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The performance of conjugated oligomeric and polymeric
semiconductofsdepends critically on the mesoscopic ordering of
these m-conjugated moieties. A number of liquidrystalline
materials with high-charge-carrier mobilities as a result of the high
order has been developed in recent yé&svalent linkage between
electron donor (D) and acceptor (A) molecular fragments provides
an excellent approach to achieve dimensional control over phase
separation in B-A network$ and are of interest in the field of
molecular electronics.

Scanning tunneling microscopy (STM) is a unique technique to
study the ordering of molecules on conductive surfaces, often with
submolecular resolutioh® In addition, STM is sensitive to the
electronic properties of the adsorbates under investigatiowas
soon noticed that STM shows chemical sensitivity; certain func-
tional groups (e.g., aromatic moieties, amines, sulfides) are more
conductive than others (e. g., alkyl chains). The latter are in turn
more “transmissive” for the tunneling current than perfluorinated
alkyl chains®@8Several theoretical approaches have been developed
to explain the contrast of organic adsorbates in STBlas- and
potential-dependent imaging have been used before to probe the
electronic levels involved in the tunneling procés® but the i S G L PO N
system under investigation is unique for the following reasons: (1) -1.19V 0.77V +1.00V +1.43V
it combines an electron donor and electron acceptor part covalently rigure 1. (a) Chemical structure of doneacceptor-donor triad, OPV—
linked to each other and (2) the donor and acceptor parts arePDI-OPV.. (b) STM image of OPY—PDI-OPV, monolayer formed by

relatively large and well-separated in space, allowing them to be Physisorption at the 1-phenyloctangraphite interface. The different sets
addressed individually of arrows indicate examples of mirror image-type packings. Image size is

. I . 70.2 x 70.2 nn?. lset = 0.15 NA. Vihias = —0.96 V. (c) High-resolution
In this contribution, we present an STM study of the ordering g1y Tmage of an 55thPDI—OPVZIa%onolayer.lseti)0.409 NA Vhios —

and bias-dependent contrast of a unique symmetricABD —0.70 V, image size is 15.5 15.5 nn#. Unit cell parameters am= 1.71
system, composed of two oligephenylene vinylene (OPV) D-units ~ + 0.02 nm,b = 7.41+ 0.10 nm,a = 62 £ 1°. (d) Tentative molecular
and a central perylenediimide (PDI) A-core, of which the chemical Model reflecting the ordering in c. (e) Bias-dependent imaging of 5PV

. S PDI-OPV.. The applied sample bias is indicated below each image. Image
structure is shown in Figure 1a. The compound forms well-ordered ;¢ is'10 14 10.1 nn. Ise= 0.40 nA. Arrows outside the images refer to
two-dlme_nsmnal patterns Whe_n_ph_y5|_sorbed from 1-phenyloctane gikyl chains (black), OPV (blue), and PDI moieties (red).
on grgphlte (HOPG) at Fhe SOHd'qu'd_ '“terfac?' as measured by dark regions between the rows of bright rods. In most of the rows,
_STM in the c_onstant-helght mode. _Flgure 1bis a large-scale ST_M the long rod axis is rotated counterclockwise with respect to the
image showing rows of stacked bright rods, which are ordered in normal on the long row axis, although a nonnegligible number of

domains. The relative quentatlon of the domains reflects the 3-fold rods are oriented clockwise within the rows. Enantiopure molecules
symmetry of the graphite substrate underneath. The length of SUChnormaIIy do not form both possible mirror-image patterns, but only

a rod (6.00ﬁ 0'?7 nm) cofr rﬁspgzgs toltheldlsl,_tlance bﬁtweeln thle one of thent! Apparently, the presence of the rather bulky acceptor
outermost phenyl groups of the molecule. Hence, the molecule o \yeakens the interaction of the stereogenic centers with the

IS nﬁt standlr?_g uplrlght bllit is lying \lN'thh'tS mo"*?“'”?? parr?llehl graphite substrate, and the core might not be completely ptanar.
to the graphite plane. As a result, the tunnel path through the ¢, e high-resolution image in Figure 1c, it is clear that the

aromatic core is tip-D-graphite or tip-A-graphite and not tig-D bright rods consist of three parts: the central part is attributed to

A—D-graphite. Of course, the_tunneling direction (t_ip-graphite T the location of the PDI part and the outermost parts correspond to
graphite-tip) depends on the bias polarity. Alkyl chains occupy the the OPV moieties. Measured along the propagation direction of

the lamella, the distance between the aromatic cores is determined

Iﬁﬁfcglﬁt‘:\flﬂ;‘z’gﬁée“ Leuven. to be (a) 1.7 0.02 nm. This distance allows the OPV parts of
§ Eindhoven University of Technology. the molecules to lie flat on the substrate. The acceptor part cannot
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a Vacuum tunneling from graphite to the tip couple more strongly to the
0.0 HOMOgpy level than to the other energy levels. At high positive
% 7 bias voltages (right scheme), the LUMg) level is closer to the
*; 2.0+ LUMOgpy Fermi level of the tip than other states gnd, accordingly, is expected
o 7] LUMO.. to affect the t_unm_a!lng process, frc_)m tlp to subs_trate, to a greater
a 4 0'____ e 3'_ E extent. This simplified model is in line with experimental observa-
w | = HOMOgpy, S tions: OPV moieties appear brighter at negative sample bias while
6.0 HOMO,, the PDI moiety appears brighter at high positive sample bias.
b In conclusion, we have presented the two-dimensional ordering
Vblas 4.2V Vbias =+1.4V of a unique electron donemcceptor-donor triad molecule. By

bias-dependent scanning tunneling microscopy imaging, the donor
and acceptor parts of the molecule were distinguished. The bias-

il
iy

dependent contrast reflects the different electronic states involved
E - - E, in the tunneling process.
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Figure 2. (a) Scheme of the frontier orbitals (HOMO and LUMO) of OPV  available free of charge via the Internet at http://pubs.acs.org.
(blue) and PDI (red) relative to the vacuum level and Fermi level of graphite.
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