
Assignment of the total C photoabsorption spectrum of CF3CN
in the K-shell region has been established with the help of an angle-
resolved photofragment ion spectroscopy.  The anisotropy parame-
ters for the energetic CF3

+ and CN+ fragments were evaluated at
the selected photon energies.  The linear C–C≡N skeleton basically
held in this region since the strongly negative anisotropy parame-
ters were obtained at the πCN* ← CF(1s) transition.

Inner-shell excitation spectra of molecules in the regions of
the C, N, O, and F K-shell excitations contain a variety of pro-
nounced resonances.1 Extensive studies have been performed so
far to obtain information about the electronic structures of the
inner-shell excited states of molecules.  The assignment of features
observed in the spectrum is, however, sometimes a difficult task
because transitions from, for example, carbon atoms with different
chemical environments occur at the different excitation energies
and lead to the formation of complicated peaks in the spectrum.
Angle-resolved ion yield spectroscopy has been developed and
applied to K-shell excited diatomic and triatomic molecules,2–7

showing that this technique is a powerful means to get information
about symmetries of the K-shell excited states.

Trifluoroacetonitrile (CF3CN) is one of the intriguing mole-
cules in two respects.  Firstly, one can selectively excite a specific
atom (F, N, or either C).  Fluorine is the most electronegative atom
and induces the largest chemical shift around it in a molecule.
Secondly, we can investigate the fragmentation dynamics of the
inner-shell excited molecule noticing the linearity of the C–C≡N
skeleton.  Whether anisotropic fragmentation can be observed in the
polyatomic molecule is our concern here.  In our previous study,8 a
strong anisotropy was observed for the energetic CF3

+, CF2
+, and

CN+ fragment ions at the πCN* ← N(1s) resonance excitation.  That
is, the Π–Σ symmetry transition basically holds. In the present study
we extend the result to the assignment of the C K-shell photoab-
sorption spectrum with the help of the angle-resolved time-of-flight
(TOF) mass spectral data acquired at the selected photon energies.

The experiments were performed on the beamline BL8B1 at
the UVSOR facility of the Institute for Molecular Science.9

Photoabsorption spectrum was observed at room temperature in
the C K-shell region with the energy resolution E/∆E ~ 2000.9 An
ion chamber with two 10-cm long electrodes was used.  The pho-
ton beam entered through an Al thin filter.  The ion current was fed
to a picoammeter and stored in a personal computer, together with
the sample pressure of CF3CN gas monitored with a capacitance
manometer.  The photon energy was calibrated using the π* reso-
nance transition of CO at 287.3 eV.10

The TOF mass spectra were also measured at several photon
energies including the prominent resonance peaks observed.  An
energy resolution of about 1 eV was employed for the measure-
ment.  The sample gas was introduced into the main experimental

chamber as an effusive molecular beam through a gas nozzle which
is mounted orthogonal to both the photon beam axis and the TOF
mass spectrometer tube.11 An Al thin filter was inserted upstream
in order to suppress the scattered stray light.  The pressures in the
chamber during the measurements were kept at 1 × 10–3 Pa.  The
spectrometer was operated under the Wiley–McLaren space-focus-
ing conditions12 with an extraction field of −250 V/cm in the pres-
ent study.  The TOF mass spectra were acquired at 0° and 90°
angles with respect to the linearly polarized electric vector of the
incident photon.  In these spectra the contribution of background
originating from the ionization of valence electrons was subtracted
by the measurement of the spectra at around 283 eV.  The sample
gas for the present study was purchased from SynQuest
Laboratories, Inc. and was used without further purification.

