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Molecular recognition of chiral molecules on surfaces plays an
important role in processes such as enantiomeric separation of chiral [9 °]
compounds,crystal growth? enantiospecific sensofsand hetero-
geneous asymmetric cataly$iBespite this importance, the mech-
anism of chiral recognition in these surface processes is poorly
understood. Stereospecific interactions with chiral kink sites on
surfaces have been also observed for the oxidation of glucose on
Pt(643% and for the thermally induced desorption of methyl
cyclohexanone on Cu(643).

Here, we report the observation that the handedness of adjacent
molecules influences the thermal stability of monotartrate species
on the Cu(110). By means of temperature-programmed desorption
(TPD) the rapid decomposition, so-called “surface explosion”, of
monotartrate has been investigated for racemic tartaric acid and " T T T i T "
the pure enantiomers. 440 460 480 500 520

The expression “surface explosion” was coined for an autocata- Temperature [K]
lytic increase in reaction rate in thermally induced surface reactions Figure 1. TPD series of R,R}TA on Cu(110). CQis generated by TA
occurring in a very narrow temperature rarfgehis phenomenon decomposition and desorbs instantaneously from the surface. The decom-
has been observed in thermal desorption spectra of decompositiorP0Sition signals for the bitartrate-(90,12)-, the monotartrate-(40,21)- and

. . the monotartrate-(41,25) structures are indicated by arrows, respectively.
products of formate and acetate species on single-crystal stffaces

i . With increasing coverage, a strong peak shift to higher temperatures is
and supported metal cataly3®sThe autocatalytic increase in  observed, while the fwhm decreases to a value of only 1.6 K for the (40,-

reaction rate has been explained by metal surface sites, which serve1) structure and of 2.2 K for the (41,25) structure.
as catalyst for a reaction that, in turn, creates new active sites. The
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CO, partial pressure [a.u.]

rate equation for such processtis: monotartrate, which is organized in a close-packed (40,21) structure
followed at saturation by an enantiomorphous (41,25) struéture.
doldt=A-6-(1—6)- g ERT We present here new results for the interaction of racemic TA

and the pure enantiomers with Cu(110) and focus on the different
in which @ is the molecular coverage and<16) the concentration thermal stabilities of the _closg-packed structur(_es prepare_d at 405
of free reactive substrate sites. To observe “surface explosion”, the K. Figure 1 reviews the situation O.f the conversion from bitartrate
adsorbed species must be stabilized far above its regular decom 0 Monotartrate for th(_eF(,_R)-ena_ntlo_mer. Shown are TPD mass
position temperature. As stabilizing preconditions causing the high spectra for carbon dioxide with increasin® R}TA surface
activation barrier, close-packed structures in densely packed islandscOVerage. The t hree Iowest-goverage peaks at about 459 K represent
or monolayers have been proposedinder those conditions, no the decomposition O.f the bltartratg SPecies. The tran_S|t|on o the
surface sites are initially available, i.e., 4 6) ~ 0. However, monota_rtrate layer is accompanied W't.h a strong Increase in
this does not account for the geometrical rearrangement of the desorption temperature as presented by five desorption curves with
molecule to react with the surface. Using molecules with mixed or peak temperatures ranging from ‘.160 t0 510 K. Once the (40,21)
pure chirality, we demonstrate here that within the close-packed structure Is completed, a peak with an unprecedented small full
lattice structure the stability of a molecule is influenced by the W'dth. ‘t’lt half-maximum (fwhm) of only 1.6 K is observed, _For the
structure of adjacent molecules, which adds a steric component totransmon from (4(.)’2_1) to (41,25) the peak t_emperatgre rises by 3
the activation barrier. K, and the fwhm is increased to 2.2 K. While the higher surface

On Cu(110), surface explosions have been recently reported forplensny egsfl\lkllhexplalns_the g'tghtir dhecﬁ mp;]os;mon tem{)e_razl;re, 4t;1e
succinic acid and forR,R-tartaric acidt?> The latter system, in glé:r?r:ﬁ_e md rtnls as'_slgge 0 rriedlg er teertoggr;el yinthe (41,-
particular, has been characterized in great detail by Raval and co- ) lattice due to a mixed mono Imer structure: L
workers!? Upon activation at 405 K, tartaric acid (TA) is adsorbed As molecular species desorblng fror.n. the surface,.carbon dioxide,
as bitartrate species, with both carboxylate groups attached to thervi‘;er‘ra?dr:ylirogzﬂi hgv; ?eenr']dfm'lﬂe?r’ ?1" evolt\:lng at tht;spasme
surface and the molecular frame distorted in a zigzag sawbuck € pel Zu .b 'IZ- 0 f’ A iyp 0 oetr(]ac 0 fspec oscopyt(_ t21
structuret* The molecules are arranged in a lateral structure with ltsl\llga'i c?ecéjr; (;Jp.t.gn :::larlc?gn'on € surtace, suggesting the
(90,12)-periodicityt> Depending on the enantiomer, the adsorbate wing posit ion:

Iatt!ce is aligned in opposng anglgs with respect tq the substrate 00C—HCOH—HCOH—COOCH —
lattice, thus showing two-dimensional (2-D) enantiomorphi&m. 1
With further increasing coverage the bitartrate is converted to 2C0O, +2H,0 +2C+ T H,
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The higher activation barrier for breaking down the close-packed
structure, therefore, stems from lateral interactions between the
molecules. It has been pointed out recently that the formation of
2-D enantiomorphous bitartrate structures is mediated by substrate
rather than governed by intermolecular hydrogen bdaé®.
Although racemate and pure enantiomer form the same monotartrate
lattice structure, i.e., the substrate geometry governs the self-
assembly, the formation of intermolecular hydrogen bonds, how-
rac.-TA —# ever, is influenced by the handedness of the molecules and can
still have an influence on the lattice stability. In particular, long-
range hydrogen-bonded chain structures cannot be established
—— | ——— within the (40,21) heterochiral structure as easily as in the respective
420 440 460 505 510 515 520 homochiral arrangement. The observed higher stability for the
Temperature [K] enantiopure lattice is in contrast to that of 3-D tartaric acid crystals
Figure 2. Comparison of C@desorption signals, representative for the and to most of the other Chlral STD Cr.ysté?sHowe.ve.r, 't, agrees
autocatalytic “surface explosion” reaction of TA, after exposure of the With the fact that at lower dimensionality homochirality is favored,

Cu(110) surface to racemic TA an@R,R)TA. (a) No differences in as observed for the self-assembly of biomolecules via hydrogen
desorption peak temperature are observed between the racemid 290, bonds.

and the enantiopure (90,12) structure. (b),&®D spectra for the (40,21)

monotartrate structures prepared at 405 K. The enantiopure (40,21) structure - Acknowledgment. This work was financially supported by the
exhibits a 8 K higher decomposition peak temperature than the racemic Schweizerischer Nationalfonds (SNF)

(40,21) structure. Dosing equal amounts of the pure enantiomers leads to a ’
(40,21) saturation structure that shows no substantial differences in
decomposition temperature with respect to the racemate.
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