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On-surface synthesis and investigation of electronic structure of higher acenes

and their metal complexes
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soluble in organic solvents and are unstable for oxidation. We were successful to prepare

_ Acene is a_compound with a structure of linearly-fused benzene rings. It has
attracted much attention as organic semiconductor materials, but synthesis and derivatization of

pentacene (N = 5: N is a number of benzene rings) and longer is difficult because they are less

bis-alpha-diketone precursor of nonacene. The precursor was vacuum-deposited on Au(111) surface and
converted to nonacene by photoirradiation under ultra-high-vacuum. The electronic structure of

nonacene and heptacene was investigated by STM and nc-AFM measurements. The comparison of

experimentally obtained energy gap with computed values suggested nonacene and heptacene have
singlet open-shell structure on Au(11l).




B XL C—19, F—19—1, Z2—19 (@)

1. WFFERRME L PO 5

1965 AR Tl S AL CTLLK 50 AERIEBL SN CTE 7o, PEEROEREICET S [A—7 Okl
MN2017 FICKREZLZ - EES SN, RA R 3 OFH LWOMEBISIC K& G~ EE -
TWo, PTHF I =R MB~OHFIIELS, RhLT 7 - "y X DT T T2
H—RoF ) Fa—T 7T 7x2F ) VRAGNR)DEKBEAENDEALTHDH, L, & -
MEOME X 72 GNR, FFicV 7 7=y o) 7 UAR(ZGNR)IL, EEMEAZ SO L TFHISND
DDxy VINT PN EHRD IO RLZET, BEEDKNETH D, N B U ER LITHHER
L7c7E1% ZGNR O3 HEETH Y . R mIcMiXLewEIIEMO Y 7 roy 75
7 xF 7 VAR(ZGNR) EMLENT D Z LN TE D, TV HITEN AR LT
FLSHEHENTOWAENR, XU HEUN=5UEOEKRT B ATBRIICH L TARLEETH DL Z L,
HRAIELICEHA TH D Z L O EROHER LN TH 5,

Fox 1 X MaiBRARIE] ZRIB L CL BiBULEMOE LAV 7 br =2 AT A 2D
2 AT KD RS A B L C & 7o, [RIBRATED &%, Ja. B & oS < sk v
REZREHASE DV E A S AV RIBRARIS . BHE « I - [EUA - R IR AR CTOMIII & 5 2 TGk &
L FIUSEORE SR - TR - BRUSEE - WX - R EOMBRIE 2 2L S ¥ 5 LT
b5, Foxr 2005 FITR X BT N OEIBMAD E BEIDERIGIZ X DX Z v B R R
L 72 (Chem. Eur. J. 2005, 11, 6212 Z£), Neckers <> Bettinger ©? 7 /b — 7 NETFEZIGH L TH
RT B THIAXTT DD ) THEUN=6~9)DALT MVBRHICEIILIZZ &b b
(Bettinger et al., Angew. Chem. Int. Ed., 2010 %) Z OFiBEAEOH HEIZATH 5, Fxld~T7 ¥
U DOFIERIREZ AR L, A A A Roman Fasel % & O LR EIC LV HiR ET~T X D—55
FENC LTI L 2017 4 8 HIZH#AE L7 (J. Am. Chem. Soc. 2017, 139, 11658), Z OiEFE T, 44k
WETOI 7 N URiBRIENS T &

VDRI, R T o )
<L BN - BEEHIMEIC K 5 TH TX R ity
B EERI LI, 2017 45 8 HIC N

L, A EE TR IR ETomR 6
TR BN RA EERERD Y
N—T XY STHTICHRE Sz
Dy, F OB EEITBT Dm0 I
TLOHESERINTE LT, HE
NN TH o7, 72, U7
2 RIBRALIT Au(111)iE 2> & 471

% CRFTEY S h—L L
iy BT (1) Bl we sty (F) Mol S

AL EMDTHIML, Loz —— REEWEE J Am. Chem. Soc. 2017, 139, 11658.

