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Electron and positron cross sections have been investigated experimentally for scattering from benzotrifluo-
ride �C6H5CF3� molecules over the energy range 0.2–1000 eV. The current results have been compared with
our previous results for C6H6 molecules. Similar to C6H6, a peak has been observed in electron total cross
sections �TCS� centered at 8.0 and a shoulder at about 40 eV. Vibrational excitation cross section experiments
were carried out to probe the origin and nature of the 8 eV peak. For positron TCS, a broad peak spanning the
region 0.8–15 eV and a change in slope at about 40 eV are observed with the only difference between the
current results and those of C6H6 observed in the region 1–100 eV.
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I. INTRODUCTION

We have interests in gaining insights into the substitu-
tional effects on benzene �C6H6� as models of unsaturated
systems, so that a general principle may be extracted for
better understanding of the electronic as well as geometrical
molecular-structure effects on electron and positron scatter-
ing. The earliest theoretical works on benzene consistently
observed in excitation cross sections that � electrons are
clearly easy to promote to the lowest excited levels �1,2�.
The substitution of any H atom�s� from the benzene
molecular-structure results in either donation or extraction of
electron�s� to or from the benzene ring with significant ef-
fects on the physical and chemical properties of the resulting
molecules, for example, electron affinities �3�, thermal elec-
tron mobilities �4�, rate constants for electron attachment �5�,
and basicities �6�. Some interesting phenomena that have
been observed so far to be characteristic of these benzene-
derived molecules include �i� the lifting of the degeneracy of
the two lowest unoccupied � orbitals, compared to benzene,
�ii� shifts in the positions of the peaks corresponding to
compound-negative-ion states observed in threshold-
electron-excitation spectra �7�, and �iii� enhancement of scat-
tering cross sections due to the additional contribution from
electron attachment �see �8,9� and references therein�. In
general, electron capture by these molecules involves �� mo-
lecular orbitals and thus serves as a probe of the effect of the
substitution of an H atom by an atom or radical upon the
orbital energies.

Our group has so far carried out systematic studies of the
benzene H atom�s� substitutional effects to the electron and
positron scattering properties of the resulting molecules.
These started by the investigation of electron and positron

total cross sections �TCS� �10� and electron impact elastic
differential cross sections �DCS� �11� of the “parent mol-
ecule” C6H6 over the energy range of 0.2–1000 eV. Electron
and positron scattering TCS were studied for the effects due
to a single H atom replacement from the benzene ring by an
F atom �12� and a Cl atom �13�. In the work of Ref. �12� we
also investigated the effects of �i� replacing two H atoms
from the benzene ring by two F atoms, and �ii� the positional
effects by comparing electron and positron TCS for 1,3-
difluorobenzene �1,3-C6H4F2� and 1,4-difluorobenzene
�1,4-C6H4F2� molecules. See Fig. 1 in Ref. �12� for the po-
sitions of the two F atoms in these two molecules on the
benzene ring. Substitution of all H atoms of the benzene ring
by F atoms produces the molecule C6F6. We studied both
electron and positron TCS �10� and electron impact elastic
DCS �11� for these molecules. Substitutional effects follow-
ing replacement of the benzene H atom�s� by some radical�s�
has also been of interest to us for the obvious reason that
the nature of the electron donation or extraction between
the benzene ring and a radical is expected to be different
from that between the benzene ring and an atom.
4-fluorobenzaldehyde �C6H4�CHO�F�, produced by replace-
ment of two H atoms by the radical CHO and an F atom, was
the first subject of our study by both electron and positron
impact investigating TCS �14�. The most recent work was on
H atom substitution by a CH3 radical to produce toluene
�C6H5CH3�, whereby we investigated electron and positron
TCS and electron impact elastic and vibrational excitation
DCS �15�.

