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In this study, we investigated the SAMO (Super-Atom Molecular Orbital) which

is a spatially extended non-occupied molecular orbital, of a high-purity endohedral lithium
fullerene film. This research has revealed the possibility of using SAMOs for electron transport,
which has been an issue in organic electronics. Through this study, we have succeeded in preparing a

delocalized state of SAMOs in high purity thin films of Li endohedral C60 and C70, and have
measured the SAMOs at the molecular level. In particular, we were able to analyze the relationship
between SAMO and Li atomic positions by quantum chemical calculations, and were able to propose a
method for controlling "SAMO in film films," which is still unresolved.



B X C—19, F—19—1, Z—19 (@)

1. WHFEBRMA S M OE

#8157 F#liE (Superatom Molecular Orbital, SAMO) (%, Rydberg #liED—FETH ¥ |
SFIMUNIRE IR ST IREAHETH 5, Coo FORMPMED BN FIZBWNTIE, 4
T H2 LSRN TR OKFF T IEIRE T 5(TR) &b, HICERSNTE
7o

O LD REIL, BHES T L OBV BRE WD, T ROEMBEIZFAT 5
AT L7 bu=7 AR TERTH 5, EBRICT, Co HIFKIZF T SAMO 728 H H
BAHIRN Y REIGRT 2 & OWEE LBV IZ, 27 XL HFEIcEIT 5 SAMO O
BAARE D AR, BFS THTO SAMO %41 L= B 1B 0 AIAEHE[3]7 &AM
FREENE, LHL, L ONTO SAMO DRV F—[FEZEHLICI | REET
HD1, TORMIXB A, FHIZO L O THEECTH 7, ZhUSxf L, Li &N
L7z Coo (Li@Ceo) TlE. SAMO DT H/LF— N KIRICZELTE 5 2 MRS, %
OFIFNHHTIIFFBEE > T D, LA L Li@Ceo 1 IFERAR & HEENHEH ICREETH D |
MERCHIL L LT T 2RI TIdAed o7z, ZAUTxE L, 2010 45, 45/ 5 (1 H0F%E
#) D Li@Coo DK IARL & Hi((LI@Ceo)PFo ) & L TOWBECHI L, HUCE 722 &
T, Li@Ce DWFFEDIEFE NN TE TV D, HEE ’ CoBETHTHE (SAMO) ‘

F oI, S & OHFRFEICEID ZRETIZZO '\
S Li@C60 %4y L CHRAMIC RS T 2 Hifli & e z@; Qﬁ
SEL7, THERIAL, &REMSERICESE L 2
Li@C60 DEEBIZIC X 5 EIREMMNT 2328l L C

&, COFEEBUE, WADBE 7 A—TIOH 0 D e e v
SHIRDH TN D,

2. WEDB

CORICESE, HEEE 1T Li@Ce0 HiEZFIH Lz THEERE D SAMO| Off
JEREBIZ A M LT, ek SAMO [ZLICKMTFOmtic kL visisnTa/iz, Ll
SAMO Z AT L7 b r =7 ZSHT 2720121, @ERIRTED 75D SAMO DO PEfE
LA METH D, 2O TEREHERED SAMO] OFFIFEH O 72 | A4F5E Tk, Li@Ceo
A M EER L, £ SAMO OESEFEHIC LY, SAMO D= RLF— 2[5y
i, FFn, EEOEARE~DOREL TN TN LNNCT 5, FRFIC Li@Ceo DILFAE
iz 6O 7 Li OIRREHENC L 2 B> SAMO oMl 4175, £7-. #EoO SAMO @
HEMETRLIC K 0 EBRAREET 2,



3. WHEDTTIE

ABFZEE, WEZ Fs, BB GRAERT) | A (KEK) 2 #9854 | A Kuklin(KTH,
Sweden), 52 (f77) ZHFZEWHS1#H &9 5 Li@Ceo DREFIZEMNIC LV EITT 5,
BFZEE (17 VR RS (L], [2: 785 SAMO o Rs% FHI(IL T fa A Kuklin) 1,
[3: kAR (B3P, %) 1. O =7 oA XEZTNENMEILT 4 — R w7 LB
1T %,

4. WFIEERH

AWFFEFTE IS FLH L 72 ENEIZLAL T O (D) -(3) Th 5, LA FIC T E D FHE OHAF
FERRR R~ D,

[1: EFVEEER] ~Li@C60 HED/ERIL Li@C60 & A RDH|fH~

ZOEEIZEBW T, AFIEEATOIZDICHE L IR DT VEREEERIT 2 2 L4 H
FeL7-, FlZ, Li WEREZED DO DOREEDOHES. 2 B L,

Li@C60 |%. Li@C60 L b v v ¥ —7 =4 L DO TLENL SN TS, 4l
FESIZEY, Li@C60 &FHAMEH O EIF9 Y Bis(trifluoromethanesulfonyl)imide
(TFSD % & by /e Li@C60-[TFSIEL G L, ZDEZEKELZRALT-L A, BEFED
Li@C60-[PF6]#z L v HAKIR TO Li@C60 DARENAIHEL 72~ 72, A TFSI #5723 &
DGR CHIRMICHRETE DD TH D, ZORE, FEFITHEME D Li@Ce0 #iE 4 H
ZERBIC L VIERS 2 2 LN T, BITORER, Z OO Li@C60 DN EHIL 80
Nt NUAETHD Z ENERIN, ZNETOE%NOLRIBIZH ET5Z ENTX
Tz ZOREREwmICHER L], ZoRRITAFITERHETLEIY EF b,

