Change for Molecules Adsorbed
on Surfaces
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In charge transport through molecular films, the highest occupied orbital
(HOMO) and lowest unoccupied orbital (LUMO) levels receive different electrostatic interactions from
the electrode substrate because holes/electrons flow in these levels. Therefore, the energy gap
between the two orbitals changes with the distance from the surface, i.e. gap renormalization.
However, this phenomenon has not been sufficiently discussed. In the present subject, we aimed to
elucidate these phenomena through comprehensive experiments and constructed several apparatuses to
measure the HOMO/LUMO levels and the properties (electrical conductivity and optical properties) of
functionalized self-assembled monolayers.

HOMO-LUMO /



Bk X C—19, F—19—1 (Jtal)

1. WHEBHAR S DT 5=
T RARTBNT, 32RO NI EE

PELYER L/ 3SR THY | oy 1 O f b A ELE HAE
(HOMO) D 22725 F e AR 5 A #LE (LUMO) & & T e e Evec
FYEN D EMER TR RDONTND, —fEIZ, 7 T e

J& CTEIBENEA D4y 713, BB D726 3 8
BT CEAINEE (ST 5720, T BHEIEOEE BERE
fbAZiZ, Btk — W& oy - T O BAE ] O BRAE DS R 7] R Gap Renormalization
Thd, 7 FEBEENZENIBEIT5EX, HOMO, -
LUMO (ZI3fF 5D R sE M (ZZE N ELL, 1) 0
TADT= | FEARIEAR D52 T D EFEE A7 BAER 23 5
7 45 -85 L YR 2 N 5

fE)D‘ Eﬁ;j;ﬂj;%ﬁi?:;ij i_ fﬁféé{gfiﬁé B SRR CAELDF 7Y /P
Renormalization) | EFEIE AL, 2R ETIZH LT LI ;;Ej;;;ﬁ;iﬂif&fodz#g 151&7:? ;;i ;jgﬁ
NWCTETN, RIEH D 7RBMRITIZE S TR, R LTI TN ML 7 BT B,

2. MEOHD

Xyo N ) =<V —ar OFERPEERNSTZRKEL T, #EkZE Tk, (EDHLSICX
5)LUMO YERLDOIEHRO KNSR, W75 55 ORISR L O ECTOBED EfE/2 EHRO R a0, S5
T YENL S CEFEME O R R A4 A IS EHRIL 72 R JE 3 B 6D T 7o T2 2 E b T B
%o ZZCABFZERE CIX, REWE D I128B1F5H HOMO/LUMO Y7 & Ht b ol DB %k L
TEEN BB T AL, [R5 18R LR — 2 7 OB B IO
W s 2 3 HIL T Xy 7V ) —< U P —2a DB RIE T M~ B2 R S HI /A 5
ZEEBEMEL,

3. WrgED Sk

Xxo N )=~ —ar NBIET 0 FPME~D BB EINTHEA T 512, F9ERERED
KIEDPOOEEEOHIFE N EE CThH D, 2L, BRICHERE TRIGLIET VAT AT — N Ok
{LES FIRSAM)DIE N B T D%, LLRTDTR 2 OBFFE CTHERL Tz, ZNEISHT 2T
AW B A RO T, o, IVEEREREZ A THOEREOERLEETHY, AFEOF THED LT
LINTET,

— 5 BUENL LM MECE RIS R 8 B IITHFZE T 572012, BIIZ G >T- SO HIE T
OSSR TR CThD, £ T, B eV Al W5 4y AL TR W E 2R3 LU N 03k
BTG HZFHE L,

(A) FEEHHEMLUMO #hr) & (a) 2)FEF@QPPE)y Ot

(B) A HEN(HOMO HELT) & (b) FAMLE T EUPS)

(C) Frhi—4y Mo & Rp itk & (o) EEFRVEERSYIE(STM/STS)

(D) WA 5y WL RE S (D) ZE5E5EDRS)
—#IZ, (A) LUMO YERL O FH I FETA D TlEdH DA, YHFZEEICIT (a) 2PPE 3G EEE R HY, Zh
ZREARAIICIE L7z, &£72. (B) HOMO AL OWE F{EEL T, He IEEZ HV 2 (b) UPS #iEdH
Lo UL, ZOEE IS T A= h 5.2 52 ENESNTEY, AL CITEREREA2 A 551
L6 AR BB UPS & O & HARL7T=, £7-. (C) i FEE A ORIE 12T, BEFD
(c) STM 2EEZE H LT, ZEEIXTALE T, B JE(STS)WIE DMERE DS HEL S AU Tl o T’ Ttk
E U B (di/dv i) DS HND IOITHERL CTHFgE &2 b 7=, <2 T, (D) ErWE Wtk
PERIE DWW TIE, H7212 (d) DRS EEZH B, BB OG5 RN T&EB I, HIE
SEEOMNLZ BIE LT,

