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Photoelectron Spectroscopy and Circular Dichroism in Chiral Biomolecules:L-Alanine
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A theoretical treatment of the photoionization of the chiral amino ecithnine is presented. Particular attention

is paid to a previously unobserved circular dichroism which should be detectable in the photoelectron angular
distribution (CDAD) from randomly oriented molecules. Numerical estimates of this difference in the differential
cross-sections for left- and right-circularly polarized light range as large as 40% of the mean cross-section.
Three different low-energy conformational structures are considered. Further comparisons with the experimental
photoelectron spectrum suggest, however, that only one dominates in the gas phase. This concurs with other
experimental data but disagrees with conclusions drawn from previous molecular orbital calculations. The
magnitude of the predicted CDAD effect, especially when ionizing skeletal bonding orbitals, is sufficient to
suggest that it may provide an experimental means for successfully distinguishing optical and conformational
isomers.

Although circular dichroism in the absorption spectra of
optical isomers is a well-known effect, it is comparatively weak
(the difference between response to left- and right-circularly
polarized light being usually less than T0of the total).
However, another, more pronounced form of dichroism can
occur in measurements of théferential photoionization cross-
sectiont Whereas absorption dichroism results from quantum
interference between electric- and the much weaker magnetic-
dipole terms in the total cross-section (and is consequently
difficult to interpret and model a priori), circular dichroism in
the photoelectron angular distribution (CDAD) arises from the
stronger interference between pure electric dipole terms in the
differential cross-sectioh?

Until the present time theoretical and practical investigation
of molecular CDAD has focused on the behavior of the spatially
oriented or aligned diatomic species €Dand NO>7-° Target
molecule alignment allows a requisite “handedness” to be
created in the experimental geometry (molecular axis plus
photon and photoelectron directions), and can be accomplished
experimentally by surface adsorpti®fl® photoalignment in
REMPI processe®? or the investigation of electrerion recoil
vector correlations in dissociative ionizatibithese results for
oriented diatomic molecules (and also for the polyatomicslCH
and benzen® confirm expectations of a CDAD signal compa-
rable in magnitude to the differential cross-section.

However, the original predictio#$ also made clear that the
CDAD effect should be observable in chiral molecules, even
when these aregandomly oriented. In fact the lab-frame
photoelectron angular distribution for circularly polarized ion-
izing radiation can be shown to take the fof:

1,(6) = 1+ biPy(cosh) + bP,(cosh) (1)

where the indexp = +1 (—1) signifies left (right) circularly
polarized light. The coefficients of the second Legendre .
polynomial term areb;l — b2—1 = —Y, B, wheref is the Figure 1. Low-energy conformers af-alanine.

traditional photoelectron asymmetry parameter obtained with linearly polarized light; the first Legendre polynomial coef-

. . +1 . . .
T Telephone: 44 115 951 3467. Faxt44 115 951 3562. E-mail flCle_nts, by, are zero for all but chiral r_nlolecules in which
ivan.powis@nottingham.ac.uk. particular case they are related W = —b; . (It may also be
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TABLE 1: Energies of L-Alanine Conformers
B3LYP/6-31G** 6-311++G** MP2b

absolute relative absolute relative
conformer (au) (cm™) (au) (cm™)
1 —323.757173 —323.103013
2 —323.757710 —118 —323.102783 51
3 —323.756963 +46 —323.102256 166

aThis work.? Ref 22.
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Figure 2. Photoelectron spectrum of alantAeompared with calcu-

lated ROVGF/cc-pVDZ ionization energies for conformet$—(3).
The height of each calculated bar is proportional to its CMBexoss-
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Figure 3. CMS-Xa photoelectron anisotropy parameters for circularly
polarized photoionization of the indicated orbitals ealanine ()
leading to the ground, second, and fourth excited electronic states of
the ion.

large molecules which lack simplifying symmetry elements and
the CMS-Xo. continuum multiple scattering treatment, utilizing
an Xa local-exchange potential, has been used for this pur-
poset213 This method is well established for calculating total
cross-sections and parameters of, for example, rigid poly-
atomic molecule$~1° and has recently been shown to be
capable of providing a good account of doubly differential
molecule-frame cross-sections in 4LF%21a far more stringent
test of the method.

The CMS-Xu calculations assume a fixed molecular geom-
etry. Unlike almost all previous applications, however, gaseous
alanine cannot be simply considered as a rigid molecule. Recent
calculations identify a number of low-lying conformatiof?
such that several may be expected to coexist in a sample at
thermal equilibrium. But rotational spectra recorded in a free-
expansion jet identify only a single dominant conforméj){f

section. Peak location software was used to identify marked peak see Figure 1] withZ), the only other structure detected, being

positions in the experimental spectrum.

noted that thed} coefficients for ap- andL- enantiomer pair
are simply related by a sign change.) From eq 1 and the

preceding relationships the CDAD signal may be written:

1,1(8) — 1_,(8) = (b]* — by ")P,(cosh) = 2b;* cosh  (2)

Numerical CDAD estimates for randomly oriented chiral

one-eighth less populatééi Similarly, gas-phase electron dif-
fraction result®® were explained by reference to just the single
conformation ().