R THSE L, Txidihbo

WgEZ il U TR A RO R B & ATREMEZ AL L BTlmik T & AL B OB L T OET
IREBOMPICEM TE D BRI,

2. #FFEEDOHW

ARFZE T, BE OWET CORIETIE AR L WERT 2 ORER EARIEE#L L, 2
NETHBUICTHEIN TWEEKRT B OB T#EEE2FEFET 22 E2HMNE L, FFkx
NRELEEFRFE2 ) =T8T 04 A~—DBFHEENOLT y VOKNEEZZLZ L,
ZGNR OREEYHEe= v VORKIGHEICET MRz L7 ha=7 X - A hu =7 2
~NET =Ry I7FTBHEEENE LT,

3. WrgED Ik

AT ARE] ZRA LT/, TR R EDERT B O a-P 7 b UHIBMAD B RIEZ TS L, £
HEFFEDEZE T D A A A R. Fasel Zf L OILFEEICLY . P4 P Uopiik Lz BEEZET
Au(1IID)EER ECTHEHNT LT, 2RV ERKRT o ~EfT %, 88T 0 — 7 B
(STM)X°/ > a2 v &2 7 b ET-R B (ne-AFM)IEIC L 0 BB T IREZ A & M2 5,

T, AT H OV T aEHiEEAE Au(ID)RE ETNET D L ~T X7 N EaEE X
Niz~72v o4 ) I~—TlE7%e<, @RT1TE2V D=L T D5~T Xt —GBAEERNERT
HZEERMLE, ZO7 B OEFEEESHEEZHGMNI L, GNR B~DfFET25 L &
HIT, LT EERORIRICE R ST S,

4. WFFERCR

(1) 7 OB -G

J I v DRAEED BRI L7z (K 22553 1. ZONBRAZ BEE T, Au(111)
W ET 470 nm ORI ERET AL ) T2 ACEBmEI N (H 2, c; AA A Fasel B H D &
SEFAFIE) . @IRRIE SIM TBIZ L7L 2 A, /B UIE, 0170 95%0, ~7 X0 60%A°
Au(111) i G Au Adatom EFEEMEHILTWAZ ERNEEIN(K2d)., /FEro~T X B



NI AN EORTNWDZERRBENT, B, AT HBE TRy a X H
U ZOPEIZ L Y HOMO & LUMO OfE A EBRFIC RIS L VEtRE L i L ZAF o XL
DEWT BT Au(111) B E TR —EIRETH 2 Z L 2 EBRIMICEA L7 (K 2e-g),

AT, hy, or
o) 0 STM tip
“G“ e COCCOCOC0

. o (9
(e) Nonacene (f) Exp. dlldV Cale. alidV e p———
!—‘H
o
- A \.n g 2+
£l ’ T —
5 \ o 3 15
F-] - » o -
A \,\_ N ; W
>
>
5 e 1+ 4
3
Au(111) !
06 0 06 12 05T 7 8 8 10
Sample bias (V) N

2 (HIEEEND T ~0 AuQID)FEWR ERIS. (ORISR, () 7t (d) Auadatom &FHEAEH
LTWE/FTEVYDSTIMA A=Y, JFTEVDEaarZ s 22 () ERBIOHETELNLER
D HOMO & LUMO @ DFT + X =2 L—3 5 2, (9T RAF—F ¥ v FOEREE) & B— BIEREE
(H) L HBEE (Br ) OFEME, BN EZT7 B O_UBUBROE, Nature Commun. 2019,10, 861.

(2) ~"THYBLDOVT aERIBRMAE AT EEIRO AR

NIRRT aERiE AR ETNAT S L AT A de—DRb DIz, LD
BEBRNTEL X DN, F—7 = =/MREHZEE L, R ETNET 5 Z & TEDORICEE
HLIZEZ A, l3_r¢i5&+/%L¢ﬁ%%ﬂt(?tmoLkﬁof\mlfmfy
YA A —NELNR ST DT R I DOKEDOTEKBEBEICL LD THY . HiREDOK
MEIE T THD ZERHLMNERD %@ﬁ&i7771/+/9$y$%A?yf%ﬁ
BRI L2 33 1T 2 RiTBRIR D 12 %Lf%gﬁﬂﬁﬁﬁgnko

(a)
o
he
ey N
A NS D
BN
‘ﬁ Br
@ L 423K /

Aul111)

K3 ~THeLITaERREEZ—T 2= U BIER EAKR LT S BERD@B AT — A, (b)E
R STM A A—37, (c) nc-AFM A A —3, ChemPhysChem 2019, 20, 2360.