AWFZEHETIX, ZNOOEEEABEL T, F A LM CEEME SR O & B 2 D
Xy ) =< — a0 E BFELT,

4. RFFERRE

AW TIE, EREDIHIC, BEFEE OTRIEEITI o LB 7=/ 23 2 Bl 5 9 2 E T IEMESL O
oye, HREIEE TR L CTE - EM M2 T R DEHRI ST DOF 5 D 2R OFEZ L EL TS
DT, TDOH T, Fl=/2 0 FHREBE R 3550 TIROREIZ OV THREDELNT=ZDT, LLFIZE
NENERT,



(1) W& TFIEMN

AWFZERRETIL, FH M L724FEORIE FHEDOW., (b)~(d)D SFED I & THLIE S H - e 1T o 77,
AFRBEINE 2020 FFEITERIREN AL — R LT, B A7 3 H R an T ¢ )V RAEGEIZ L D/ T Iy 73
EZSTETHY, RFECOIFEERITLELD . MiROEEL, Mo EmEL AL, YO T EDOEE L
BIEZRAS T ENTER) o7, 0 TH, M 24 O35 E OREEEIT I L2 2R CE 7 SUTRHMIIC
BETHHOEAALTND, 1272, TNODEENREDOX vy 7 ) —< VB —a O E 5%
PRINHSTEZ R, DA ADFRD THD, LNLINLOEET, HEEE DA %O FREINC BT, F
ro 7V === ar OIS SbL O EIENS b FiT- e BE RS REN IR p2 L
DRSNS, ENENDOEEREE ORI A IRITRT,

ARIRECTHEL T ELZIE FIEOF T, IiBIEFRICNL D EXRS7201%, (¢) STM 2 & 1235155 STS
B EHRED ST Tho7o, ZOWETFIEOJFEIIBEICHENLL TRY, BEEE GIIMIE 5 oLIz>
WTHIER SRR DD -T2 2 LD | AL — R ITHER T D LN TE, BRI, #iiz/e0 THERED A
HT DR 72Tl ZOREREZTE H L CTHSRENE 7 7B 1T DB BRI OFEA 2 B 352 L3 T
7= (1BR) , AHEREIZS % vy TV ) —< U —al OO L5 K x eI 31T T
REEL DT ZENRWICHIR RS ND,

BHIEELEZON (b) B2 UPS 2EE ThoT-, AT EDEZZEESN LUV = 3
NETH ST 720 A I LD O IENT OB Z R T M OB AL, L, M
LN T L DMRR NS EEHE OGS ENTTZ0  Ab T DRBNELFE R L 5T, T T,
FTICRR IR E ITHLAATE VUV 7RI, BEFEEIC T v N D2 e a2 MR T 5N TE, A
RO IR Z IR T 2N TE R o7y, SRITHREEZ VST W L T4 —/0 SAM %
NR— 2L U RENE B4y IR D B - HENL DO E IR R A R IE 50 0 LS D,

—7.(d) DRS HEEZH RT3, EBEFOLOICHOWTITMREEE B Thot-, HEEITEzed
DFHI2HT KESCTEME PIZHDFREHIIT LT, I EH 200~800 nm D JAVVEFE TH IR0 S A
ARIMVEHAINR TEAMHEREE FEBLIL TD, Ll BH T CELHEERB N R ERICF->T»
HZED, FHEI O BRI TV, REOMVEREFHBIC B W THE R RO AT VB /NS
<7< BUREL TR BN RINE R 07 1 IRD 2P EX G et D252 IRETHY, Frv T
V) =<V B —ab O T T EL TV /NG T 670555 1 B~ AT E L/~ Te, 5%
FEEREOR HEART LD IR 2l — 2 al pEa e B L CHEEER O FiEEmS L, vy 7))
—< U= a BT DR AL DI IR LT T,

