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Detailed study of pyridine at the C1 s and N1s ionization thresholds: The
influence of the vibrational fine structure
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High resolution, vibrationally resolved, near-edge
at the C 1s and N 1s ionization thresholds of pyridi
have been recorded. The high resolution of 65
thresholds reveals vibrational structures in the s
theory ~DFT! calculations were performed to inte
observed peaks. In particular we focused on the
components of the C 1s→1p* transition. For this
through a linear coupling model in the DFT calcu

;2:3 intensity ratio between the twop* components i
obtained without vibrational effects. After inclusion
addition to the vibrational effects, both theoretical
experiment. ©2001 American Institute of Physics@

I. INTRODUCTION

The near edge x-ray absorption fine structure~NEXAFS!
spectrum of pyridine~C5H5N! is not yet fully understood.
Especially for the carbon 1s ionization threshold, where a
splitting of the firstp* resonance is observed, there are un
certainties about the assignment of the peaks and the orig
of the splitting. Recent theoretical calculations1–3 seem to
support the assumption, that the splitting is due to the chem
cal shifts4 since the different C atoms in ortho, meta, and
para positions relative to the nitrogen atom possess differe
excitation energies. A second explanation found in the litera
ture is that the transitions are due to excitations into the tw
lowest unoccupiedp* -orbitals of pyridine~Fig. 1!,5 which
are no longer degenerate due to the disturbance by the nit
gen atom.
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ray absorption fine structure~NEXAFS! spectra
and deuteratedd5-pyridine in the gas phase

meV~150 meV! at the C s ~N 1s! ionization
ectra. Detailedab initio and density functional
ret the experimental spectra and to assign the
reviously unexplained intensity ratio for the two
nsition the vibrational structure is included
tions and leads to the experimentally observed
n the C 1s spectrum rather than the;3:2 ratio
of relaxation effects in the excited states, in
methods yield almost perfect agreement with
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Although the chemical shift explanation has been fa-
vored, the intensity ratio of the splitted peak has never been
reproduced correctly in the published theoretical
calculations.1,3 Since the shift to higher energy occurs only
for the two ortho C atoms, a 3:2 ratio is expected and also
obtained theoretically.1 However, the experimental spectrum
shows the inverse ratio.

In the present work we present new experimental spectra
for both pyridine and the deuteratedd5-pyridine at substan-
tially higher resolution which also allows an analysis of the
vibrational structure. In combination with more detailed,
high-level theoretical calculations, including both relaxation
effects and the vibrational structure of the firstp* peaks, we
present an explanation of the origin of the observed change
in the intensity distribution. Furthermore we display N~1s!
NEXAFS spectra at high resolution and show, by using a

6 © 2001 American Institute of Physics

IP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp




