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Abstract. We have carried out experimental and theoretical studies on electron scattering from the C3H6

isomers and C3F6 molecules and we report on total, differential as well as theoretical integral elastic cross-
sections for these molecules. Vibrational excitation functions are also presented for the typical vibrational
peaks in C3H6 and cyclo-C3H6 for the angle of 90◦, impact energy range of 1–16 eV and loss energies of
0.12 eV and 0.13 eV, respectively. In the cross-sections, clear differences in peak positions and magnitudes
between the C3H6 isomers can be viewed as the isomer effect. The same is observed between C3H6 and
C3F6 in a clear manifestation of the fluorination effect. The resemblance of the π∗ shape resonance in the
cross-sections, observed at about 2.2 eV for C3H6 and 3.5 eV for C3F6, to those in C2H4 and C2F4 clearly
points to the effect of the double bond in the molecular structures for these molecules. Theoretical analysis
is performed to provide rationales for the scattering dynamics.

PACS. 34.80.Bm Elastic scattering of electrons by atoms and molecules – 34.80.Gs Molecular excitation
and ionization by electron impact

1 Introduction

Hydrocarbons play an important role for plasma diag-
nostics as impurities in the Tokamak fusion divertor, as
seed gases for production of radicals and ions in low-
temperature plasma processing, and many other fields [1].
On the other hand, fluorine-substituted hydrocarbons, the
so-called perfluorocarbons (PFCs), are not the less impor-
tant also as they play significant roles as reactive agents in
plasma-assisted fabrication processes [2]. Based on these
and other reasons, both classes of molecules have received
some research attention from both theorists and experi-
mentalists over the past few decades. Needless to point
out that a comparative study of these PFCs with pure
hydrocarbons helps in the establishment of the role of mi-
croscopic molecular properties of the target in the electron
scattering processes.

The two stable isomers of the C3H6 molecules; propene
(H3C–CH=CH2) and cyclo-propane [cyclic(H2C–CH2–
CH2)] are studied for the isomer effect owing to their char-
acteristic differences in physical and chemical properties,
whilst the hexafluoropropene [F3C–CH=CF2] molecule of-
fers an opportunity for studying the effects of fluorine
atom substitution on the electronic structure and spec-
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tra of propene. Note that a study of the fluorination effect
between cyclo-C3H6 and cyclo-C3F6 could also have been
interesting, but the latter is not commercially available.
Some similarities observed in the cross-sections for C3H6

and C3F6 can be traced back to the C2H4 and C2F4,
in a clear reflection of the double bond effect in these
molecules.

Though some studies have been performed on these
molecules, they have centered mainly on either one of
these molecules, as for example propene (C3H6) [3–7],
cyclo-C3H6 [8–12], and C3F6 [13–18]. To our knowledge,
there exist however, some few attempts that studied the
isomer effect in these molecules by electron impact to-
tal cross-sections [19,20], ionization cross-sections [21,22]
and differential cross-sections [23]. There also exist some
vacuum ultraviolet (VUV) studies of the isomer effect in
the optical oscillator strengths for these isomers [24]. An-
other study worth mentioning is that by Floeder et al. [25]
who, though not directly studying this effect, studied to-
tal cross-sections, including those for these two molecules,
in their systematic study of the scattering cross-sections
for the alkane and alkene molecular families.

We have undertaken the present work to study the
isomer, fluorination and bond effects in experimental
electron impact total cross-sections (TCSs), differen-
tial cross-sections (DCSs) and theoretical integral elastic
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cross-sections (ECSs), and in the vibrational excitation
functions for these molecules. We examine the similarities
and differences observed in the cross-sections between the
molecules for the isomer, fluorination and bond effects,
and also provide some rationale based on the collision dy-
namics for electron impact with molecules.

2 Experimental and theoretical approaches

2.1 Total cross-sections (TCS)

A retarding-potential time-of-flight (RP-TOF) appara-
tus [26,27] was used for the TCS experiments. The elec-
tron beam source was a ∼80 µCi 22Na radioactive isotope,
whereby the beam is produced as secondary electrons com-
ing out of the positron moderator surfaces. The electron
beam energy width was about 1 eV. The energy resolu-
tion, however, is determined by the RP-TOF and is below
0.3 eV below impact energies of 4 eV [28]. The TCSs for
all three molecules have been confirmed to be pressure-
independent in the present energy range by carrying out
independent test experiments. This is an important check
parameter for experiments carried out using a collision cell
in the transmission RP-TOF set-up.

