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Circular dichroism (CD) of electronic and vibrational transitions oxirane, which contains three chemically distinct saturated carbon
has been widely used as a probe of molecular chirality. The atoms whose core electronic excitations are partially resolved at
extension of CD to core transitions is now possible at third- the edge of the absorption spectrum.
generation synchrotrons equipped with insertion devices which  The differential absorption experiments were all performed
produce radiation with a high rate of circular polarization. The first during a beamtime allocation of one week at the “POLAR”
CD measurements in the X-ray region were reported for core to beamline, which operates downstream from the Electromagnetic
valence state transitions of metal complexes in oriented crystalline Elliptical Wiggler (EEW)22 inserted in the 4.2 straight section of
chiral molecule’? and for bulk crystalline sampléd-lere we report the ELETTRA synchrotron in Trieste. The EEW produces alternate
the first CD measurements on a randomly oriented system: theright- and left-handed circularly polarized radiation at a frequency
carbon K-edge absorption spectrum of methyloxirane in the vapor of 0.1 Hz when operating in the wiggler mode. To invert the beam
phase. The signs and the intensity of the dichroism agree with polarization ellipses, alternating currents are applied to the horizontal
previous calculatiorf¢ indicating that a considerable hybridization  EEW coils. In this way the inversion of polarization handedness is
occurs between the core 1s and the valence molecular states.  produced dynamically every five seconds. The polarization handed-

Core electron excitations give rise to highly localized transitions ness convention is that of the viewer looking at the incoming light
which enable a very precise description of the ground and excited rotation. A suitable reference status voltage level from the EEW
states of a molecule, and thus help provide a geometrical descriptionpower supply controls timing of the measured signals to that of
of the coordination and short-range ordering around an absorbingthe polarization state. The magnitude of the Stokes pararfgter
aton?” as well as the assignment of excited-state symmetries andof the beam in the close vicinity of the carbon K-edge, at 276 eV,
insights into dynamic photochemical processes. The reported has been measured and computed taHe83. The resolution of
experimental and theoretical resfilis oriented systems at the L-  the monochromator was 200 meV at 300 eV with a flux ok 2
and K-edges of Nd, I, and Co provide new information about the 100 photon/s at the sample.
edge and near-edge structure of those compounds. It was shown A double Samson-type ionization céllseparated from the line
that the CD in these oriented systems is dominated by the yHvy by a SN, window 100-nm thick, was adopted to measure
interference of electric dipole and electric quadrupole excitation the absorption coefficients. Special care was devoted to ensure that
channels (the EXE2 mechanism). the molecular species under test were inert and stable, not

Except for a problematic ORD experiment at the cobalt  yndergoing any significant chemical reaction or decomposition in
K-edgei® no CD spectra have been reported for molecules in the experimental chamber. We ascertained the above by performing
random orientation. In this experiment the leading term contributing time-of-flight MS experiments and verifying that the valence and
to circular dichroism is the interference of the electric and magnetic ¢gre XPS and absorption spectra at the carbon and oxygen edges
dipole transition amplitudés (the EX-M1 mechanism) which,  were stable over long time periods. Time-of-flight-MS results

expressed as the rotational strength in the Rosenféthdon  showed that the parent ion of mass peaknat = 58 was always
equation, is given by the pseudoscalar product of the electric and present at several energies across the whole carbon K-edge. The
magnetic dipole transition moments fragmentation pattern was slightly different with respect to that

reported for valence excitatiofsnotably for the larger abundances

of ions me 26 and 14. No clusters or parent ions larger than
m/e = 58 were ever observed at any energy tested. As a conse-
quence, it can be stated that no chemical recombination takes place

inside the gas cell, and therefore the absorption spectra are

R¢ = Im|u|fE@m]iC

This expression carries information about the chiral scattering
paths of the photoelectron which is complementary to the informa-
tion obtained from standard X-ray absorption spectroscopy. For =~ S T
K-edge excitations the magnetic dipole transition element is, to a attributable only to the pure optical isomers under examination.

first approximation, zero because magnetic dipole transitions arising Flgure 1 shows the 'SOter'_C absorption spectrum of methyl-
from s orbitals are forbidden. Thus, the only possible source of oxirane. The absorption profile is composed of two steps, followed

magnetic dipole intensity involves tsp (particularly 1s-2p) by the white line and a shoulder; a vibrational progression is also

mixing. Two calculation®® have suggested that this mixing is visible. Few organic molecules have had their core electron
sufficient to produce observable CD for simple organic molecules, @0sorption spectra measured, and a photoemission experiment at

In this contribution we present the carbon K-edge CD of methyl- the carbon 1s core level was required to help understand the
absorption spectrum manifold of methyloxirane. Three states (see
 Department of Chemistry and Chemical Engineering, University of Paisley, pointing arrows in Figure 1) of 291.2, 292.2, and at 292.6 eV
Paisley PA1 2BE, United Kingdom. i R ; ;

* Department of Chemistry, University of Glasgow, Glasgow G12 8QQ, United _b'”f"”‘%' energ'es_were found in good agreement with the computed
Kingdom. ionization potentialS.
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Figure 1. Carbon K-edge absorption spectrum of methyloxirane with 60 -0.0001 1 L -0.0001
meV resolution and at 6< 10°1 mbar vapor pressure. The ionization
potentials of the three kinds of carbon atoms are indicated with vertical -0.0002 1 5000

arrows.
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Thus, the absorption spectrum at the carbon K-edge can beFigure 2. (&) Absorption and CD spectra 8(+)- and S{—)-methylox-

attributed to core level excitations originating from the three distinct

irane at 6x 10°1 mbar vapor pressure, (b) “composite” CD spectrum of
S{

—)-methyloxirane and that of the racemate as obtained by the “half-

carbon atoms. Although a clear-cut assignment of the transitions giference” and the “half-sum” of the spectra of the enantiomers. The
can come only from spectra in oriented systems, some empirical histograms are the rotational strength for 84g-)-enantiomer as calculated

considerations, based on ground states SCF energies, field effectsn
oxidation state, and atomic partial charge calculations, indicate th
the absorption spectrum will show the transitions localized at the

two oxygen-bound carbon atoms, i.e., methylene and methine, at

higher energies than that localized on the more protonated methylF.
Pruemper and the MPG group of the Fritz Haber Institute for the

group.

ref 5 “relaxed core” and aligned in energy to the experimental CD

atmaxima. The monochromator slits were set at /@ with an energy
resolution of 200 meV.
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The CD spectra of the enantiomers and that of the racemate areuse of the time-of-flight spectrometer.

shown in Figure 2a. All the spectra have a nonlinear sloping

background, and to remove this, the spectra of the two enantiomers
were halved and algebraically subtracted (see Figure 2b) leaving a
monosignate signal. Subtraction of the spectrum of the racemate
gave essentially the same results as can be anticipated by noti(:ingj3

Supporting Information Available: [S{—)-racemate] and the

“half-difference” spectra, ion yield graphs, XPS, and TOF spectra
(PDF). This material is available free of charge via the Internet at http://
ubs.acs.org.

the close resemblance between the “half-sum” spectrum and that
of the racemate. The ratio of the differential absorption intensities
to that of the absorption is of the order of £0Calculations, at
frozen and relaxed core approximatibhsuggest that transitions
from all three carbons are optically active. The methyl transitions
are calculated to be a near conservative couplet with a small energy
separation at 1.6 eV to lower energy of a multiplet attributed to
transitions arising from the methylene and methyne carbons. We
assign the experimental dichroism to this multiplet which is not
fully resolved due to the energy resolution of the experiment. The
overall sign and magnitude of the dichroism agree with both
theoretical predictions. We suggest that the methyl carbon dichroism
essentially cancels to zero because of the small energy splitting
and the resolution of the experiment. Due to the magnetic dipole
selection rule on transitions originating from s orbitals, it had been
unclear as to whether CD could be measured in randomly oriented
systems. Our experiments show that it can be measured and that
the magnitude of the dichroism is of the same order as that of

References

(1) Alagna, L.; Prosperi, T.; Turchini, S.; Goulon, J.; Rogalev, A.; Goulon
Ginet, C.; Natoli, C. R.; Peacock, R. D.; Stewartys. Re. Lett.1998
80, 4799-4802.

(2) Stewart, B.; Peacock, R. D.; Alagna, L.; Prosperi, T.; Turchini, S.; Goulon,
J.; Rogalev, A.; Goulon-Ginet, Q. Am. Chem. Sod.999 121, 10233~
10234.

(3) Goulon, J.; Goulon-Ginet, C.; Rogalev, A.; Gotte, V.; Malgrange, C.;
Brouder, C.; Natoli, C. RJ. Chem. Phys1998 108 6394-6403.

(4) Alagna, L.; Di Fonzo, S.; Prosperi, T.; Turchini, S.; Lazzaretti, P;
Malagoli, M.; Zanasi, R.; Natoli, C. R.; Stephens, PChem. Phys. Lett.
1994 223 402-410.

(5) Carravetta, V.; Plachkevytch, O.; Vahtras, O.; Agren,Gthem. Phys.
Lett. 1997, 275 70-78.

(6) Cheng, M.-C.; Rich, A. M.; Armstrong, R. S.; Ellis, P. J.; Lay, P. A.
Inorg. Chem.1999 5703-5708.

(7) Ma, Y.; Chen, C. T.; Meigs, G.; Randal, K.; Sette Ahys. Re. A 1991,

44, 1848-1858.

(8) Natoli, C. R.; Brouder, Ch.; Sainctavit, Ph.; Goulon, J.; Goulon-Ginet,
Ch.; Rogalev, AEur. Phys. J1998 B 4, 1—11.

(9) Peacock, R. D.; Stewart, B. Phys. Chem. B001, 105 351-360 and
ref 27 therein.

valence transitions. We believe the main reason the CD is so large (10) Siddons, D. P.; Hart, M.; Amemimya, Y.; Hastings, JPBys. Re. Lett.

is the close proximity of the 1s and 2p orbitals in first row atoms,
thus allowing the efficient mixing required to overcome the

199Q 64, 1967-1970.

(11) Chiu, Y.-N.J. Chem. Phys197Q 52, 1042-1053.
(12) Walker, R. P.; Diviacco, BRev. Sci. Instrum.1992 63, 332-335.

magnetic dipole selection rules. In addition we have shown that (13) samson, J. A. RI. Opt. Soc. Am1964 54, 6—15.
the experiment, even at low spectral resolution, can single out (14) Liu, F.; Sheng, L.; Qi, F.; Li, C.; Zang, Y.; Yu, S.; Lau, K.-C.; Li, W.-K.

particular carbon atoms, thus allowing the possibility of “tuning
in” to a specific chiral carbon atom in a large molecule.

J. Phys. Chem. A999 103 8179-8186.
JA039348V

J. AM. CHEM. SOC. = VOL. 126, NO. 14, 2004 4533