In this paper we report on the experimental measurements
of electron and positron TCS and electron impact vibrational
excitation DCS for C6H5CF3. In particular, we employ the
vibrational excitation study as a tool for investigation of the
nature and origin of the resonances observed in the TCS.
There have been a few works on photoabsorption and infra-
red and Raman spectra studies on C6H5CF3 �see for example
�16,17�, respectively�, but no data that we are aware of for
either electron or positron scattering from these molecules.
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II. PROCEDURES

A. TCS experiments

These measurements were carried out using a retarding
potential time-of-flight �RP-TOF� method. The apparatus for
this has been reported in detail elsewhere �18� and thus only
briefly summarized here. The source for the electron and
positron beams is a 22Na radioisotope with an activity of
�80 �Ci. The energy resolution, solely determined by the
RP-TOF experimental apparatus, is an average 0.3 eV below
4 eV, and is impact energy dependent �19�. The TCS values
were derived from the Beer-Lambert attenuation equation

Qt = −
1

n�
ln

Ig

Iv
, �1�

where Ig and Iv refer to the projectile beam intensities trans-
mitted through the collision cell with and without the target
gas of number density n, respectively. � refers to the effec-
tive length of the collision cell and was established by nor-
malizing our measured positron-N2 TCS to those of the
positron-N2 data of Hoffman et al. �20�. The energy calibra-
tion was done using positron-N2 TOF spectra measured at 20
energies in the energy range 8–150 eV �21�. The C6H5CF3
TCS presented in this report were confirmed to be pressure
independent in the present energy range by independent elec-
tron impact test experiments.

Because of our system’s relatively large collision cell
entrance- and exit-apertures �i.e., 3 mm in radius� to the geo-
metrical length of 5 cm, there is the possibility of forward
scattering problems resulting in our TCS coming out to be
smaller than their true values. A detailed method for this
correction has been described previously �22,23�. In short,
the simulation method for this involves the use of electron/
positron DCS for the molecule under study, the cell geom-
etry, magnetic-field strength �4.5 G for electron and 9 G for
positron beams� and the position at which the scattering
event occurs inside the cell. For these molecules, only elec-
tron impact DCS could be found �24� and so the correction
could not be carried out for the positron TCS. For electron
TCS, the correction resulted in an increase in the TCS mag-
nitude by about 35% at 0.4 eV decreasing with increasing
impact energy to about 10% at 10 eV, 5% at 100 eV, and 1%
at 1000 eV. It must be noted however that there is large error
involved in this correction stemming mainly from the ap-
proximation of DCS for the experimentally inaccessible
angles 0° ���15° and 130° ���180° and the estimation
of DCS for TCS energies not covered by the DCS literature,
i.e., by assuming the same DCS shape as the nearest energy
available from literature DCS, scaled according to the TCS
ratio �23�. It is not possible to accurately quantify the error
involved in this but we estimate the error in the forward
scattering correction amount to be up to 50%.

The errors shown in the data in Table I are the sum total
uncertainties made up of contributions from statistical, gas
pressure fluctuations and the effective collision cell length
calibration. They range 5.5%–6.8% and 6.8%–11.1% for
electron and positron impact, respectively. The error due to
the forward scattering correction is not included.

B. Vibrational excitation DCS experiments

These experiments were carried out using a crossed beam
apparatus, which has already been described previously �25�
and thus only briefly summarized here. Incident electrons
from a 180° monochromator intercept an effusive molecular
beam at right angles and scattered electrons are energy ana-
lyzed in a second 180° hemispherical system. In order to
maintain reasonably constant electron beam focusing and
transmission at the interaction region, programmable power
supplies are used to ramp the mid-element potentials of the
monochromator exit and analyzer entrance lenses as re-
quired. Both the monochromator and the analyzer are en-
closed in differentially pumped boxes to reduce the effect of
the background gases and to minimize the stray electron
background. The target molecular beam is produced by ef-
fusing the gas through a nozzle with an internal diameter of
0.3 mm and a length of 5 mm. The spectrometer and the
nozzle are heated to a temperature of about 70 °C to reduce
the possibility of contamination during measurements. The
overall energy resolution of the present measurements was
about 40–45 meV and the angular resolution was �1.5°.

