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Essential electronic processes driving organic molecular single crystal surfaces & interfaces
electronic devices occur mostly at functional as

“well-defined” systems

interfaces in the devices. The importance of modelling complex organic electronic devices

understanding fundamental physicochemical
properties and behaviors of semiconductor
molecules at such interfaces is commonly
recognized even on the application side,
nevertheless, it can hardly be achieved by
adopting practical devices themselves of
inhomogeneous and complex structures as
research objectives. In this context, paradigms of
the surface science research, that is, simplifying
the target systems into homogeneous and “well-
defined” surfaces and interfaces based on single
crystal substrates of the materials, potentially
open routes for accessing molecular-scale  LEED, GIXD, ... = XPS, ARPES, ...
understandings of the electronic processes in the epitaxial growth, surface species,
organic electronic devices. In this account, crystalline order. ... band dispersion. ...
methodologies and research achievements for the surface science exploration conducted on
single crystal surfaces of pentacene, one of the most representative organic semiconductor
species, are reviewed with the following contents; preparation techniques of the organic
semiconductor single crystal samples in Section 2, surface chemical analysis by X-ray
photoelectron spectroscopy on pentacene single crystal samples in Section 3, valence band
measurements by angle-resolved photoelectron spectroscopy for the pentacene single crystal
surface in Section 4, and well-defined molecular interfaces of epitaxial crystalline thin-films of
perfluoropentacene built on the single crystal surface of pentacene in Section 5.
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Figure 2. (a) Schematic illustration of the PVT
equipment. (b) Optical microscopy (OM) and
crossed Nicols polarized optical microscopy
(POM) images of a pentacene single crystal
sample on a polycrystalline diamond substrate.
Scale bars: 0.1 mm.
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Figure 3. C1s XPS spectra of a cleaved
pentacene single crystal (Pn-SC) sample (a)
before and (b) after the exposure to air. Note that
the electron binding energy is taken in negative
this article.
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Figure 4. Atomic abundance O/C ratios for Pn-SC

Relative abundance (O/C) / %

o

samples before (filled symbols) and after (open
symbols) exposure to the ambient conditions
plotted as a function of the excitation photon
energy for the XPS measurements (top axis) and
of the corresponding probing depth for the O1s
photoelectrons (bottom axis).
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Figure 5. (a) ARPES spectral maps of Pn-SC in
the I-M (left) and '-M’ (right) directions. Tight-
binding fitting results for upper and lower valence
bands are indicated as red and blue curves,
respectively. (b) LEED pattern of the Pn-SC
sample. The surface Brillouin zone is indicated as
a red polygon on the image. (Inset) Molecular
arrangement of the Pn-SC(001) surface.
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Figure 6. Photoemission spectral profiles (a) at
the I point and (b) of the secondary electron cutoff
region of a Pn-SC sample before and after the
exposure to the ambient conditions.

5. RVALVEBRREA L TOERFLSF
FIREOREEL, TOEFRETE
HZNT, a5y OB AL AR 1 A FER
ELT, 20 LIRS P B e 4% Uy
IR R ST Rk 0 - T S RS AL i B
L OEFIMHE O LT R G2/ T 5,
TI7 7 ANCES SR N FARIRE
D J@ARAE B E ORIENER B, R
ERRIFICA AR T 2BL8UFBEIC 1980 4R
DORFEUCHFZES N TERY, Wbab 77T
NT— )L A T HF L — | LU CTEIFICIR R
fbsiTng 2, et 7 7o T T —L
AR EHAX— LU THEINTWD X
MoS:(0001) % FTD Ce 23 FDRETHY,
i E Ok EEITEA L WIchibh T,
Coo NEFD fec MidbMEEZR-TZ (LTDACIE
THEBE > 8 5% MoS, 2 D[1010] 507
Wiz TR ETAZEN RS TS 2,
MoS:(000D) % Ceo(11 DTS K H DR T/ 43+
BLAIDSNATIR THAHZ LT ILEL TD R,
T T IT — )L A TR — IR E T
DORFREN BB LW A S D THE

Acc. Mater. Surf. Res. 2024, No. 9 Vol. 4, 104-113.

https://www.hyomen.org

42, Bl2IE Ceold, =Rl RE LD ZE
OHFELFRE LT, MoS, Rl _EEFEEIC
(NDE A CTZE ARy ET5 2%, 20
e, A ORERK X ORISR
12D ATIMIL TG L7255, Coo DB TR )7
AT ZR MRS T DO XA I THDH1101IZTR D,
NG ANZIIT D Coo F—HE T DY A XL =E
JEAUE T 100 nm A2 TRV X%, fE
ORGSR BREFE N2 5, 72383, Coo 121K
72y LU THOWO DM ETHY, &
DI AL S VT S L BRSSO B 1%
K pn#EAEELTOEKEL D,

Ceo 53 FDIEIRITAR U Z 2 LT BB DN,
RUBEGFICEENDHIR A2 TR R
TEEHAZ =T A a2 (PFPIE,
Ry RO MEER AL, A7)
A HEERE L THRE T 22 L3 BT
% W0, s iR EICRE 20 nm
PFP ZfgfE L CERL -G8 pn #25
AEHZRILC, Zkot X T 47274 %HNWT
SHUL 72880 MG AS X BRI (GIXD), 4 —
% Fig. T 1\ORT 2, ZOFEBRICHT->TIEL, A
X BT 28RO N AL A ¢ % 360 FE
FERSE 72 b ET N F— 2 S L TkY,
Fig. 7 13ZF D5 b E D > O EHIL [ CTHUS
SINT=A T T ay MG D, XA B
FEERICH T AR ARy M, BB
B THDHIEDD, FFED ¢ IZB W TOREIHT
K L, EBE, B20E 100 [BIPT ARy N
é =00 TOAHRBHZI, ZDOMOFEEL M
BlZE ¢ = 42° ) TIZALNRN, PFP [ZH
T B EHTFARY MTOWTE ¢ I FEMEA TR
T HE, N HES RO ARy MRk
IZHRFED ¢ TOIRRHSIND, ZOZEIE, 2D
FEHZIUWN T PEP O dil i IS 45 78 0O i PN AL
A&t TG, DEVH e BRI E 2
KL TZEZR T VI E L TODIEDVHID,
By, PEP ENE DRI AR Y M 3BLiL
L N O BERDND, PEP DT #4y + 757
fald, FCEM LT Co 2B XF v /LR S
WG ELRIERIS, U2 ERESO[110] 5
LTI > TWD T e RSz, — 77, PFP i
R OEFTHRRNED D RFES HAVD N O TR

110



Acc. Mater. Surf. Res.

EL T A R1Z 100 nm IZEERT, Ceo DALY
HREINSWZEL SN o7 D,

2D-GIXD of PFP (20 nm) / Pn-SC(001

low " high

»

w

Out-of-plane scattering vector (qz) / nm=1
O o

o

1 5
In-plane scattering vector (gxy) / nm~1

Figure 7. Two-dimensional (2D) GIXD patterns of
a Pn-SC sample covered with a 20 nm-thick PFP
thin-film taken in different in-plane ¢ orientations.
Reprinted with permission from Ref. 27. Copyright
2019 American Chemical Society.
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Figure 8. (a) ARPES d?//dE? mapping image of
epitaxial PFP on a Pn-SC sample. Green cross
marks and curves indicate the valence band peak
positions and a tight-binding fitting result. (b)
Surface Brillouin zone (left) and molecular
arrangement (right) of epitaxial PFP.
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