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Self-assembled organic donor/acceptor nanojunction arrays
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We have fabricated well-ordered organic donor/acceptor nanojunction arrays comprising
p-sexiphenyl (6P) and Cg via self-assembly of Cg, on the molecular nanotemplate of 6P nanostripes
on Ag(111). Our scanning tunneling microscopy measurements show that the preferential trapping
of Cg triplets atop 6P single molecule leads to the formation of the Cgq,/6P vertical nanojunctions
with well-defined two-dimensional arrangement. Annealing this binary molecular superstructure at
380 K results in the insertion of Cg, linear chains between the neighboring 6P nanostripes and
thereby the appearance of the periodic Cqy/6P lateral nanojunction arrays. © 2008 American

Institute of Physics. [DOI: 10.1063/1.2920199]

Much recent attention has been devoted to molecular
nanodevices, motivated in part by the potential use of single
molecule in nanoelectronics.! The realization of molecular
nanodevices relies on the effective controlling and manipu-
lating the assembly of molecules into highly periodic nano-
structure arrays on surfaces with desired functionalities.”™
One promising approach to create these nanostructure
arrays is the selective coupling of functional molecules
at preferential adsorption sites of prepatterned surface
nanotemplates.z_12 Organized supramolecular architectures
stabilized by noncovalent but directional and selective inter-
molecular interactions (hydrogen bonding, dipolar coupling,
or metal-ligand interactions) represent one fascinating
type of surface nanotemplates.2’4’12’19 The periodicity or
symmetry of these molecular surface nanotemplates can be
easily tuned by simply modifying the chemical structures
of individual molecules, facilitating the assembling of ad-
sorbed guest molecules into ordered arrays with tunable
periodicity.lzf19 In particular, the direct binding of the
acceptor (donor) molecular nanostructures on the nanotem-
plate exclusively constructed from the donor (acceptor)
molecules offers an ease of fabrication of organic donor/
acceptor nanojunctions with well-ordered two-dimensional
(2D) organization. In this letter, we demonstrate the fabrica-
tion of well-ordered organic donor/acceptor nanojunction ar-
rays by adsorbing Cg (acceptor) on the surface nanotemplate
of p-sexiphenyl (6P, donor) nanostripes on Ag(111), as re-
vealed by low-temperature scanning tunneling microscopy
(LT-STM) investigations.

The experiments were conducted in an Omicron
LT-STM interfaced to a Nanonis controller (Nanonis,
Switzerland).'®** All STM imaging were performed at 77 K.
Ceo and 6P molecules were sequentially evaporated in situ
onto the clean Ag(111) held at room temperature (RT) in the
growth chamber. In our experiments, 1 ML refers to one full
layer of close packed Cg or 6P close packed layer with their
conjugated m-plane oriented parallel to substrate surface.

Well-ordered unidirectional 6P nanostripes can be fabri-
cated by the deposition of 1 ML 6P on Ag(111) at RT and
subsequent annealing at 380 K for 30 min, as shown in Fig.
1(a), in which each rodlike bright feature represents a single
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6P molecule. The width of the 6P monolayer nanostripes is
2.95*0.02 nm, which is very close to the van der Waals
length of 6P molecules (2.73 nm).*' The periodicity along
the 6P molecular nanostripe is 0.70 =0.02 nm, as revealed
by the line profile in Fig. 1(c). Although the adjacent phenyl
units within 6P molecules are twisted in the gas phase or for
isolated molecules on metal surfaces™ due to steric hin-
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FIG. 1. (Color online) 15X 15 nm?> STM images of (a) “pure face-on”
(Vip=+1.8 V) and (b) “face-on+edge-on” (Viz,=-3.3 V) 6P monolayer
nanotripe on Ag(111). (c) Corresponding line profiles along the chain direc-
tion of both 6P layers. Schematic drawings of molecular structure for (d)
pure face-on and (e) face-on+edge-on 6P layers. (f) 15X 7 nm> STM image
of 0.05 ML 6P on pure face-on 6P monolayer nanostripe on Ag(111) (Vy,
=-1.6 V), which shows the random insertion of “edge-on” 6P molecules
into the pure face-on 6P monolayer.
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drance of the hydrogen atoms of neighboring rings, they be-
come coplanar once they form condensed thin films on solid
substrate surfaces or single crystal solids.”® Therefore, the
formation of 6P monolayer nanostripes on Ag(111) in Fig.
1(a) can be understood in terms of self-assembly via side-by-
side packing with extended molecular m-planes parallel to
the Ag(111) surface, as shown by the schematic in Fig. 1(d)
and referred to as the “pure face-on” 6P nanostripe.