The vibrational excitation DCS were measured while
sweeping the impact energies from 1.5 to 30 eV for the two
loss energies 0.160 and 0.384 eV, at a scattering angle of 90°.
Absolute cross sections were obtained by the relative flow
technique �26� using helium as the reference gas. This in-
volved the measurement of the relative electron scattering
intensities for C6H5CF3 and helium �He�, for which there is
an accurate set of DCS. The He cross sections tabulated by
Boesten and Tanaka �27� were used. The driving pressures
for both the target and reference gases were determined in
such a way that their collisional mean free paths are the same
in the beam-forming capillary. This is done in order to mini-
mize the effects that collisions have on the relative shapes of
the atomic and molecular beams. It is worth noting here,
however, that the use of the relative flow requires knowledge
of both the target and reference gas collisional diameters �25�
in order to establish the correct flow rates. While these were
accurately known for He from literature, they had to be es-
timated for C6H5CF3. The estimations were done based on
adding the molecular constants for the known CF4 to C6H6 in
order to get C6H5CF3. The collisional diameter for C6H5CF3
so derived was 11.5 Å. The subsequent driving pressures
used for the experiments were 0.18 Torr for C6H5CF3 and 5
Torr for He. Experimental errors were estimated to be of the
order of 15%–20%.

III. RESULTS AND DISCUSSION

Table I shows the numerical values for the electron and
positron TCS. A joint electron impact TCS and vibrational
excitation DCS study is carried out first. Positron TCS are
then discussed, before ending with a comparative study be-
tween electron and positron TCS. The C6H6 electron and
positron TCS presented in Figs. 1 and 5, for the comparative
study, have been corrected for the forward scattering effect
discussed above.
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A. Electron impact

1. TCS

Figure 1�a� shows the current electron impact TCS results
measured over the energy range 0.4–1000 eV, in comparison
with those of C6H6 �10� from our previous publication. The
qualitative similarities between the current TCS with those
for C6H6 include the minimum centered at �3 eV, the main
peak at 8.0 eV, the shoulder at about 40 eV, and the monoto-
nous decrease toward 1000 eV, i.e., from about 62
�10−16 cm2 at 8 eV down to about 8�10−16 cm2 at 1000
eV. Substitution of an H atom in C6H6 by the CF3 radical
destroys the symmetry of the benzene ring, i.e., making the
resulting molecule C6H5CF3 dipolar �2.86 D�. This dipole
moment is expected to induce long-range scattering causing
TCS to rise with decreasing electron energy toward 0 eV, as

TABLE I. Benzotrifluoride �C6H5CF3� electron and positron TCS��10−16 cm2�. Electron TCS have been
corrected for the forward scattering effect, with the numbers in parentheses showing the values before the
correction. Errors are as explained in the text.

Energy
�eV� Electron Positron

Energy
�eV� Electron Positron

0.2 35.9�4.0 11 64.0�56.8��3.6�3.2� 37.4�2.7

0.4 75.4�55.7��5.1�3.8� 41.5�4.0 12 62.3�55.1��3.5�3.1� 37.1�2.8

0.6 72.9�57.0��4.5�3.5� 47.8�4.4 13 61.5�53.5��3.0�3.0� 36.7�2.6

0.8 70.6�57.1��4.3�3.5� 46.2�4.0 14 59.5�51.5��2.9�2.9� 35.7�2.7

1.0 67.7�56.4��3.8�3.4� 43.7�3.2 15 58.7�51.7��3.4�3.0� 35.6�2.6

1.2 69.2�56.0��4.1�3.3� 16 56.3�49.6��3.3�2.9� 34.6�2.7

1.3 45.8�3.9 17 56.8�50.0��3.3�2.9� 36.1�2.7

1.4 66.8�54.6��4.0�3.2� 18 56.5�49.7��3.2�2.8� 36.3�2.8

1.6 65.3�53.7��3.9�3.2� 43.4�3.8 19 55.4�48.7��3.2�2.8� 35.5�2.6

1.8 63.2�52.2��3.8�3.2� 20 52.5�47.5��3.2�2.8� 35.3�2.6

1.9 48.4�3.8 22 47.9�45.3��2.7�2.6� 33.9�2.4

2.0 61.6�51.3��3.8�3.2� 25 48.1�45.5��2.7�2.6� 32.6�2.5

2.2 62.4�52.4��3.7�3.1� 45.3�3.7 30 48.5�44.3��2.8�2.5� 33.2�2.3

2.5 60.1�50.7��3.5�3.0� 44.7�3.5 35 46.4�42.5��2.7�2.6�
2.8 59.0�49.9��3.5�3.0� 44.3�3.6 40 48.9�45.0��2.8�2.6� 33.0�2.3

