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The controlled fabrication of ordered two-dimensional (2D)
molecular nanostructure arrays represents a major challenge for the
realization of molecule-based miniature devices in the fields of
molecular electronick, quantum computers,and biosensors.
Surface nanotemplate-assisted molecular assembly offers a promis-
ing approach toward the “bottom-up” construction of addressable
functional molecular architectures through inherent processes of
molecular adsorption, surface diffusion, and nucleatiém ef-
fective surface nanotemplate usually features prepatterned and well-
ordered preferential adsorption sites that can selectively accom-
modate guest adsorbates (molecules or atoms). In the past few years,
intensive efforts have been devoted to the fabrication of various
surface nanotemplates, as well as the detailed investigation of the
molecular assembly processes on these nanotempiatetn
particular, recent advances in molecular self-assembly have led to
a new type of nanotemplates, referred to as 2D supramolecular
porous networks, stabilized by directional noncovalent intermo-
lecular interaction§:13 These self-assembled networks have been } o N
demonstrated to act as efficient templates to selectively accom-g:‘?fge 1. (&) STM image of long-range ordered pentacene SUpSrStrucwres

| i g(111). (b) Corresponding molecular resolution image € —1.50
modate guest molecules at pore sites, thereby leading to they, |, = g5 pA) of the pentacene superstructure. A unit cell is outlined on
formation of a variety of striking well-ordered molecular nano- the image. (c) Large scale STM image of 0.7 MkyGelf-assembled into
structure arrays. Elegant examples includg I@neycomb arrays @ 2D nanomesh on pentacenér (= 2.41 V, I = 80 pA). (d) Detailed
on a hydrogen-bonded supramolecular netwidtks molecules on |$ag_e 3“1%”\}5‘?0”_1915(% a’&)foposed model is superimposed on the image
a 2D porphyrin-based porous netwdriGs molecules steered by (V= —1.49V.1:= 100 pA).

metal-organic coordination porous networksand so on.
. o . at room temperature and subsequently annealed to 380 K. In the
In this Communication, we present a new strategy to fabricate sur- . . : . .
P ay corresponding high-resolution STM image (Figure 1b), the rod-

face nanotemplates featuring well-ordered nanocavity arrays made,. .
up by G molecules, referred to as agdanomesh, which is formed like feature represents a _smgle _pentac_ene molecule. On Ag(111),
by precisely adjusting the binary molecular phases gf @hd pentacene molecules orient with theirplane parallel to the
pentacene on Ag(111). It is demostrated that thig @nomesh substrate surface as a result of the strong interfacial interaction
can act as an effective template for the selective inclusion of guestbetwelfn ther e_Iec_tr_ons n pen_tacene and metal d-bands n Ag-
Ceo into the nanocavities, giving rise to the formation of ordered (111)- The periodicity perpendlcular o the pentacene rows is 1.45
2D Cearrays with large intermolecular distance (2.10 nm) between nm. In contrast to the typical close packed structure of monolayer
the nearest neighbors@molecules atop thedgnanomesh template. pentacene on other subsFra%éqqgnta_\cene on Ag(11_1) adopts a

The experiments were carried out in a multichamber ultrahigh loosely packed structure with a wide |nterm_olecylar distance of 1_.03
vacuum (UHV) system housing an Omicron low-temperature nm along the molecular rows. As shown in Figure lb.’ the VOI.dS
scanning tunneling microscope (LT-STM) with a base pressure between the pentacene molecules form a loose brick-wall-like
better than 6x 10-1! mbar. The STM is interfaced to a Nanonis structure as illustrated by the schematic model superimposed on
controller (Nanonis, Switzerland). A single-crystal Ag(111) sub- the image. The white rectangle in Figure 1b highlights the unit

: cell (a=2.90 nm,b = 1.03 nm) of the loosely packed pentacene

strate was cleaned by repeated cycles of Aputtering and on Ag(111)
subsequent annealing to 800 K. The pentacene gnthGlecules D 9 itiﬁ £0.7 ML Gy onto thi ntacen rstructure at
were thermally evaporated from separate Knudsen cells, respec- epositing ot ©. onto this pentacene superstructure at
tively, in the UHV growth chamber (base pressure better than 3 room temperature and subsequently annealing to 360 K gave rise

10-10 mbar). The deposition rates for pentacene aggv@re 0.2 to the formation of an extended 2D network with well-ordered
ML/min and 0.05 ML/min, respectively, calibrated by a ql.Jartz nanocavities (Figure 1c). 'I_'he high-rt_esolution_ STM in Figure 1d
microbalance (QCM) and STM (1 ML corresponds to a close- reveals that the nanocavity array is constituted by a regular

packed molecular layer). STM images were acquired in constant- arran_gem_ent 9f 6o molgcqla}r chains with 1.82_nm |n_ter_cha|n
current mode with a chemically etched tungsten tip at 77 K. spacing, interlinked by individual & molecules with periodicity

As shown in Figure 1a, a highly ordered pentacene molecular of 2.62 nm along the chain direction, and is therefore referred to

. L as the Gy nanomesh. A unit cell of the regular nanomesh is
array is formed after depositing 0.7 ML pentacene on Ag(111) held highlighted witha* = 2. 62 nm.b* = 2.10 nm, and. = 60°. The

* Department of Physics. !ntermolecular dls.tance between nearest neighhgrn®lecules
* Nanoscience and Nanotechnology Initiative. in the nanomesh is mearured to be 1.05 nm, close to the van der

i B - ;
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Figure 2. STM images of the coverage dependent evolution ef C
assembled on theggnanomesh\(t = —2.52 V, Iy = 80 pA): (a) 0.05

ML, (b) 0.2 ML, (c) cross-sectional profiles ofggassemblies (red) and
nanomesh (green) as marked in the image. (d) At higher coverages (0.4
ML), the majority of the cavity sites are occupied by guest molecules and
an qordered 2D g molecular array forms.

Waals distance of 1 nm inggsolidsi® It was known that in binary
molecular systems, such agy@ith porphyrinst’” Ceo with acridine-
9-carboxylic acid® and tunable & linear chain arrays with
a-sexithiophené? Cso molecules could induce a local rearrangement
or conformational change of the predeposited molecule layers,
which in turn influences the assembly of regulag @Golecular
arrays. In our experiments, STM observations at defect sites of the

nanomesh reveal that the arrangement of the pentacene superstruc-

ture was significantly modified by the inclusion of4CAs such, a
tentative model superimposed in Figure 1d is proposed for the
formation of nanomesh. It involves thegfCadsorption induced

immobilize individual Gg within the nanocavities and therefore
drive G to assemble into the ordered 2D molecular array.

In summary, an extended 20y§hanomesh has been constructed
by controlling the binary molecular phases ofy@nd pentacene
on Ag(111). The skeleton of theggnanomesh is stabilized by the
strong molecule-metal interfacial interactions gg—Ag(111) and
pentaceneAg(111)] and is further modified by the pentacene
Ceso donor—acceptor intermolecular interactions. Thig @anomesh
can serve as a effective template to selectively accommodate guest
Cso molecules at the nanocavities, thereby leading to the formation
of an ordered 2D ¢ array with a large intermolecular distance
(2.10 nm) between the nearest neighboring @ top of the G
nanomesh template.
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