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Induction of helical chirality in achiral condensed phases is of
high importance in various fields, including liquid crystalline
technology: It is, however, still not well understood how helical
chirality is obtained, enhanced, modulated, or preserved in supra-
molecular systemSinterfacial assemblies provide model systems Figure 1. Schematic representation of the interconversion occurring at room

to study these phenomena becaus? of geon_wetrica_ll restrictionsemperature between P and M conformers of diaryletieire solution.
introduced by 2D confinemeftScanning tunneling microscopy  The synthesis of is described in the Supporting Information.

(STM) investigations of surface-induced chirality in organic mono-
layers of achiral compounti©iave shown that, at interfaces, the
formation of a chiral element arises either from moleewdabstrate
interactions imposing a twist between the lattice of the physisorbed
molecules and the surfaéer from specific intermolecular interac-
tions such as H-bondifdgor metal/ligand complexatidhwhich
create supramolecular nanostructlreRecently, helical shape 1
recognition between enantiomers has also been evidenced for rigid ﬂ“:
molecules such as helicefiesr tetracene$.In these cases, the 5""'
physisorption of molecules with a rigid helicity, in vacuum and at

of multimeric nanostructures. __
In this contribution, we show that helical chirality emerges from  #ijEEFF X /> :
an ach_lral sol_ut|on of a flexible dlaryle_thene plenvatnve because of Figure 2. (a) Enantiomorphic domaind @nd ) formed by diarylethene-
atropoisomerism on the surfatétropoisomerism occurs because  based dimers. The orientations of the main crystallographic axes of graphite
the rotational interconversion between two preferred conformers are schematically represented by white lines. The relevant reference axis

is sterically hindered on the surface. Moreover, we show that shapefor the respective domains is indicated in blue: 52.27.3 nnf, 24 pA,
—322 mV. (b) High-resolution image and proposed packing model obtained

recognition occurs betwgen atropmsomers havmg similar helicities by force-field calculations: 9.55 6.30 nn?, 35 pA, 311 mV. (c) A dimer

and leads to the formation of homochiral dimers. on HOPG. The blue parts of the molecules are those directly adsorbed on
In solution, diarylethenes such as molecligigure 1) are free HOPG. The red ones correspond to the moieties which are not directly

to adopt a number of energetically similar conformations. In their adsorbed.

preferred conformations, the two methyl groups grafted on the shaped dimers which constitute them are mirror images. Besides
thiophene at the center of the conjugated unit are pointing in either the formation of locally chiral monolayers, it is remarkable that
the same direction (parallel orientatimy in opposite directions  forms chiral dimers on the surface. Surface-induced molecular
(antiparallel orientation). In the latter case, the overall conformation dimers arranged in rows have already been observed on HOPG,
of the molecule is helical, and depending on the sign of the helix, on Au(111), and on Mog!
the conformers are described as P or M isom&idowever, in Within a dimer, the length of the bright contrast featured 6
solution and at room temperature (rt), the interconversion betweennm) corresponds to the length of an individual conjugated head
P and M helices is so fast that these forms cannot be distinguished.(~1.65 nm). Alkyl moieties are visible under the aspect of straight
Under these conditions, a solution of diarylethénia 1-phenyl- lines in the darker regions. The corresponding unit @e#(1.7 &
octane is consequently achifal. 0.1 nm,b=3.04+ 0.1 nm,a. = 61 & 3°) contains one dimer. The
After application of a drop of solution of in 1-phenyloctane  angle between the unit cell vectarand main symmetry axes of
onto highly oriented pyrolytic graphite (HOPG), a well-ordered HOPG is+20 3° (p) or —20 4+ 3° (1), depending on the chirality
monolayer is formed over a few hundreds of nanometers. Figure of the domain, indicating that the self-assembly is surface-mediated.
2a shows an STM image in which two different domains of the  The size of the structures observed in high-resolution STM
monolayer have a comparable orientation with respect to the images (Figure 2b) rules out the possibility that the molecules
scanning direction. In each of these domains, STM highlights the physisorb in the parallel conformation because the overall length
formation of (homochiral, vide infra) molecular dimers (see also of 1 adsorbed in parallel orientation would be consistently smaller
Figure 2b). These domains are not equivalent because the sigmoidalthan observe&!?Also, because of its folded geometry, the parallel
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These conclusions on stability of the prochiral or chiral dimers
of 1 have been further confirmed by MD simulations including
solvent molecules. For this, the solvent was introduced in the model
i'\“ v by adding two layers of solvent molecules on the top of the surface
“@M 1,,"‘“ J,‘l ﬂ and by using the dielectric constant of 1-phenyloctane. The results
J W'T bd rﬂﬁ show that both dimers are stabilized by a few kcal/mol due to the
“ J presence of the solvent molecules. However, since the stabilization
is comparable for both dimers, the PP dimer remains significantly
Time fog) more stable than the PM dimer. For the latter, the kinetics of the
Figure 3. Molecular dynamics trajectory showing the molectieolecule dissociation slows down, probably due to a cage effect of the solvent
binding energy for two types of dimers (heterodimers PM and homodimers molecules. Finally, an additional indication about the structure of
PP) on HOPG, at room temperature, extracted from the total energy of the the dimer building block of the monolayer arises from the fact that
system. Blue line: PM d_imer. Red Ii_ne: PP dimer. The curve _shows tha@, with PM dimers it is not possible to build a monolayer matching
after 20 ps, the heterodimer dissociates, whereas the homodimer remaing, . <t icture observed with STM. In contrast. the monolayer of PP
stable. . ] . ; P
dimers as modeled by force-field simulations is in good agreement
with the experiment.
In conclusion, we have shown that chiral domains are formed at
the liquid/solid interface by achiral diarylethenes because of surface-
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Table 1. Average Molecule—Molecule Binding Energy and
Standard Deviation for the Two Dimers on Graphite, Based on the
MD Simulations Shown in Figure 3

dimer binding energy (kcalimol) STD (kealimol) induced atropoisomerism. On the surface of HOPG, these molecules
PM —-1.85 221 with a locked helicity form dimers by shape complementarity.
PP -9.27 1.45

Molecular dynamics show that these dimers of diarylethenes are
chiral dimers (PP and MM), rather than prochiral dimers (PM and

MP). These results add to our understanding of how chirality can
emerge in 2D systems.

conformer is unlikely to allow for stabilizing molecutenolecule

or molecule-substrate interactions. Moreover, as all experiments

are carried out in the dark, we exclude thhtadsorbs in a

photoisomerized form. We therefore assume thaixclusively Netherlands Organization for Scientific Research (NYAGW)

physisorbs in its antiparallel conformation on HOPG. through a VENI grant (N.K.), the Marie Curie RTN CHEXTAN
Dimer formation, as observed experimentally, suggests that an (MRTN-CT-2004-512161), FNRS, the Fund of Scientific Research

energetically favorable interaction occurs between either prochiral Flanders (FWO), and the Belgian Federal Science Policy Office
(PM/MP) or chiral (PP and MM) pairs of adsorbed molecules. In  through I1AP-6/27.

order to understand the stereochemistry of these dimeric building
blocks, molecular dynamics (MD) have been performed for PP and
for PM dimers on the HOPG surface, at rt and in a dry situation,
that is, without solvent moleculéd.The calculations show a
dissociation of the prochiral dimer on the surface, while the chiral
dimer remains intact, due to favorable interactions between the
molecules and the surface; for example, the alkyl chains can be
fully adsorbed on graphite and among the molecules themselves.
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