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Comments on “Mirror Symmetry Breaking” of the
Centrosymmetric CaCOj; Crystals with Amino Acids
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I n a recent Communication “Phase
selection of Calcium Carbonate Through
the Chirality of Adsorbed Amino Acids”
published in this Journal, Tremel and co-
workers reported crystallization of cal-
cium carbonate in the presence of chi-
ral-resolved and racemic o-amino
acids." As an illustration of their results,
shown in Figure 1, they found that
L-alanine induced precipitation of vater-
ite, the least stable of the three CaCO;
polymorphs, whereas the presence of
D-alanine yielded, predominantly, the
stable polymorph calcite. Racemic ala-
nine induced crystallization of calcite
only. The L- and p-forms of proline led
to the crystallization of aragonite, the
third CaCOj; polymorph, and calcite
(with minor aragonite contamination)
respectively. The corresponding forms
of a-amino butyric acid, which behaved
similarly, yielded aragonite and calcite
respectively.

These results appear to provide a
deterministic route to “mirror-symme-
try breaking”, which may have far-
reaching ramifications, in particular for
the emergence of homochirality on
Earth. In our view, however, they violate
basic principles of symmetry.

The three CaCOj; polymorphs are
centrosymmetric in structure. Crystals
with this symmetry are delineated by
pairs of opposite faces (h,k,l) and
(—h,—k,—1). If these faces are chiral,
they are enantiotopic to each other, but
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if achiral, they are congruent. The
interaction between the face (4,k,l) with
a chiral additive of L configuration, will
be equienergetic to the interaction of
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the (—h,—k,—I) face with the additive of
D configuration.

These symmetry relationships are
depicted in Figure 2 by a representative
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Figure 1. X-ray diffraction patterns!"! of CaCO, samples obtained with the addition of 1 mgmL™"

L-, D-, or racemic alanine.
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Figure 2. Morphology and photographs of centrosymmetric crystals of a-glycine as well as those
grown in the presence of p-, L-, and D,L 0-amino acids as additives.
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example involving the changes induced
by the presence of D- and L-o-amino
acids in the growth and morphology of
the centrosymmetric a-polymorph of
glycine.”! The relationships are also in
agreement with dissolution experiments
involving etch pit formation at disloca-
tion sites. For example, the cleaved
opposite (010) and (010) enantiotopic
faces of a-glycine, dissolved for several
seconds in the presence of D- and L-
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alanine respectively, exhibit mirror sym-
metry®? (Figure 3). Similar principles
were found to operate in the poly-
morphic behavior of glycine.”

Tremel and co-workers, in interpret-
ing their results, discussed the interac-
tion of a (104) face of calcite with the D-
and L-a-amino acids, describing the
symmetry of this face as chiral P1. In
fact, the (104) surface is achiral, its
symmetry being pg. The plane of glide
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Figure 3. a) Photographs of the (010) and (070) faces of platelike
a-glycine after etching each in the presence of p-alanine. b) An a-glycine crystal cleaved to form
(010) and (070) faces, subsequently etched in the presence of b- and L-alanine respectively, to

yield enantiomorphous etch pits.
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Figure 4. Packing arrangement of the (104) layer of calcite. a,b) Views perpendicular and parallel
to the layer plane. The u and v axes are parallel to the crystal axes b and a+ 0.5b—0.25¢,
respectively. The glide planes (dashed green line) and twofold axes (green arrows) are shown.
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g is perpendicular to the face shown in
Figure 4, which also depicts the CaCO;
packing arrangement in the (104) layer.
The symmetry of this layer, as opposed
to its surface, is centrosymmetric P2g,
where the twofold axis (2) passes
through the C—O bond. All six symme-
try-related (104) type-faces are crystal-
lographically identical. Therefore, the
energy of interaction between D- or L-
chiral additives with calcite crystals will
be the same. Furthermore, the above
considerations are consistent with the
enantioselective adsorption and etching
behavior of a-amino acids on various
faces of calcite, reported by Hazen et
al.,”’ and De Yoreo et al.!’! For example,
the shape of the etch pits on the (104)
face of calcite induced by glycine, ex-
hibit mirror symmetry, and the etch pits
induced by D- and by L-aspartic acid
appear related to each other by mirror
symmetry,”! in keeping with the enan-
tiotopic relationship between chiral
steps related by the glide plane.

The above-mentioned rules of sym-
metry must hold during formation of the
centrosymmetric CaCOj; crystals, in-
cluding nucleation and the formation
of reaction intermediates, irrespective of
the presence or absence of defect sites,
which, on average, obey the rules of
symmetry. By comparison, an analogous
set of symmetry rules holds for the
asymmetric synthesis of prochiral mole-
cules in solution.”:®!