(2) HFIEOFHESH

T IR E A ERLEMPEIZ DN THT R BE1S7-DI1Z, (a) 2PPE /3 tEE@E 2 W EBR Th o7z,
— R BB VTR DS 1T, B AN R — B L E 7R FE AR D BB - UENT ~EAE A E S
THZILR, MBI TR LF —BEIL TERIELCLEI =D Bl REA MR T 52 L <, 38t
NREZLL FFHIENHLINTND, ZOBRIT, A1 EL 7 A A RO &% b2t o
THY JENEEN T, ZRIUSKIL ., 2PPE e EBROH T, AL RN FF R 78 O—ERD
FENNT FIZBWT, REICELZ1E B R e e 2 e RS (). Phys. Chem.
C 2020; [A 2024), AFFETIL, BhEIKIEDE FYEAL D A 72553 FRLANRE S FE LSRRI R EL
T A FRRABHEES>TNBIEN RSN, <A T EFIRELL o ~—RELRESN
LN DHEONDHZEG LB T LR /> TR, ZOF v~ —REELZ VX — B BB R EY
P28 Rl D BIREMEIZOWT, S % OIS D,

(3) Hri=ielr FHEREA A T 55 I OMEEE LEAM

TEE OREZEELWATL THED TR L LT, HiT2 oy THEREE A T 50 FIROREERHDH, ZHHTIX
RERBEREHY  AWFZEHE TS FIF7- (¢) STM/STS (&I L8 E M AL E DI -
“o ZOMETIL, KFEHT AL H)VDRF—451/ T 787 Z—13 1070 0 FIER T, H AR
AN EISE, 2 FOEEEEZGIE T2 L2 AT, FZBRTIL, STM &% - E R RgIc I -
T FHL @ISR UG E D HY , STS HEEEIZL» CEERHMEDOELNFEIES N (T H ., R
Fim XL TR TIE) , <bx T HT 7872 — 00 FOZEWICEHL Y, 77877 — 00 FIRD K
TV INATINBED FEER LB GRFH R O R DREA T AN TE- (IHLHUT B, JFREim LEL T
BRETE) . Lh HT VB2 —5FOREMITIT., RO T o VMG S IV RERICH S H
N5 SOMO HEN.DARRINLE AN H-L TWBZEN, BiaFHRNOHEE SNz, ZDZ &, T90
JVIRREICH A B REELER MO HEBEOTIEIZL > T, Frvv 7V ) —<UEB—Ta RN 8L  H B )
FRF A B 3522 RERT 50O THY, A% OMERICEIEN S T2 D, ML T-EEZTEHL,
L% BIBIIHFE R Z R LT2 W B 2T,



10 9 2 0

Nojima Shuto Murase Natsumi Kim DaeGwi Kato Hiroyuki S. Akai-Kasaya Megumi Yamada 128

Takashi Shibuta Masahiro

Probing of Photocarrier Electrons and Excitons at an Organic Monolayer Film Studied by Two- 2024

Photon Photoemission Spectroscopy

The Journal of Physical Chemistry C 2043 2051
DOl

10.1021/acs. jpcc.3c07596

Murase Natsumi Kato Hiroyuki S. Akai-Kasaya Megumi Yamada Takashi 830

Real-space structural characterization of benzene monolayer on graphite (0001) surface 2023

investigated by low-temperature scanning tunneling microscopy

Chemical Physics Letters

140815 140815

DOl
10.1016/j .cplett.2023.140815

Li Han Shibuta Masahiro Yamada Takashi Hojo Hajime Kato Hiroyuki S. Teranishi Toshiharu 126

Sakamoto Masanori

Band Engineering-Tuned Localized Surface Plasmon Resonance in Diverse-Phased Cu2-xSySel-y 2022

Nanocrystals

The Journal of Physical Chemistry C 8107 8112
DOl

10.1021/acs. jpcc.2c01149

Yamada Takashi Tawa Takenori Murase Natsumi Kato Hiroyuki S. 157

Formation and structural characterization of two-dimensional wetting water layer on graphite 2022

(0001)

The Journal of Chemical Physics

074702 074702

DOl
10.1063/5.0097760




Muneyasu Riku Yamada Takashi Akai-Kasaya Megumi Kato Hiroyuki S.