The upper panel of Figure 1 shows the photoabsorption spec-
trum of CF3CN in the C K-shell excitation region.  The most
intense peak at 286.7 eV is assigned to the πCN* ← CN(1s) transi-
tion by analogy with the corresponding spectrum of acetonitrile,13

where the CN(1s) denotes the 1s electron of carbon atom of the
C≡N group (the CF(1s) denotes that of CF3 group).  A small hump
at 289.9 eV can be assigned to the promotion into the 3s Rydberg
state. The spectrum in the photon energy region ≥ 291 eV is, how-
ever, composed of a number of transitions.  In order to extract the
peak positions of the overlapped and/or embedded states, we have
carried out a least-squares peak fitting for the entire photoabsorption
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spectrum, assuming the peaks having the same FWHM.  The result
is also shown in Figure 1.  The further assignment will be much
easier when one obtains information about the symmetry character
of each peak in the spectrum.  We now focus on the analysis and
results of the angle-resolved photofragment ion spectroscopy.

The angular distribution of fragment ions is expressed by the
following equation on which the angle-resolved photofragment ion
spectroscopy is based:14

where σ is the photoabsorption cross section, σt is the total pho-
toabsorption cross section, θ is the angle between the direction of
light polarization and the velocity vector of the fragment ion, and β
is the anisotropy parameter.  In the present analysis the TOF mass
spectral profiles of CN+ and CF3

+ ions observed at the 0° and 90°
angles were used to obtain the anisotropy parameters.  We took
only the energetic ions with kinetic energies ≥ 2.96 and 2.37 eV for
the CN+ and CF3

+ ions, respectively, into consideration because
slow ions are ejected almost isotropically due to the long
lifetimes.15 The energetic ions showed two wings in the lower-
and higher-mass regions in the TOF spectrum, just as observed in
the previous paper.8

The profiles of CN+ and CF3
+ peaks were reproduced by the

fitting method developed by Saito and Suzuki.16 The resultant
anisotropy parameter β values are shown in the lower panels of
Figure 1 as a function of the photon energy.  At the πCN* ←
CN(1s) resonance transition the β values for CN+ and CF3

+ ions
were found to be −0.46 and −0.21, respectively, which support
our assumption that the linear C–C≡N skeleton is basically pre-
served in the C K-shell excitation region as well.  This finding
allows us to make assignment of the photoabsorption spectrum fur-
ther, based on the anisotropic distributions of the energetic frag-
ment ions.  That is, one can assign a Π–Σ symmetry transition to
the peak with a negative β value, whereas a Σ–Σ symmetry tran-
sition can be assigned to the peak with a positive β value.17

The distinct anisotropic distribution of the energetic ion was
found at 295.1 and 296.5 eV.  The β value for CF3

+ at 295.1 eV is
−0.62, while β = +1 at 296.5 eV. Similar results were obtained for
the CN+ ions.  We thus assign these two peaks to the πCN* ←
CF(1s) and σCC* ← CF(1s) transitions, respectively.  The weak
peak components were assigned by referring to the published data
for similar compounds.18 The peaks around 299 eV are heavily
overlapped, and thus the evaluation of the deduced β values is not
simple.  The β value of CN+ suggests that the formed CN+ is eject-
ed into isotropic direction.  The positive β value of CF3

+ supports
that a σ* level is embedded in this region.  Table 1 summarizes the
energies, term values, quantum defects, and proposed assignments.

The experimental ionization potentials have not been reported
yet, except an estimated value of 294 eV for the CN(1s)–1 thresh-
old.18 The present analysis yields 294.1 and 299.8 eV for CN(1s)–1

and CF(1s)–1 thresholds, respectively.  The latter threshold value
agrees well with that for hexafluoro-2-butyne (299.9 eV).18

In summary, we have measured the total photoabsorption
cross section of CF3CN in the C K-shell excitation region.  The
features of the peaks have been assigned with the help of the data
obtained by the angle-resolved photofragment ion spectroscopy, in
which the anisotropy parameters for the CF3

+ and CN+ ener-
getic fragment ions were evaluated at the selected photon ener-
gies.  The analysis as to the fragmentation process is now in
progress and the results will be presented elsewhere.19
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