The experimental uncertainties involved in these mea-
surements are due to errors in statistics, collision cell ef-
fective length determination, gas density and the forward
scattering correction. The estimates for the sum of the first
three terms amounted a maximum 4.0%, 3.6% and 4.0%
for C3H6, cyclo-C3H6 and C3F6 electron TCSs, respec-
tively. The details pertaining to the forward scattering ef-
fect and the method for the correction was described else-
where [26,29].The electron DCSs being jointly presented
in this paper were used for correction of the TCSs for
each molecules, after using the molecular phase shift ap-
proach [30] in order to extrapolate the DCSs to the ex-
perimentally inaccessible scattering angles, i.e. down to 0◦
and up to 180◦. The main part of the correction process
involves calculation of the transmission function, which it-
self is a function of the magnetic field used (4.5 G in these
experiments), impact energy, the position coordinate par-
allel to the flight path, the radial position coordinate, col-
lision cell aperture diameter and the collision cell effective
length [29]. The forward scattering correction rates show
some typical variation across the current range of impact
energies. For example, this correction for C3F6 electron
TCSs ranged between 2.6% and 4.2% below 10 eV, an av-
erage 4.4% at 10–30 eV, and decreased from 3.8% to 1.4%
with increasing energy from 35 eV to 1 000 eV.

2.2 Elastic and vibrational differential cross-sections

The apparatus used in the present DCS measurements is
the same as used in our previous studies [31]. The overall
energy-resolution was 35–40 meV, and the angular resolu-
tion was± 1.5◦. Hence, the present DCSs are considered to

be the sum of the elastic process and the rotational excita-
tion and de-excitation processes, and some vibrational lev-
els. But, in C3H6, the energy-loss peak for the constituent
stretching vibrational modes are separated from the elas-
tic one with the present energy resolution. By using the
energy excitation mode, the incident energy dependence
is also observed for the vibrational excitation. Absolute
cross-sections for the elastic scattering cross-sections were
obtained by the relative flow technique [32] using helium
as the reference gas. The electron energy scale was cal-
ibrated with respect to the 19.367 eV resonance for He.
Experimental errors in the DCSs were estimated to be
15–20%.

2.3 Theoretical model

The theoretical approach employed is the continuum
multiple-scattering (CMS) method [33].The CMS method
divides the molecular configuration space into three re-
gions. Region I: the atomic region surrounding each
atomic sphere, region II: the interstitial, and region III: the
outer region surrounding the molecule. The atomic sphere
is chosen to enclose each atom with an origin at each nu-
cleus. Each sphere attaches to every other. Region III is
chosen to enclose all of the atomic spheres. In general,
the potential for the scattered electron in each region of
space is approximated by the spherical potential in re-
gions I and III and by a constant in region II, which should
be determined by averaging the potentials of regions I
and III. From the SCF calculation that includes static
and exchange terms for the composite (n+1) electron sys-
tem, then the spherical part of the potential is extracted
around each nucleus as the effective potential for the inci-
dent electron. The static interaction was obtained by using
the Hartree-Fock method, while the exchange interaction
was determined by the Slater Xα method [34]. The poten-
tial in region III decays rapidly enough at large r. The po-
tential may be approximated by the sum of the monopole
terms. For a nonpolar molecule, the polarization potential
α/r−4 may be appropriate, while the dipole potential d/r2

may be used for a polar molecule. Hence, the scattering
part of the method is regarded as the static-exchange-
dipole (polarization for non-polar molecules) potential
model within the fixed-nuclei approximation [33,35,36].
The Schrödinger equation in each region is solved numer-
ically under separate boundary conditions, and by match-
ing the wave functions one can determine the total scat-
tering wave functions, the scattering matrix and hence,
the total cross-sections by a conventional procedure [36].

3 Results and discussions

3.1 Comparison between C3H6 and cyclo-C3H6:
the isomer effect

Figure 1 shows the present TCS and ECS results for these
molecules. A comment is warranted here on the compar-
ison between the current results and the previous results
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Fig. 1. C3H6 and cyclo-C3H6 electron impact TCSs and CMS
ECSs. Thresholds for ionization are at 9.73 eV for C3H6, and
9.86 eV for cyclo-C3H6.

available in literature, though this will not be allowed
to overshadow the discussions of the effects, which are
the theme of this report. For C3H6, except for the re-
gion <0.8 eV where the current data rises, our TCSs
agree well in structure with the only available previous re-
sults in references [19,20,25]. However, for both molecules,
some magnitude differences are observed at the peaks, for
example our result is less than the largest of the three
(Szmytkowski et al. [20]) by more than 12% at 2.2 and
9.5 eV, while greater than the lowest of the three (Floeder
et al. [25]) data by about 15% at 9.5 eV. For cyclo-C3H6,
though the current result agrees so well both qualitatively
and quantitatively with the Floeder et al. over all the en-
ergy range of overlap, only good qualitative agreement is
observed with the other two data sets. Detailed compar-
ative studies of the present TCSs with these results by
other groups will be carried out in separate papers soon
to follow on these molecules.

3.1.1 TCSs

Figure 1 shows the current TCS results for these
molecules. The comparative features observed in these
data are summarized as follows. C3H6 TCSs are greater
than cyclo-C3H6 TCSs at all energies below 60 eV. At the
energy range below 1 eV, C3H6 TCSs begin to rise while
cyclo-C3H6 TCSs are still on the plateau. The C3H6 TCSs
show a lower energy peak at about 2.2 eV before the larger
and broader one at about 9 eV. Beyond this main peak,
these TCSs decrease rather monotonously, and become
nearly equal to the cyclo-C3H6 TCSs beyond 50 eV. In
contrast, cyclo-C3H6 TCSs are basically flat below 3 eV
and show a change of slope in the curve at about 6 eV be-

fore the main peak also centered at about 9 eV. The onset
of the rising trend below 1 eV in C3H6 TCSs, but not in
cyclo-C3H6 TCSs, should be associated with the enhanced
scattering at these lower energies in C3H6 due to the pres-
ence of the small electric dipole moment (0.366 D) for
C3H6, whereas cyclo-C3H6 molecules are non-polar. The
relatively larger polarizability for C3H6 (6.26 × 10−30 m3

for C3H6, 5.66× 10−30 m3 for cyclo-C3H6) should also re-
sult in enhanced lower energy forward scattering in C3H6

compared to cyclo-C3H6. The peak at about 2.2 eV in
C3H6 is attributable to the shape resonance due to vibra-
tional excitation of the molecules, as can be clearly seen
in the vibrational excitation functions of the bending vi-
brational mode v3, with a peak at around 2 eV, for these
molecules in Figure 3. This proceeds via formation of the
transient ion due to the incident electron being trapped
temporarily into valance orbitals with the C=C antibond-
ing character, i.e. the lowest unoccupied molecular orbital
(LUMO). In the elastic scattering channel, elastic scat-
tering via resonances is in general smeared out by the
direct elastic component. However, these resonances can
in most cases be clearly revealed in vibrational excitation
functions for experiments done whilst sweeping impact en-
ergies across the resonance region, i.e. as in Figure 3. This
peak has also been associated with the π∗ shape reso-
nance in the theoretical studies by Winstead et al. [23].
A resonance arising from the stretching vibrational ex-
citation (v3 mode) motion of the C–C (ring) has been
reported at about 6 eV for cyclo-C3H6 [8,37–39]. Notice
however, that though Curik et al. [39] observe this fea-
ture at 6.4 eV in their vibrationally inelastic calculations,
references [37,38], as well as our result in Figure 3, show
this feature in the experimental functions for vibrational
excitation at about 5.5 eV. However, except for the slight
change of slope observed at about 6 eV, this feature is
almost invisible in the cyclo-C3H6 TCS curve of Figure 1,
possibly because of the small magnitude of the absolute
cross-sections for this vibrational resonance compared to
the TCSs which are about 29 × 10−16 cm2 in this region.
As for the common broad peak centered at about 9 eV for
both molecules, the cyclo-C3H6 peak has been attributed
to the shape resonance in symmetry of the D3h, which is
symmetric with respect to the CCC (σh) plane but an-
tisymmeteric in each of the three σv planes [23]. This
peak in C3H6 should be attributable to the A′

1 symme-
try type of shape resonance that we have observed to be
characteristic of hydrocarbons resulting in peaks in this
region, although contributions from other several inelas-
tic scattering processes should also be significant (see our
result in Figure 3, and also Refs. [3,40]). The near equal
TCSs above 50 eV, is rather unexpected though because
the molecularly larger C3H6 TCSs should be greater than
those for cyclo-C3H6. (Note that as reported already by
Nishimura and Tawara [19], the ring structure of cyclo-
C3H6 makes it to be more compact than the linear C3H6,
resulting in a larger spatial electron distribution for the
latter than the former. This larger electron spatial distri-
bution for C3H6 would then be expected to result in larger
scattering TCSs than cyclo-C3H6.)
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Also shown in Figure 1 are the current theoretical
ECSs. For each molecule, these ECS results reproduce
the structures observed in the TCSs well. Except that the
ECSs for C3H6 and cyclo-C3H6 nearly equal each other
around 4 eV, magnitude differences can clearly be seen in
these ECSs in the regions around the resonance peaks, i.e.
below 30 eV. At the higher energy side of the main peak,
i.e. above 35 eV, the ECSs for both molecules nearly be-
come equal within experimental error. However, the CMS
ECS result for cyclo-C3H6 is unexpectedly greater than
the TCS at the energy range 2–5 eV, and shows a rather
sharp shoulder at about 4 eV, i.e. in a way failing to repro-
duce the TCS. Otherwise, differences between the ECSs
and the TCSs just emphasize the importance of the in-
elastic channels. Above the thresholds for ionization, i.e.
9.73 eV for C3H6, and 9.86 eV for cyclo-C3H6, the ioniza-
tion channel should be the dominant inelastic channel con-
tributing to the TCS. See the ionization cross-sections for
these molecules in references [21,22]. Below these ioniza-
tion thresholds, contributions from vibrational (see Fig. 3)
and electronic excitation as well as electron attachment
processes should combine to make up this difference.

3.1.2 DCSs

The present results, shown in Figure 2, are found to
agree well both qualitatively and quantitatively at over-
lapping energies with the only available two theoretical
results [37,39] on the two isomers, and one experimental
result [41] on cyclo-C3H6. The detailed comparative study
of the present results with these results by other groups
is intentionally left out to the next papers under prepa-
ration on these molecules. The reason is simply that this
report is exclusively focusing on this isomer effect. The
lowest energy of 2.0 eV shows results with the most dras-
tic difference between these two isomer molecules, C3H6

and cyclo-C3H6, with the DCSs for the two nearly equal-
ing each other at 20◦, the former being higher in the
range 20◦–100◦, and vice versa above 100◦. The rising
DCSs trend towards 0◦ is only expected for C3H6, and
not for cyclo-C3H6, as a result of enhanced forward scat-
tering due to the presence of the dipole moment and larger
polarizability in the former, as pointed out above. How-
ever, the fact that cyclo-C3H6 DCSs are also rising at
this energy is either puzzling, or simply indicating that
this is already too high an energy to observe pure dipole
scattering effects. Besides, that the larger DCSs for the
former rise to produce the peak-like structure above 60◦,
is consistent with the peak observed in both the ECSs
and TCSs at around 2.2 eV. This DCS angular distri-
bution is characteristic of the d-wave scattering. Whereas
the C3H6 DCSs show two shallow minima, a forward-angle
one centered at about 50◦ and a higher-angle one at about
110◦, cyclo-C3H6 DCSs show only one clear minimum,
i.e. at the same forward-angle of 50◦ as in C3H6, C3H6

shows another higher angle minimum at about 110◦. How-
ever, the forward-angle minimum is clearly much deeper in
the former than the latter. These minima however, slowly
become deeper with increasing impact energy for C3H6,

Fig. 2. C3H6, cyclo-C3H6 and C3F6 electron impact DCSs,
together with those of C2F4 [43].

and are seen to be each drifting towards lower angles. At
5.0 eV, the forward-angle one is already at the edge for
C3H6, i.e. at about 35◦, in the limit of the minimum mea-
sured angle of 20◦, and completely disappears at 8.0 eV,
while that for cyclo-C3H6 is at the same angle, but shal-
lower. The higher-angle peak in C3H6 now sits at about
100◦ at 5.0 eV. It’s also clear that cyclo-C3H6 DCSs have
also developed a higher-angle minimum that is deeper and
appears at about 90◦. At this energy, except for the angle
of 30◦ where the DCSs for these two molecules nearly equal
each other, C3H6 DCSs are larger than cyclo-C3H6 DCSs
below 110◦, and vice versa above this angle. At 8.0 eV and
100 eV, the DCSs for these two molecules nearly equal
each other below 60◦, pointing to some insensitivity of
the electron scattering to the molecular geometry at these
energies and angles. However, some slight differences can
still be seen even at these energies at angles above 60◦.
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Fig. 3. Vibrational excitation functions for C3H6 (bending v3

mode) and cyclo-C3H6 (bending v2 mode) at 90◦ and energy
losses of 0.12 eV and 0.13 eV, respectively. C2F4 data from
reference [43] are also shown for 90◦ and the energy loss of
0.16 eV.