[2 : K SAMO DREEERTHI] ~STMIZ K B0 F&H#l & . TR-PEEM (T X 2 BeZEfEHHI~

ik &Y Li@C60 O i BN Eli CE 72720, ZDEFIREBOSF LD
BISENFREL R oTc, ZTHUC KD, ARWFFEEIE O S EHERHS ThH STM & Hu 7z
SAMO DO ABIEEMN R T 7=, Z OfER Li@C60 @ KD SAMO| MIEFIZIER
AL L TV AR TR D MRSz, 72720, T ofER, EEICIERE L
SAMO O R AF—[IYUHOHFHHEATTE INTVDIFE LIS LTV
TENHELNTAR 5T, THICITEREIC L 2 & THA Li OALE D EE O Li@Ce0 7>
SEAEL TS Z ERNERFNTH D Z L2 HmitRICk v RLERL b ofER
kv, EEEP O Li OMCEFIEIC XD SAMO OflElEDIE# 2155 Z LN TE -,

—Ji. P& LTz TRPEEM TOS HEHAIZ DWW TIE, #2702 28 ~ O GBI
DORENR DY . +FERPTE o7,

[3. RG] ~Li@Ceo OHFEIRREMIE, HEOHIH~
ARFFERANE. BB 512 K5 Li@Ce0-[TFSIIHE O KA d EBUT X 0 BT 0 AT HE
ElpolebDTH D, £, BB LT LI@C60 LIAHZ b, Li@CT0-[TFSIIE DA I b



I L TERY . RO B A2 B 52, —HERZITV, Li@CT70 K & 22 E /)
/LN D LT TETCWD, ZOREIFFRFE LISl FERCEBERETF T
H D4l

AWFFETIL, 4P)FHEE Y EiED SAMO (2B 2 FEH I EE TR RN E O
Teleh, 2B OMREREMTLZ ENFHEL o7, SOk AE - E L
T, WD EAGEE LT, RHFESEROOZE (BIFR) (8- 7epfseie e TBE T
FHLE (SAMO) LFOBRHR] NERE[5], & 51T, AR THE LM RIZES
&, HHT27 SAMO DA A=V 7k R Uic, ZHICE L THIREMmIC A #®mE L
=16l

[1] Direct Visualization of Nearly Free Electron States Formed by Superatom
Molecular Orbitals in a Li@C60 Monolayer

Naoya Sumi, Artem V. Kuklin, Hiroshi Ueno, Hiroshi Okada, Tomoyuki Ogawa,
Kazuhiko Kawachi, Yasuhiko Kasama, Masahiro Sasaki, Pavel V. Avramov, Hans
Agren, Yoichi Yamada

J. Phys. Chem. Lett. 2021, 12, 7812-7817

[2] Superatom Molecular Orbitals of Li@C60: Effects of Li Position and Substrate
Kuklin, Artem; Suresh, Rahul; Shimizu, Konoha; Yamada, Yoichi; Agren, Hans

J. Phys. Chem. C 2022, 126, 37, 15891-15898

(3] [22p-C106-6] Li@Cro DEBRF 3 FHIE (SAMO)FHH — ZARIKFHE

Ol 7= -t dbg KM 2, I Fneh t, K& ZEfn L JEK 413 xR IEFE
I FnZ s, SRR 2 8. ERE St 2l B AR 2

[4] Superatom Molecular Orbitals of endohedral Cs2

Rahul Suresh!”, Artem V. Kuklin2*, Yoichi Yamada3, Sergey P. Polyutov!, and Hans
Agren? (Submitted)

[5] TEJEF5F#0E (SAMO) L¥oBh) (LH, &) 22K18268

(6] Field Emission Angular Distribution From Single Molecules

Yoichi Yamadal!, Ryohei Tsuruta!, Yuho Yamamoto!, Yutaro Ono!,Tomohiro
Nobeyamal, Masato Iwasawal, Masahiro Sasaki!, Rahul Suresh?, Artem Kuklin®

Hans Agren’Carbon (in press)



12 10 5 0

Sumi Naoya Kuklin Artem V. Ueno Hiroshi Okada Hiroshi Ogawa Tomoyuki Kawachi Kazuhiko 12