3.1 57.7�50.3��3.4�3.0� 44.3�3.4 50 47.0�44.1��2.6�2.5� 30.1�2.0

3.4 60.4�52.6��3.6�3.1� 45.0�3.4 60 42.1�39.6��2.3�2.2� 30.8�2.2

3.7 61.2�53.4��3.7�3.2� 45.3�3.2 70 38.6�36.4��2.1�2.0� 29.0�2.2

4.0 62.2�54.2��3.6�3.1� 41.8�2.8 80 38.9�36.6��2.2�2.1� 28.6�2.0

4.5 61.1�53.2��3.4�3.0� 42.8�2.9 90 35.0�33.4��2.0�1.9� 27.5�2.1

5.0 61.9�54.1��3.5�3.1� 41.3�2.9 100 34.4�32.9��1.9�1.9� 27.7�1.9

5.5 63.1�55.8��3.6�3.2� 41.7�2.9 120 31.9�30.6��1.8�1.7� 25.9�1.9

6.0 63.4�56.5��3.7�3.3� 42.4�3.0 150 29.1�28.0��1.6�1.5� 24.4�1.7

6.5 63.4�59.3��3.6�3.4� 40.0�2.8 200 24.5�23.9��1.4�1.3� 24.0�1.8

7.0 62.7�59.2��3.6�3.4� 41.8�3.0 250 22.9�22.4��1.3�1.2� 20.5�1.6

7.5 64.7�61.1��3.7�3.5� 40.2�2.8 300 19.7�19.3��1.1�1.1� 18.5�1.5

8.0 66.1�59.7��3.8�3.5� 37.7�2.8 400 17.7�17.4��1.0�1.0� 16.0�1.4

8.5 66.5�59.9��3.8�3.4� 38.0�2.8 500 15.1�14.8��0.9�0.8� 14.7�1.3

9.0 67.1�60.5��3.9�3.5� 38.5�2.9 600 13.3�13.1��0.8�0.7� 12.5�1.2

9.5 64.3�58.2��3.8�3.4� 40.3�3.0 800 9.7�9.6��0.5�0.5� 11.0�0.8

10 63.1�57.1��3.6�3.3� 39.1�2.8 1000 8.5�8.4��0.5�0.5� 8.8�0.7
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FIG. 1. Electron �a� and positron �b� TCS for C6H5CF3 com-
pared with those for C6H6 from our previous publication �10�.
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observed below 3 eV. The decreasing TCS magnitude trend
above 10 eV is due to the decreasing time the electron has
for interaction with the molecule as its velocity increases.
Compared to C6H6 TCS, C6H5CF3 TCS are up to 3 orders of
magnitude greater below 10 eV, pointing to the role of the

long-range interaction in the latter compared to the former.
Above 10 eV, C6H5CF3 TCS are marginally greater than
those for C6H6. Although both molecules show a shoulder at
about 40 eV, this is more pronounced for C6H5CF3. It re-
mains unclear what the origin of this feature is. In order to
investigate the origin and nature of the 8.0 peak we carried
out vibrational excitation experiments, i.e., the inelastic
channel often associated with resonance features of this na-
ture.

2. Probing the resonances in the TCS:
vibrational excitation DCS

Figure 2 shows the electron-energy-loss spectrum for the
impact energy of 7.5 eV and scattering angle of 90° com-
pared with a similar spectrum for C6H6. C6H5CF3 molecules
have 30 fundamental and 4 CF3 vibrational modes, 24 of
which are indicated by the dashed vertical bars in Fig. 2 and
shown in Table II. See Ref. �17� for the complete list and
individual characteristics of each mode.

The results we show in Fig. 3 are for the vibrational ex-
citation at the energy losses of 0.160 and 0.384 eV, chosen
because they represent the dominant modes. It is worth
pointing out though that, because of our energy resolution of
about 40 meV, the loss energy setting of 0.160 eV for our
apparatus inevitably includes the seven modes falling within
the 0.160�20 meV energy window, i.e., the two C-H bend-
ing �a1 symmetry at loss energy 0.146 eV, b1 symmetry at
0.153 eV�, the three ring deformation �b1 symmetry at loss
energy 0.169 eV, a1 and b1 symmetries at 0.181 eV�, the
asymmetric CF3 deformation �at loss energy 0.143 eV�, and
the symmetric CF3 deformation �at loss energy 0.165 eV�
modes. Hence the following discussions of the 0.160 eV loss
energy spectra ought to be taken to mean a mixture of these
seven vibrational modes. Similarly, the setting of our appa-
ratus for measurements at the energy loss of 0.384 eV inevi-
tably means both the a1 and b1 symmetries of the C-H
stretching mode are included, i.e., since they are both ob-
served at the same loss energy of 0.384 eV, and thus the
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FIG. 2. C6H5CF3 electron impact energy-loss spectrum at im-
pact energy 7.5 eV and scattering angle 90° compared with a simi-
lar spectrum for C6H6. The vertical bars indicate positions of 24 of
the 30 known fundamental vibrational mode frequencies �energies�
�17�. See Table II.