The three lowest-lying conformers identified by earlier
calculationd?24 (1—3 in Figure 1) have been considered in this
work. To obtain a complete set of geometric parameters for each
conformation, full density functional geometry optimization
calculations were performed using a B3LYP functidhéland
6-31G** basis set, as implemented in the Gaussian 94 paéRage.

molecules may thus be obtained by calculating electric dipole As expected these structures are predicted to lie within a few

photoionization matrix elements and hence Inﬂeoefficients,

hundred cm? of each other (Table 1). Model & potentials
were then obtained for each B3LYP/6-31G** molecular geom-

as recently done for the first time far-glyceraldehyde and
p-lactic acid!! In this communication photoionization of the etry and subsequently used to calculate the ground -state
gaseous amino acidalanine (CHCHNH,COOH) is investi- continuum matrix elements for each assumed conformation.
gated. Current ab initio approaches to the calculation of the Further details of the method and procedures adopted may be
required nonk2 continuum functions are not feasible for such found in ref 11.
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Figure 4. Photoelectron angular distributiorisy(6), as a function of electron energy for photoionization of the indicated orbitalsat#nine ().

The gas-phase photoelectron spectrum (PES)alfining® propensity to overestimate the magnitude and sharpness of shape
shows a number of well-resolved bands. Theoretical estimatesresonance features.

of the vertical ionization energies for each optimized B3LYP/  For jonization of the HOMO (outermost valence orbital), the
6-31G** geom_etry1—3) were calculated using an outer-valence chiral anisotropy parameter is smal||bi| < 05, and is
Green'’s function (OVGF) methd®#®! and a cc-pVDZ basis,  gjgnificantly less than typical values previously obtained for
again as implemented in the Gaussian 94 packédhese  giyceraldehyde and lactic acld.Similarly, for the next two
calculated values and the experimental PES are compared ifyolecular orbitals in sequence, the HOMO-1 and HOMO-2,
Figure 2. It can be seen that there is an exceptionally good although in the latter cask; is enhanced around the lower
correlation between experimental and calculated peak positionsenergy shape resonance (Figure 3). However, these outer orbitals

ford(l). In contLalst, the I(lzalculallteddior_lirz]ation f_snergiesdIZ)r (Id are highly localized on the N (HOMO) and O atoms (HOMO-
and @) are much less well correlated with experiment and wou 1,-2), an assignmetftconfirmed by the present calculations. It
appear to make no significant contribution to enhancing the .

overall agreement between experiment and theory, except's then possible to rationalize the small parameters seen

perhaps for the lowest energy PES band. The PES data in Figur: here_by arguing that what are es_sentlally lone-pair elect_rons,
; - . ocalized away from the asymmetric carbon center, are unlikely

2 therefore leads one to concur with the proffered interpretations Iy A )
to be greatly sensitive to the chirality of the molecular scattering

of millimeter-wavé* and electron diffractiof? studies, that potential. Conversely, the increase l“i displayed by the
structure {) is in fact the dominant experimental gas-phase : . ' .
O P gasp HOMO-2 orbital at ~7.5 eV suggests that the increased

conformation. lect . i t sh low th
CMS-Xa. resullts for the electron angular distribution param- €/€ctron~1on coreé coupling at shape resonance may aflow the
electron to become more sensitive to the molecular potential.

eters following photoionization by left circularly polarized light
are shown for three representative orbitals of conforrpimn( The third example chosen to be presented in Figure 3 is the
Figure 3. Some of the structure evident in the curves can beionization of the HOMO-4 orbital of 1), which is the first
associated with a broad predicted shape resonance in the electrogkeletalo-bonding orbital. Now the calculatesf parameter is
continuum, at kinetic energies in the rangeSeV, and a second  significantly bigger than in the previous examples, and indeed
weaker resonance atl2 eV. These resonances influence, to its magnitude is comparable to, or even greater tharb%tl@é)
some degree, the ionization of all other valence orbitals of all parameter. This helps corroborate an inference from the preced-
three studied conformers. A caveat is, however, appropriate ining rationalization, that delocalized initial orbitals should display
that a well-established limitation of the CMSeXnethod is its greater sensitivity to the asymmetric chiral molecular framework.
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Figure 5. Predicted circular dichroism (CDAD) for ionization of the six outermost orbitals-atanine: bottom row, HOMO; top row, HOMO-5;
Left column, conformerX); middle column, conformer2j; right column, conformer3).
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