Kasama Yasuhiko Sasaki Masahiro Avramov Pavel V. ?gren Hans Yamada Yoichi

Direct Visualization of Nearly Free Electron States Formed by Superatom Molecular Orbitals in a 2021

Li@C60 Monolayer

The Journal of Physical Chemistry Letters 7812 7817
DOl

10.1021/acs. jpclett.1c02246

Iwasawa Masato Tsuruta Ryohei Nakayama Yasuo Sasaki Masahiro Hosokai Takuya Lee Sunghee 124

Fukumoto Keiki Yamada Yoichi

Exciton Dissociation and Electron Transfer at a Well-Defined Organic Interface of an Epitaxial 2020

C60 Layer on a Pentacene Single Crystal

The Journal of Physical Chemistry C

13572 13579

DOl
10.1021/acs. jpcc.0c02796

Panigrahi Debdatta Hayakawa Ryoma Fuchii Kota Yamada Yoichi Wakayama Yutaka

Optically Controlled Ternary Logic Circuits Based on Organic Antiambipolar Transistors

2020

Advanced Electronic Materials

2000940 2000940

DOl
10.1002/aelm.202000940

lgari Tomoya Nagao Masayoshi Mitsuishi Kazutaka Sasaki Masahiro Yamada Yoichi Murakami 15
Katsuhisa

Origin of Monochromatic Electron Emission From Planar-Type Graphene/h-BN/n-Si Devices 2021
Physical Review Applied 14044

DOl
10.1103/PhysRevApplied.15.014044




Akaike Kouki Hosokai Takuya Ono Yutaro Tsuruta Ryohei Yamada Yoichi

Increasing Electrode Work Function Using a Natural Molecule

2022

Advanced Materials Interfaces

2201800 2201800

DOl
10.1002/admi . 202201800

Hayakawa Ryoma Takeiri Soichiro Yamada Yoichi Wakayama Yutaka

Surface Potential Visualization in Organic Antiambipolar Transistors Using Operando Kelvin
Probe Force Microscopy for Understanding the Comprehensive Carrier Transport Mechanism

2022

Advanced Materials Interfaces

2201857 2201857

DOl
10.1002/admi . 202201857

Kuklin Artem V. Suresh Rahul Shimizu Konoha Yamada Yoichi ?gren Hans

126

Superatom Molecular Orbitals of Li@C<sub>60</sub>: Effects of the Li Position and the Substrate

2022

The Journal of Physical Chemistry C

15891 15898

DOl
10.1021/acs. jpcc.2c02098

Hayakawa Ryoma Takeiri Soichiro Yamada Yoichi Wakayama Yutaka Fukumoto Keiki

34

Carrier- Transport Mechanism in Organic Antiambipolar Transistors Unveiled by Operando
Photoemission Electron Microscopy

2022

Advanced Materials

2201277 2201277

DOl
10.1002/adma. 202201277




Iwasawa Masato Kobayashi Shinnosuke Sasaki Masahiro Hasegawa Yuri Ishii Hiroyuki Matsui
Fumihiko Kera Satoshi Yamada Yoichi

13

Photoemission Tomography of a One-Dimensional Row Structure of a Flat-Lying Picene Multilayer 2022
on Ag(110)
The Journal of Physical Chemistry Letters 1512 1518
DOl
10.1021/acs. jpclett.1c03821
Yutaro Ono, Ryohei Tsuruta, Tomohiro Nobeyama, Kazuki Matsui, Masahiro Sasaki, Makoto Tadokoro, -
Yasuo Nakayama, Yoichi Yamada
Partial Hydrogenation of N-heteropentacene: Impact on molecular packing and electronic 2023
structure
arXiv -
DOl
10.48550/arXiv.2305.12791
Yamada Yoichi Tsuruta Ryohei Yamamoto Yuho Ono Yutaro Nobeyama Tomohiro lIwasawa Masato -
Sasaki Masahiro Suresh Rahul Kuklin Artem ?gren Hans
Field emission angular distribution from single molecules 2023
Carbon 118215 118215
DOl
10.1016/j .carbon.2023.118215
43
2023
32-36

DOl




17

Li@c70 (SAMO) @
2022 69

2022

2023 70

2023

2023 70

2023

1
2023 70

2023




2023 70

2023
KFM

2022 83
2022

BTANC
2022 83
2022
Li@C70 SAMO)
2022 83

2022




FEM

2022 83
2022
CeB6
2022 83
2022

Graphene/h-BN/n-Si

2022 83
2022

(TADF)  4CzIPN
2022 69

2022




Ag(110) Picene

2022 69
2022
2021 82
2021
C70
2021 82
2021

Debdatta Panigrahi Ryoma Hayakawa Kota Fuchii Yoichi Yamada Yutaka Wakayama

Development of anti-ambipolar transistors Part V: Application to optically controllable ternary logic circuits

2021 82

2021




Li@C70

(SAMO)

2021 82

2021

(Ueno Hioroshi)

(00775752) (11301)
(Fukumoto Keiki)
(20443559) (82118)