Fig. 4. C3H6 and C3F6 electron impact TCSs and CMS ECSs.
The threshold for ionization is at 10.60 eV for C3F6. See cap-
tion for Figure 1 for that for C3H6.

3.2 Comparison between C3H6 and C3F6:
the fluorination effect

Figure 4 shows the present TCS and ECS results for these
molecules. Once again, a comment is warranted here on
the comparison between the current C3F6 results and the
previous data available in literature [17,18,42]. The cur-
rent TCSs show general agreement in the energy depen-
dence with the results by these two groups above 50 eV.

However, even in this energy region, the current TCSs
are smaller than these two, with the difference in mag-
nitudes between the current data and the Szmytkowski
et al. [17,18] data increasing from about 15% at 50 eV to
about 24% at 370 eV. The Jiang et al. [42] data continues
to rise below this energy of 50 eV. Szmytkowski et al. re-
port resonances at energies 3.2 eV, 9 eV and the broader
one extending from 20 to 70 eV (NB. they did not report
on this third one maybe because it just fell on the edge
of their differently published 30–370 eV and 0.5–30 eV re-
sults, with no combined data plot from them). This clearly
differs from the current results especially with regards to
the other structures we observe at 1.2 eV and the 14–22 eV
region. Besides, there seems to be some slight energy posi-
tion difference in the commonly observed second resonance
as we observe it at about 3.6 eV (versus their 3.2 eV). Once
again, because we are only exclusively focusing on this flu-
orination effect, we will not get into details of carrying out
the comparative analysis of the current results with these
literature results by other groups, and leave this out to
the coming papers.

3.2.1 TCSs

It is interesting to note the way the fluorination effect is
reflected in the TCSs shown in Figure 4. These observa-
tions are summarized as follows.

(i) C3F6 TCSs are greater than C3H6 TCSs below
1.4 eV, although the two nearly equal each other at the
lowest applied energy of 0.4 eV.

(ii) C3H6 TCSs are greater than C3F6 TCSs in the
range 1.5–25 eV.

(iii) C3F6 TCSs show a lower energy resonance peak at
about 1.2 eV. Vibrational excitation studies are awaited
for the clarification of the nature and origin of this peak
which, however, should be resonant in nature.

(iv) The C3F6 TCSs show another peak at 3.6 eV while
C3H6 TCSs show one at 2.2 eV. We note that this peak
in C3F6 TCSs, just as in C3H6 TCSs too, should be at-
tributable to the π∗ shape resonance that we have system-
atically observed to be a feature arising due to the double
in a molecular structure resulting in the incident electron
being trapped temporarily into the valance orbitals with
the C=C antibonding character. See for example our ear-
lier studies on C2F4 [43] and C3H4 [44], to name a few.
The C3F6 peak however, should also have contributions
from some resonances arising from the temporary capture
of the electron by the target molecule with the creation of
an intermediate parent anion leading to the formation of
negative ions [45,46].

(v) Whereas C3H6 TCSs show the single main peak at
about 9 eV, C3F6 TCSs show multiple peaks, i.e. at about
8.5 eV, the unclearly resolved 14–22 eV region and the
broad one at about 30 eV. That is, the C3F6 TCS peak is
significantly broader than that of the C3H6 TCSs. The fea-
tures at about 8.5 eV and in the unclearly resolved region
of 14–22 eV should also attributable to the production of
the numerous negative ions that have been observed at
around these regions [45,46].
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(vi) Beyond their respective peaks, both TCSs de-
crease monotonically, albeit with the C3F6 TCSs over-
taking the C3H6 TCSs to become significantly greater in
magnitude above 25 eV. This is rather expected as C3F6

are larger in molecular size than C3H6 molecules.
The theoretical ECS results are also shown in Figure 4.