1) José 1. Urgel, Shantanu Mishra, Hironobu Hayashi, Jan Wilhelm, Carlo A. Pignedoli, Marco Di Giovannantonio,
Masataka Yamashita, Nao Hieda, Pascal Ruffieux, Hiroko Yamada,* Roman Fasel* Nat. Commun. 2019, 10, 861/1-9.
2) José 1. Urgel,* Marco Di Giovannantonio,* Guido Gandus, Qiang Chen, Xunshan Liu, Hironobu Hayashi, Pascal
Ruffieux, Silvio Decurtins, Akimitsu Narita, Daniele Passerone, Hiroko Yamada, Shi-Xia Liu, Klaus Miillen, Carlo A.
Pignedoli, Roman Fasel* ChemPhysChem, 2019, 10, 2360-2366.



5 3 2 1

Jose |. Urgel, Marco Di Giovannantonio, Guido Gandus, Qiang Chen, Xunshan Liu, Hironobu 20
Hayashi, Pascal Ruffieux, Silvio Decurtins, Akimitsu Narita, Daniele Passerone, Hiroko Yamada,
Shi- Xia Liu, Klaus Mullen, Carlo A. Pignedoli, Roman Fasel
Overcoming Steric Hindrance in Aryl- Aryl Homocoupling via On- Surface Copolymerization 2019
ChemPhysChem 2360 2366
DOl
doi.org/10.1002/cphc.201900283
Urgel Jose I. Mishra Shantanu Hayashi Hironobu Wilhelm Jan Pignedoli Carlo A. Di 10
Giovannantonio Marco Widmer Roland Yamashita Masataka Hieda Nao Ruffieux Pascal Yamada
Hiroko Fasel Roman
On-surface light-induced generation of higher acenes and elucidation of their open-shell 2019
character
Nature Communications 861/1 9
DOl
10.1038/s41467-019-08650-y
50
2019
114 117
DOl
49
2020
32 38

DOl




75

2020

68 69

DOl

14 11 11

Hiroko Yamada

On-surface light-induced generation of higher acenes

ICMAT2019 10th International Conference on Materials for Advanced Technologies

2019

Hironobu Hayashi, Hiroko Yamada

On-surface light-induced synthesis of higher acenes from alpha-diketone-type precursors

14th International Symposium on Functional pi-Electron Systems

2019

Hiroko Yamada

On-Surface Synthesis of Large Acenes and Graphene Nanoribbons

11h Conference in CEMES, France

2019




Hiroko Yamada

On-Surface Synthesis of Large Acenes and Graphene Nanoribbons

Conference in Strasbourg University

2019

Hiroko Yamada

On-Surface Synthesis of Large Acenes and Graphene Nanoribbons

Conference in Bordeaux University

2019

Hiroko Yamada

On-Surface Synthesis of Large Acenes and Graphene Nanoribbons

Conference in Renne University

2019

Hironobu Hayashi

On-surface synthesis of higher acenes by precursor approach

Lecture in BUCH

2019




Hiroko Yamada

On-Surface Synthesis of Large Acenes and Graphene Nanoribbons

The 3rd Symposium for The Core Research Clusters for Materials Science and Spintronics

2020

2018

Hironobu Hayashi, Hiroko Yamada

Visible-light-induced photodecarbonylation of a-diketone-type large acene precursors on Au(11l) surface

55

2018

Development of pi-Extended Aromatic Materials Using Precursor Approach

99

2019




Hiroko Yamada

Synthesis and Characterization of Large Acenes and Porphyrin(2.1.2.1) Nanobelt

The third international symposium on the synthesis and application of curved organic pi-molecules & materials(Curo-pi-3)

2018

Hiroko Yamada, Hironobu Hayashi

Precursor Approach for On-Surface Synthesis

International workshop On-Surface Synthesis (0SS18)

2018

Hironobu Hayashi, Hiroko Yamada

On-Surface Synthesis of Self-Assembled Graphene Nanoribbon from Partially Fluorinated Precursors

International workshop On-Surface Synthesis (0SS18)

2018

http://mswebs.naist. jp/LABs/env_photo_greenmat/publication._html




(Hayashi Hironobu)

(00736936)

(14603)