We do not dispute the possibility
that different polymorphs of CaCO;
may be obtained from the enantiomers
of a-amino acid in (isolated) experi-
ments, in which there are random vari-
ables. Moreover, Kinetic considerations
cannot be invoked to account for the
results obtained since they would apply
equally to both enantiomers in a set of
repeated experiments.

In summary, we are of the opinion
that the crystallization experiments re-
ported by Tremel and co-workers vio-
late basic rules of symmetry. We suspect
the presence of chemical, biological, or
other homochiral or achiral contami-
nants” present in the system.

Online veroffentlicht am 26. March 2008

[1] S.E. Wolf, N. Loges, B. Mathiasch, M.
Panth, W. Tremel, Angew. Chem. 2007,

www.angewandte.de

Chemie

3739


http://dx.doi.org/10.1002/ange.200700010
http://www.angewandte.de

Korrespondenz

119, 5716 -5721; Angew. Chem. Int. Ed.

2007, 46, 5618 - 5623.

[2] I. Weissbuch, L. Leiserowitz, M. Lahav,
Top. Curr. Chem. 2005, 259, 123 -165.

[3] I. Weissbuch, L. Leiserowitz, M. Lahav,
Adv. Mater. 1994, 6, 952 -956.

[4] V. Torbeev, E. Shavit, I. Weissbuch, L.
Leiserowitz, M. Lahav, Cryst. Growth

Des. 2005, 5, 2190-2196.

The Ultimate Periodic Table
& Think &£

3740

BSR4

www.angewandte.de

98, 5487 -5490.

411, 775-T79.

[5] R.M. Hazen, T.R. Filley, G. A. Good-
friend, Proc. Natl. Acad. Sci. USA 2001,

[6] C. A. Orme, A. Noy, A. Wierzbicki, M. T.
McBride, M. Grantham, H.H. Teng,
P. M. Dove, J.J. DeYoreo, Nature 2001,

[7] E. Elliel, S. Wilen, Stereochemistry of

[8] K. Mislow, M. Raban in Topics in Stereo-
chemistry, Vol. 1, (Eds.: N.L. Allinger,

E.L. Eliel), Wiley, New York, 1967,

pp. 1-38.
[9] M. Lahav, I. Weissbuch, E. Shavit, C.
Reiner, G. J. Nicholson, V. Schurig, Ori-

gins Life Evol. Biosphere 2006, 36, 151 —

170.

Organic Compounds, Wiley, New-York,

1994.

E. Fluck / K. G. Heumann
The Ultimate Periodic

Table
Look - Think - Learn

Handy for studying, teaching, and
research, the unique, color-coded lay-
out allows more than 3,000 elements
to be displayed on the chart - much
more than on any standard periodic
table. Includes the first data on the
recently discovered, as yet unnamed,
heavy elements 112 to 118.

1 pp, Nonbook/Nonelectronic,
€19.90
ISBN: 978-3-527-32082-0

Prices are subject to change without notice.

M. Gewehr (ed.)
Japanese-English
Chemical Dictionary

Including a Guide to Japanese Patents
and Scientific Literature

A dictionary for scientists and scientific
translators with more than 15,000
chemical terms given in kanji/kana
script, romaji transcription and English
translation. Invaluable in dealing with
the chemical industry of the world'‘s
second largest economy.

680 pp, cl, € 159.00
ISBN: 978-3-527-31293-1

You can order online via http:/fwww.wiley-vch.de
Wiley-VCH Verlag GmbH & Co. KGaA - POB 10 11 61 - D-69451 Weinheim, Germany
Phone: 49 (0) 6201/606-400 - Fax: 49 (0) 6201/606-184 - E-Mail: service@wiley-vch.de

© 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Edited by Markus Gewehr FWILEY-VCH
e

Japanese-English
Chemical Dictionary

Including a Guide to Japanese Patents
and Scientific Literature

Angew. Chem. 2008, 120, 3738 —3740



http://dx.doi.org/10.1002/ange.200700010
http://dx.doi.org/10.1002/anie.200700010
http://dx.doi.org/10.1002/anie.200700010
http://dx.doi.org/10.1002/adma.19940061211
http://dx.doi.org/10.1021/cg050200s
http://dx.doi.org/10.1021/cg050200s
http://dx.doi.org/10.1073/pnas.101085998
http://dx.doi.org/10.1073/pnas.101085998
http://dx.doi.org/10.1038/35081034
http://dx.doi.org/10.1038/35081034
http://www.angewandte.de