24

Self-assembly of heterogeneous bilayers stratified by Au-S and hydrogen bonds on Au(111)

2022

Physical Chemistry Chemical Physics

22222 22230

DOl
10.1039/d2cp03356a

Yang Jinpeng Sato Haruki Orio Hibiki Liu Xianjie Fahlman Mats Ueno Nobuo Yoshida 12

Hiroyuki Yamada Takashi Kera Satoshi

Accessing the Conduction Band Dispersion in CH3NH3PbI3 Single Crystals 2021

The Journal of Physical Chemistry Letters 3773 3778
DOl

10.1021/acs. jpclett.1c00530

Okaue D. Hayashi R. Wakayama K. Ito N. Munakata T. Yamada T. 709

Lateral Distribution of Optical Excitation at Boundaries around Rubrene Islands Visualized by 2021

Microspot Two-Photon Photoemission Spectroscopy

Surface Science

121847 121847

DOl
10.1016/j .susc.2021.121847

T. Yamada, K. Araragi, H. S. Kato, T. Munakata

124

Structural Characterization and Photoluminescence Properties of Monolayer Perylene on Graphite
Surface

2020

The Journal of Physical Chemistry C

12485-12491

DOl
10.1021/acs. jpcc.0c02419




T. Kirchhuebel, S. Kera, T. Munakata, N. Ueno, R. Shiraishi, T. Yamaguchi, K. Yonezawa, T. 124
Ueba, F. Bussolotti, J. Yang, T. Yamada, R. Mori, S. Kunieda, T. Humpfner, M. Gruenewald, R.
Forker, T. Fritz

The Role of Initial and Final States in Molecular Spectroscopies: the Example of 2020
Tetraphenyldibenzoperiflanthene (DBP) on Graphite

The Journal of Physical Chemistry C 19622-19638

DOl
10.1021/acs. jpcc.0c05448

56

2021

88-91

DOl

26 0 5

M. Muroyama, S. Watanabe, Y. Kanematsu, M. Tachikawa, M. Kasaya-Akai, H.S. Kato

Potential of charge transfer at the hydrogen radical addition to functional molecular films

Annual Meeting of the Japan Society of Vacuum and Surface Science 2023

2023

M. Muroyama, S. Watanabe, Y. Kanematsu, M. Tachikawa, M. Akai-Kasaya, H.S. Kato

Study on hydrogen radical reactions in a functional self-assembled monolayer: Examination of potential of charge transfer

36th International Microprocesses and Nanotechnology Conference (MNC 2023)

2023




2023 ISSP

2023

2024

2024

H.S. Kato, R. Muneyasu, T. Fujino, A. Ueda, Y. Kanematsu, M. Tachikawa, J. Yoshinobu, H. Mori

Field-Induced Response in a Self-Assembled Proton-Donor/Acceptor Bilayer on Au(111l)

The 22nd International Vacuum Congress (1VC-22)

2022

2022

2022




2022

2022

2022

2022

2022 16

2022




2022

2022

2022

2022

2023

2023

2023




2021

2021

2021

2021

T. Yamada, T. Tawa, H.S. Kato

Correlation between Superstructure, Photolumienscence Properties, and Excited-State Dynamics of PAH Ultrathin Films on
Graphite

The 10th Workshop on Advanced Spectroscopy of Organic Materials for Electronic Applications ASOMEA-10

2021

H.S. Kato, A. Ueda, T. Fujino, Y. Kanematsu, T. Yamada, M. Tachikawa, J. Yoshinobu, H. Mori

Self-Induction of Radicals in a Self-Assembled Proton-Donor/Acceptor Bilayer on Au(11l)

The 9th International Symposium on Surface Science (1SSS-9)

2021




R. Muneyasu, T. Yamada, H.S. Kato

Study on Self-Assembly for Functional Heterogeneous Bilayer on Au(11l)

The 9th International Symposium on Surface Science (1SSS-9)

2021

2021

2021

H.S. Kato, A. Ueda, T. Fujino, Y. Kanematsu, T. Yamada, M. Tachikawa, J. Yoshinobu, H. Mori

Self-Induced Radicals in the Electron-Proton-Coupled Molecular Bilayer on Au(111l) Surfaces

Materials Research Meeting 2021 (MRM2021)

2021

2020

2020




Au-S

2020

2020

2020

2020

2020

2020

R. Muneyasu, T. Yamada, H.S. Kato

Self-Assembled Hetero-Bilayer Stratified by Covalent and Hydrogen bonds on Au(11l) surfaces

Joint Symposium of JSPS-DST Bilateral Research Project “ Charge- and Spin-Blockade in Ultrathin-Layers of Single Molecule
Magnets”

2021




(Yamada Takashi)

(90432468)

(14401)




