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Methods for sensing chirality are generally based on nonracemic Scheme 1. Enantiomers Inducing Positive CD Bands at 4 ~ 200
host receptors interacting with target nonracemic guests. Optically "™ in 0-Form s-PS Films

active cyclic compounds, such as modified cyclodextrins, cyclo- .
phanes, and crown ethéfsand optically active polymetsare )K
among the most extensively studied host molecules. However, these ° ’

z
receptors are generally unsunable_ for chlre_\I sensing by F:lrcular SO RO 0 oo (125,500
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their possible intrinsic CD. o
Methods for sensing chirality based on racemic host receptors %}/ _ -
interacting with target nonracemic guests have been also proposed. T
For chromophoric racemic receptor molecules, their noncovalent
. . . . . (IR)-(-) (1849)-(-)  (18,59)-(-) (184R)-(-) (S)-(+)
bonding to a nonracemic guest can provide an induced circular 3-Carene  Camphor  o-Pinene  o-Thujone p-Citronellene
dichroism (ICD) in the absorption region of the receptor.

Particularly suitable are macromolecular receptors, being able present intense ICD phenomena in the polymer absorption region.
to form regular helices and hence in most cases being stereoreqn particular, independently of the chemical nature of the chiral
gular~*3In fact, racemic polymers can lead not only to detection molecules, a major Cotton band at about 200 nm and a minor Cotton
but also to amplification of chirality, since cooperative interactions pand of opposite sign at about 224 nm are observed. Hence, the
with low-molecular-mass nonracemic compounds can generate contribution of the intrinsic CD of the guest molecules, to the CD
prevalence of one polymer helical hand. spectra of the polymer films, is negligible.

These chirality transfer and amplification phenomena have been  This is shown, for instance, by the CD spectradeform s-PS
generally observed in solutién!® However, the possible occurrence films, having a thickness of 0,4m and spin-coated onto quartz
of transfer and amplification of chiral information could be syrfaces, after a few minutes of exposure to the vapoRpfgnd
particularly relevant for solid polymer films, since they could in (9-limonene and of R)- and ©)-carvone (Figure 1A and B, res-
principle have applications in chirooptical switches and data storage pectively). The intensity of the ICD phenomena is strongly depen-
systems. In our knowledge, as for films, there is only a report of dent on the chemical nature of the chiral molecules (e.g., for carvone
transfer of chirality to an optically inactive polysilane film from  roughly ten times more intense than for limonene, see Figure 1)
an optically active rigid rodlike polysilart. and remains essentially unaltered after complete guest removal (for

In recent years, the polymorphic behavfoof a stereoregular instance, by extraction by supercritical carbon dioxide) as well as
polymer (syndiotactic polystyrene, s-PS) obtained by homogeneousafter successive absorption of other racemic or nonracemic guests.
Ziegler—Natta catalysis has been extensively studied. Several The observed chiroptical behavior is similar to that one observed
studies have been devoted to the so-cabledrystalline phase  and calculated for co-isotactic copolymers of a nonracewotefin
(including s(2/1)2 polymer helices) which is nanoporous since it ((R)-3,7-dimethyl-1-octene) with styrene, which has been attributed
presents two identical cavities and eight styrene monomeric units to phenyl substituents of helical chaiffsOn the basis of these
per unit cell*7In fact, it rapidly and selectively absorbs suitable literature helicity assignments, it is possible to suggest that negative
guest molecules (both from gas phase and aqueous solutions, eveand positive Cotton bands At 200 nm can be attributed to right-
at very low concentrationsf, 2° eventually leading to polymer/  handed and left-handed syndiotactic polystyrene helices, respec-
guest clathrafé-2?! or intercalat& cocrystals. Hence, these new tively.
materials are promising for applications in chemical separations s-PS films, being amorphous or presenting dense crystalline

and air/water purificatiod®2° as well as in sensoriéd?* In phases ¢, 3, or y), do not show any ICD phenomenon after
particular,o form s-PS films have been used as sensing elements exposure to the considered optically active molecules. Hence, the
of molecular sensors based on a quartz crystal microbafaand presence of a nanoporous crystalline phase is a necessary condition
on a fiber optic refractometét. to observe the described ICD phenomena.

In this Communication we show that suitable nanoporous  Wide-angle X-ray diffraction (WAXD) and Fourier-transform
crystalline s-PS$-phases, although racemic since they contain an infrared (FTIR) linear dichroism measurements show that the chiral
equal number of enantiomorphous helices, can be an extremelymolecules of Scheme 1 are absorbed as guest of the chost
efficient tool in the detection of nonracemic molecules. In fact, nanoporous phase, eventually leading to cocrystalline phases. Just
these nanoporous films not only can concentrate volatile nonracemicas an example, WAXD patterns éfform s-PS films, before (A)

molecules, as generally observed for organic compothésput and after room temperature absorption of limonene or carvone
they can also become optically active, because of the also temporary(nearly 15 wt %) are shown in Figure 2. The pattern ofdHerm
formation of cocrystalline phases with nonracemic guests. (Figure 2A) shows the presence of 010 and 020 reflections clearly

CD spectra of suitablé-form s-PS films, after exposure to  indicating the occurrence of the (010) uniplanar orientation typical
several nonracemic molecules (like those shown in Scheme 1), canof films cast (or spin-coated) from tetrahydrofuran or chloroféfm.

10992 = J. AM. CHEM. SOC. 2007, 129, 10992—10993 10.1021/ja0732936 CCC: $37.00 © 2007 American Chemical Society



COMMUNICATIONS

(S)-Limonene A
10
B 0
=
£
a
o -10
(R)-Limonene
(R)-Carvone B
100
Ei 0
=
E
8 -100
(S)-Carvone

200 220 240

Wavelength (nm)

Figure 1. CD spectra ob-form s-PS films spin-coated onto quartz surface
after exposure to vapors of (AR)- or (S)-limonene; (B) R)- or (§-carvone.
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Figure 2. X-ray diffraction patterns (Cu K) of spin-coated-form s-PS
films (presenting (010) uniplanar orientation), before (A) and after room
temperature sorption of limonene (B) or of carvone (C). The shift of the
(010) peak indicates the formation of cocrystalline phases between the
polymer-host and the chiral-guest.

The absorption of limonene and carvone produces significant shifts

of the 010 diffraction peakdpo~ 10.5 A for thed phase increases

up to 12.5 and 13.0 A for limonene and carvone absorption, respec-

tively), clearly indicating the formation of hosguest cocrystal&®
Hence, the observed ICD phenomena of Figure 1 are related to

the recrystallization of the racemic nanoporodisphase into

nonracemic cocrystalline phases, being induced by absorption of

This behavior can be considered a sort of antonym of the results
described by Farina et al., where low-molecular-mass racemic
monomers (e.gtrans-1,3-pentadiene) give rise to nonracemic
polymers (e.g., isotactitans-1,4-polypentadiene), when enclosed
as guest and polymerized into nonracemic host low-molecular-mass
crystals (e.g, perhyrotriphenyler®)In synthesis, in our case a
nonracemic guest induces the formation of nonracemic host polymer
crystals, while in the Farina’s experiments a nonracemic host crystal
induces the formation of nonracemic guest polymers.

It is worth adding that the obtained chiral-sensing films are based
on a cheap commercial polymer, being easy to process and
presenting good mechanical and optical properties as well as thermal
and chemical stability.
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