Further deposition of 6P can result in the insertion of
edge-on 6P molecules into the matrix of the pure face-on 6P
nanostripes, where the edge-on represents the configuration
of 6P molecules with all their phenyl rings oriented nearly
perpendicular to the substrate surface. As shown in Fig. 1(b),
a 6P nanostripe array with larger periodicity of 1.1 =0.02 nm
along the nanostripe packing direction forms after the
deposition of 0.3 ML 6P on the pure face-on 6P nano-
stripes on Ag(111). We propose a model [Fig. 1(e)] involving
the alternating arrangement of face-on and edge-on 6P
molecules into this 6P nanostripe array, referred to as
“face-on+edge-on” 6P nanostripe. Figure 1(f) shows the
15X 7 nm? STM image of 0.05 ML 6P on the pure face-on
6P nanostripe array (total 6P coverage is 1.05 ML) with the
random insertion of edge-on 6P molecules, where the bright
rodlike features represent the edge-on 6P molecules. As
highlighted in the right part of the image, the length of
three successive face-on 6P has been expanded from the
original 2.1 nm (0.7 nmX3=2.1 nm) to 2.5 nm (0.7 nm
X 2+1.1 nm=2.5 nm) after insertion of one edge-on 6P mol-
ecule. Similar 6P nanostripe arrays have been observed on
Au(111).*** Such alternating arrangements of face-on and
edge-on 6P molecules is reminiscent of the typical herring-
bone structure commonly observed in 6P single crystal sol-
ids, stabilized by the electrostatic force or the quadruple in-
teraction between neighboring face-on and edge-on 6P
molecules.!

RT adsorption of Cg, on the face-on+edge-on 6P nanos-
tripes leads to a unique preferential trapping of Cgq triplet
atop 6P single molecule. As shown in Fig. 2(a), randomly
dispersed Cg triplets form after depositing 0.1 ML Cg, on
the face-on+edge-on 6P nanostripes with subsequent anneal-
ing at 350 K for 30 min. The close-up STM image in Fig.
2(b) clearly reveals the preferential adsorption of Cg triplets
atop 6P single molecule. The schematic drawing in the inset
in Fig. 2(b) shows the proposed model for the preferential
adsorption. Increasing the C¢, coverage to 0.5 ML results in
a fairly ordered 2D array of Cg triplets, as shown in Fig.
2(c). The corresponding detailed 20 X 20 nm? STM image of
the Cyy triplet array is displayed in Fig. 2(d). These triplets
assemble along the underlying 6P nanostripe packing direc-
tion with a separation of about 3.3 nm, as highlighted in Fig.
2(d). We propose that the Cgy, triplets predominantly nucleate
on the edge-on 6P molecules of the 6P nanostripe array. The
adsorption on the face-on 6P molecules is likely to be pro-
hibited due to steric hindrance between the adsorbed Cg, and
the adjacent edge-on 6P molecules. Future experiments with
6P nanostripes of different periodicities will be carried out to
verify this hypothesis. As typical donor (6P) and acceptor
(Cgo) molecules, the well-ordered Cg triplet array atop the
6P nanotripes can serve as a novel organic donor/acceptor
vertical nanojuction array such as rectifiers, with great poten-
tial for future molecular-electronic or nanoelectronic devices.

After annealing the Cqy/6P vertical nanojunction array
(0.5 ML Cg, on the face-on+edge-on” 6P nanostripe array)

Appl. Phys. Lett. 92, 193301 (2008)

FIG. 2. (Color online) (a) 50 X 50 nm?> STM image of 0.1 ML Cg, on “face-
on+edge-on” 6P layer on Ag(111) and (b) corresponding 15X 15 nm?> STM
image clearly revealing the preferential adsorption of Cgj triplets atop single
6P molecule; the inset in panel (b) shows the proposed model. (c) 80
% 80 nm?> STM images of 0.5 ML Cg, on face-on+edge-on 6P layer on
Ag(111), showing the formation of a well-ordered vertical C4,/ 6P nanojunc-
tion array, and (d) the corresponding detailed 20X 20 nm?> STM image of
panel (c). Vg, =14V for all images.

at 380 K for 30 min, the Cg triplet array is transformed into
a highly periodic Cg, linear chain array, as shown by the
large scale 100X 100 nm?> STM image in Fig. 3(a). Figure
3(b) shows the corresponding detailed STM image of the Cg
linear chain array. It reveals that some rodlike molecules are
interposed between the neighboring Cg linear chains, wid-
ening the interchain distance. As indicated in Fig. 3(b), the
periodicity or the interchain distance is measured to be
3.85+0.02 nm, which is close to the sum of the van der
Waals radii of Cg, (1.00 nm) and molecular length of 6P
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FIG. 3. (Color online) STM images of the lateral Cq,/6P nanojunction
arrays: (a) 100X 100 nm? and (b) corresponding detailed 13 X 13 nm? image
(Viip==2.0 V). (c) Schematic model for the regular superlattice of alternat-
ing C¢, and 6P linear chains.
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(2.95 nm). As such, the interposed rodlike features in Fig.
3(b) are attributed to the 6P molecules. We proposed a model
involving the insertion of Cg linear chains into the face-on
+edge-on” 6P nanostripe array, as revealed by the schematic
drawing in Fig. 3(c). Such highly periodic 2D arrangement
of alternating linear chains of Cg, (acceptor) and 6P (donor)
makes this superlattice an ideal prototype of lateral donor/
acceptor nanojunction array for their potential application in
organic solar cells.

In conclusion, well-ordered unidirectional 6P nanostripe
array has been used as an effective molecular surface nan-
otemplate to fabricate self-assembled organic donor/acceptor
nanojunctions, including periodic Cg triplets preferentially
trapped atop 6P single molecule as an organic donor/acceptor
vertical nanojunction array and a superlattice of alternating
Cyo and 6P linear chains as a 2D organic donor/acceptor
lateral nanojunction array. These novel organic nanojunction
arrays should have promising applications for future
molecular-electronic or nanoelectronic devices.
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