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Direct observation of the growth process of hetero-molecular interface
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The main purpose of this study is to establish a growth process of molecular
superlattice, where heterogeneous molecular layers are stacked layer-by-layer in a single molecular
level. First, STM observation was carried out to clarify the formation process of hetero-interface of
fluorinated phthalocyanine and pentacene as a typical combination of n-type and p-type organic
semiconductors. We found that these molecules formed well-mixed bilayers, e.g., molecular alloy bilayer
and solid solution, which were depending on the sequence of deposition. Here, hydrogen bonding between
fluorine atoms and hydrogen atoms were found to be responsible to these mixed layer growth, that is,
these intermolecular interaction prevented well-defined molecular hetero-interface. Based on these
findings, we adopted a perylene derivative and thiophene oligomer, which have no intermolecular

interaction. As a result, we successfully formed well-defined hetero-molecular interface with flat
interface.



)

)

5077919 )

)

ST™M

)

(1) ST™

STM

HOMO LUMO

ST™M

F1E 5 FR O FmE RS0 EH

| ReROBR |7k$7\

R ETIFRIET BEMELK

Ria A
A0S 7oL RRER k K -
| O D)

- R

)

e @t

pEIDRU AL EnBDTyRIE A0S T AR
| EETBE KREEICLYRBEERET D )

——— AFOBEH

BEMISA S EEMN g zxo oy RAMICER

——y ST
+ ’= : : V ‘ a
‘ .

BAMISRU AL EEMERTHEHE DS FHRE

\YE L., IS5 RICIERELRAUNBICEERTIT S, )

| MEE#BESESHOEK [
PLE 3 w2 =D =y ] ZEHEER
2R 2t E BN )

Z9FRILTAAL T UITR AU EBMEE T HEHEE

kﬁ&h‘ﬂ%’(iimﬁé*ﬁ(:Eﬁi‘ﬁ)’&ﬁ?ﬁi#‘éo

N §
§os N ¢
tJ / o A
pentacene  quaterrylene(QT) DFH-4T PTCDI-Cg TTCDI-Cy,
(f) p-type : n-type
2.0 —
. -2.7eV.
N -3.0eV
3 B0 | T
e - LUMOs
S 40 1 SV
3
g S0 sy T
@ ] : HOMOs
& e s9eV i —_—
i -63eV -6.3eV -6.3eV
-7.0 1
pentacene QT DFH-4T PTCDI-Cq TTCDI-Cy,

~vrty @R REE BT ZYERL
—_—— sy
Imo% 75% 50% o



Heterogeneous layers " 'y g
on SiO, surface QT on PTCDI-Cy

Te=115C Te=57°C

6.0 nm

(d)

3.0 nm 3

0.0 nm

PTCDI-Cg on QT ' TTc-Zo;Tc:T
Te=115°C Te=95°C
2 p n
AFM

©) p

n PTCDI-C8

AFM
AFM

1st PTCDI

3rd PTCDI

Asymmetric response toward molecular
fluorination in binary
copper-phthal ocyanine/pentacene assemblies
D. G. de Oteyza, J. M. Garcia-Lastra, E. Gairi, A.
El-Sayed, Y. Wakayama, J. E. Ortega
J. Phys. Chem. C 118 (2014) 18626-18630.

DOI: 10.1021/jp506151]

Exciton dynamics at the heteromolecular
interface between
N,N-dioctyl-3,4,9,10-perylenedi carboximide and
quaterrylene, studied using time-resolve
photoluminescence
Nobuya Hiroshiba, Kenta Morimoto, Ryoma
Hayakawa, Y utaka Wakayama Tatsuo Mori,
Kiyoto Matsuishi
AIP Advances 4 (2014) 067112-1-11
DOI:10.1063/1.4880495

Layer-by-layer growth of precisely controlled
hetero-molecular multi-layers and superlattice
structures
Nobuya Hiroshiba, Jonathan P. Hill, Ryoma
Hayakawa, Toyohiro Chikyow, Ariga Katsuhiko,
Kiyoto Matsuishi, Yutaka Wakayama
Thin Solid Films 554 (2014)74-77.

DOI: 10.1016/j.tsf.2013.03.082.

Understanding energy level alignment in
donor-acceptor/metal interfaces from core-level
shifts
Afaf El-Sayed, P. Borghetti, E. Goiri, C. Rogero,
L. Floreano, G. Lovat, D. J. Mowbray, J. L.
Cabdllos, Y. Wakayama, A. Rubio, J. E. Ortega, D.
G. de Oteyza
ACS Nano 7 (2013) 6914-6920.

DOI: 10.1021/nn4020888

International conference on Advanced
Materials and Nanotechnology (Nov. 4-6, 2014,
Kathmandu, Nepal)

STM study on solid-state reactions in binary
molecular assemblies
Yutaka Wakayama

TMS2014 143th Annual Meeting &

Exhibition (Feb. 16-20, 2014, San Diego, USA)
STM study on solid-state reactions in binary
molecular assemblies

Yutaka Wakayama




2014-189603
2014 9 18

2013-117654
2013 6 4

http://www.nims.go.j p/kyushu/en/labo/wakayama
/index.html

o
WAKAYAVA, Yutaka

MANA
00354332