TABLE II. Configurations of the vibrational modes of C6H5CF3 molecules from Ref. �17�.

Vibrational mode
Energy

�eV� Species Vibrational mode
Energy

�eV� Species

Ring deformation 0.042 a1 Ring deformation 0.200 b1

Ring breathing 0.095 a1 C-H stretch 0.384 b1

C-CF3 stretching 0.127 a1 Ring deformation 0.060 b2

C-H bending 0.133 a1 Ring deformation 0.086 b2

C-H bending 0.146 a1 C-H bending 0.095 b2

Ring deformation 0.181 a1 C-H bending 0.114 a2

Ring deformation 0.200 a1 CF3 rocking 0.039

C-H stretching 0.384 a1 CF3 rocking 0.049

C-H bending 0.112 b1 Asymmetric-CF3 deformation 0.074

C-H bending 0.153 b1 Symmetric-CF3 deformation 0.081

Ring deformation 0.169 b1 Asymmetric-CF3 stretching 0.143

Ring deformation 0.181 b1 Symmetric-CF3 stretching 0.165
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following discussions of the 0.384 eV spectra should be
taken to mean a combination of the two.

The results in Fig. 3 show clear energy dependence agree-
ment between the two vibrational excitation spectra and the
TCS. We summarize the observations as follows. �i� The
0.160 eV loss energy vibrational excitation DCS show a peak
centered at about 4.2 eV and a rather broad one at 7.5 eV,
i.e., in agreement with the TCS peak which is centered 8 eV.
�ii� The 0.384 eV loss energy vibrational excitation DCS
spectra are characterized by the rising trend at 1.5 eV, albeit
not yet a peak, a shoulder at about 4.5 eV and the main peak
at 7 eV, again in agreement with the TCS peak position at 8
eV. The TCS peak spanning the energy region from 5 to 15
eV seems to be a resonance feature composed of contribu-
tions from a mixture of all these vibrational excitations, i.e.,
seven observed at loss energy 0.160 eV and two at 0.384 eV.
In addition, it is important to note that Allan �28�, in an
extensive experimental study of C6H6, observed three reso-
nance peaks centered at 1.13, 4.8, and 8.5 eV. He reported
them to be due to the 2E2u, 2B2g, and 2E1u shape resonances
resulting from the temporary capture of an incident electron
into the ���e2u�, ���b2g�, and ���e1u� orbitals, respectively.
We thus infer the same and attribute the peak we observe at
8.0 eV to the 2E1u shape resonance. This deduction on the
assignment of the symmetries to this resonance is also sup-
ported by the similarity in the vibrational excitation of the
same symmetric and asymmetric C-H stretching mode spec-
tra observed between the current results for C6H5CF3 and
those for C6H6 as shown in Fig. 4. We think that the shoulder
observed at about 40 eV in the TCS should have stronger
contributions from other scattering channels than the vibra-
tional excitation, most likely ionization. It must be noted

though that the vibrational excitation cross sections pre-
sented here are only differential functions, i.e., not integral,
and that they are about 2 orders of magnitude smaller so that
their actual contributions to the TCS may not be obvious.

In Fig. 4 we show the vibrational excitation DCS func-
tions for the ring symmetric and asymmetric C-H stretching
modes of C6H5CF3 together with those for C6H6, i.e., all
studied over the same energy range 1–30 eV and scattering
angle of 90°. The resonance peaks observed at about 1, 4.5,
and 7.0 eV in C6H5CF3 are observed at 1.2, 5.0, and 8.0 eV
in C6H6, and at 1.4, 5.0, and 7.5 eV in C6H5CH3 �15� �not
shown�. We consider this to mean that the attachment of the
CF3, or CH3, radical to the benzene ring hardly affects the
resonances due to the symmetric and asymmetric C-H
stretching vibrational modes.