It is worth noting that these ECSs show the same relative
magnitude behavior between these two molecules just as
observed in the just discussed TCSs, i.e. C3H6 ECSs rela-
tively greater than C3F6 ECSs below about 15 eV, before
the reverse becomes true above this energy. It worth not-
ing too though that the broadening observed in the C3F6

TCSs is also reproduced by the ECS result. This aspect
of peak broadening of TCSs has also been observed as a
persistent aspect of the fluorination effect in other sets
of pure hydrocarbon versus PFC studies we have carried
out before. See for example reference [29]. On the relative
magnitudes between these ECSs and TCSs, contributions
from the ionization channel, i.e. with thresholds at 9.73 eV
for C3H6 and 10.6 eV for 9.73 eV C3F6, and other inelastic
channels should increasingly become significant above the
main resonance peaks for these TCSs. This is evidenced by
the increasing differences between their respective TCSs
and ECSs above 10 eV and 50 eV for C3H6 and C3F6, re-
spectively. See the ionization cross-sections for these two
molecules in references [16,21].

3.2.2 DCSs

The C3H6 and C3F6 results for these molecules are shown
in Figure 2. We are not aware of any previous work that
dealt with elastic DCSs for scattering from the C3F6

molecules. At the lowest energy of 2.0 eV, both DCSs show
some rising trend towards 0◦, as expected for these polar
molecules, as pointed out earlier. However, in a manifes-
tation of the fluorination effect, C3H6 DCSs are seen to
be greater than the C3F6 counterpart in the range above
70◦. The DCSs show two shallow minima, a forward-angle
one centered at about 50◦ and a higher-angle one at about
110◦. These minima however, slowly become deeper with
increasing impact energy, and are seen to be each drifting
towards lower angles. At 5.0 eV, the forward-angle one is
almost gone for C3F6 while almost at the edge for C3H6, in
the limit of the minimum measured angle of 20◦, and com-
pletely disappears at 8.0 eV. At this energy, the higher-
angle one now sits at about 90◦ for both molecules. At
100 eV, C3F6 DCSs become greater than C3H6, i.e. being
an average ten times greater. This should be an effect due
to the larger molecular size in case of the C3F6 molecules.

3.3 Comparison between C3H6 and C3F6 with C2H4

and C2F4: the bond effect

As partially pointed out above, the low energy shape res-
onance observed in both TCSs and ECSs at about 2.2 eV
in C3H6 and 3.6 eV in C3F6, but not in cyclo-C3H6 can
be traced back to the C=C double bonding in the molecu-
lar structures for these molecules. This peak has been ob-

served in the TCSs and ECSs for simpler double-bond con-
taining molecules: i.e. at about 1.9 eV in C2H4 TCSs [47]
and ECSs [30]; and at about 2.8 eV in C2F4 TCSs [48]
and ECSs [43]. Figure 3 shows this resonance peak in the
vibrational excitation functions for the present results, in
comparison with those for C2F4. In both C2H4 and C2F4,
this peak has been attributed to the 2B2g symmetry shape
resonance which, in both cases, is a π∗ type. The shift in
the energy positions of this shape resonance peaks between
the pure hydrocarbons and the perfluorocarbons (PFCs)
has been discussed in the case of C2H4 and C2F4 and at-
tributed to the non-planar structure of the C2F−

4 ion, of
C2h symmetry, and having pairs of F atoms attached to C
atoms bent upwards and downwards relative to the C=C
bond plane [48]. Since we observe a similar shift between
the peak positions of this resonance for C3H6 and C3F6,
we infer that the same phenomenon could be responsi-
ble for this too. Note also that the C=C bond length in
C3H6 is 1.341 Å compared to 1.329 Å for C3F6 [49]. In
general, as the effective range of an interaction decreases,
the height of the potential barrier trapping the incoming
electron tends to increase.

4 Conclusion

In this paper we report on experimental and theoretical
studies probing the isomer, fluorination and bond effects
in electron impact TCSs, DCSs and ECSs for C3H6, cyclo-
C3H6 and C3F6 molecules. Vibrational excitation func-
tions have also been studied, for C3H6 and cyclo-C3H6,
and aided in elucidating the nature of the resonances ob-
served at 2.2 eV (C3H6), 3.5 eV (cyclo-C3H6) and around
9 eV. We have observed clear differences in peak positions
and magnitudes between the C3H6 isomers which we re-
gard as the isomer effect. Similar features were observed
between C3H6 and C3F6, which we regard as due to the
substitution of the H atom by the F atom; the fluorina-
tion effect. The effect of the double bond in the molecular
structures was identified for these molecules following the
resemblance of the π∗ shape resonance observed in C3H6

and C3F6 to those in C2H4 and C2F4; the bond effect.
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