B. Positron TCS

In Fig. 1�b� we show the C6H5CF3 positron TCS in com-
parison with those of the parent C6H6 molecule. The quali-
tative similarity between these two sets of TCS is obvious.
These include �i� the gradual decrease below 1 eV, i.e., in
contrast to the slowly rising trend in the electron TCS coun-
terpart at this energy range, �ii� observation of broad peaks
commonly centered at about 2 eV, �iii� unclear features in the
region 0.6–20 eV, and �iv� the shoulder centered at about 50
eV. However, it is important to note here that because these
C6H5CF3 TCS have not been corrected for the forward scat-
tering effect, the trend observed below 10 eV may not be
definitive. This is because, from our experience with the ex-
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tent to which TCS can be affected by this effect, positron
TCS can be affected more due to the use of stronger mag-
netic field �twice that for electron impact�. That is, though
the results presented in Fig. 1�b� do not show a turn for the
rise, as expected because of the permanent dipole moment
�2.86 D� giving rise to a long-range interaction at these low
energies, it is possible that after the forward scattering cor-
rection a rising trend could be observed. The C6H5CF3 TCS
are lower than those of C6H6 between about 1 and 100 eV.
This is intriguing because C6H5CF3 is larger in terms of the
molecular size, and thus it would be expected to have a
larger number of rovibrational states which should make it
have larger TCS at these lower energies. This intuition how-
ever is true for the electron TCS case. Above 100 eV, how-
ever, C6H5CF3 TCS gradually become greater than those of
C6H6, albeit still within experimental errors. Whereas it was
possible to present detailed discussions of the electron TCS
features because of the availability of the experimental vibra-
tional excitation DCS, it is not possible to do the same here
because of the unavailability of any partial cross sections for
positron impact from these molecules.

C. Comparative study of positron with electron TCS

Figure 5 shows the present C6H5CF3 positron and elec-
tron TCS. As already highlighted above, electron TCS rise
rapidly below 3 eV compared to a decreasing one for posi-
tron impact, i.e., despite the fact that both are expected to
show a rising trend due to the dipole induced long-range
interaction.

The threshold for positronium formation, EPs, for
C6H5CF3 is 2.89 eV �29�, and thus positronium formation
cannot be contributing to the initial rise in the TCS to pro-
duce this peak centered at 0.8 eV for positron impact. Thus,
it is reasonable to assume that this phenomenon is related to
rovibrational excitation of these molecules. The opening up
of the ionization channel at Eion �9.685 eV� is not followed
by any clear rising of the TCS for both electron and positron
impact. TCS for both projectiles seem to show the change of
slope at 40–50 eV, more pronounced for electron impact,
before the common monotonous decrease until, within ex-
perimental errors, they nearly equal each other above 200 eV.
This merging of the TCS is expected since at these higher
energies only the long-range interaction dominates the scat-
tering event with the result that only the first Born term is
sufficient for describing the scattering, where the square of
the charge of the incoming particle comes into the cross-
section formula leading to this convergence phenomenon in
electron and positron TCS. The absence of resonances in
positron scattering is clearly observed in the low to interme-
diate energy ranges where the TCS for electron impact are
always larger by nearly more than a factor at all energies
below 200 eV.

IV. CONCLUSION

In this paper C6H5CF3 electron and positron scattering
cross sections are reported. Electron TCS showed a rising
trend below 3 eV, expected for these polar molecules due to
the long-range interaction, compared to a decreasing trend
for positron. A peak and shoulder were observed in the elec-
tron TCS 8.0 and 40 eV, respectively. The origin of the 8 eV
peak was probed by means of vibrational excitation experi-
ments and found to have some origin in this channel, attrib-
uted to the 2E1u shape resonance, inferred from the literature
results of the parent C6H6 molecule. Positron TCS showed
broad peaking in the energy range 0.8–15 eV, and a shoulder
at 40–50 eV, before gradually decreasing toward 1000 eV.
The effect of the CF3 substitution for the benzene H atom
showed up as �i� larger C6H5CF3 TCS over the whole energy
range for electron TCS, and as �ii� lower C6H5CF3 TCS than
C6H6 at 1–100 eV for positron impact. The tendency toward
merging of the electron and positron C6H5CF3 TCS above
200 eV is rather expected from the first Born approximation.
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