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Dissociative electron attachment (DEA) to difluoromethane (CH,F,) has been studied in the electron energy
range of 0 to 16 eV. Two resonant states around 2 and 11.4 eV leading to three different fragment anions (F~,
CHF, and F, ™) are observed. lon-yield curves of the negative ions help us to locate the position of the resonant
states. In the ion-yield curve of F~ ions, one small hump near 9.8 eV followed by a peak around 15.2 eV is
also observed. Absolute DEA cross sections of the F~ ion is measured by using the well-known relative flow
technique. Dissociation channels associated with each resonant states are identified by density-functional theory
(DFT) calculations of the threshold energies. The theory matches quite well within the experimental uncertainty.
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I. INTRODUCTION

Total elastic and inelastic electron-scattering cross-section
studies of fluoromethanes is a topic of interest these days [1].
Cross-section values of these molecules have demand because
of its application to plasma processing in the semiconduc-
tor industry. Beside these, chlorofluorocarbons (CFCs) and
hydrofluorocarbons (HFCs) are the main reason behind the
ozone layer depletion due to their photolytic decomposition.
However, decomposition can also occur due to the low-energy
electron attachment process, named ‘“dissociative electron at-
tachment” (DEA) [2]. DEA is a two-step resonant process; in
the first step, a low-energy electron interacts with a neutral
molecule and is captured resonantly to form a temporary neg-
ative ion (TNI) state. In the second step, the TNI dissociates
into a negative ion and one or more neutral conjugates. So,
it is absolutely necessary to have accurate DEA cross-section
values of these molecules. Several studies are performed in
this direction [3-5], but for difluoromethane (CH,F,) it is
rare. Apart from the absolute cross-section measurements, the
low-energy electron attachment to halomethanes were also
investigated by several groups. In 1992, Modelli et al. [6]
studied the electron attachment to the halomethanes via elec-
tron transmission spectroscopy and observed that low-energy
electrons are attached with the halomethanes, although, for
fluoromethanes, they did not report any low-energy (<6 eV)
resonances. In 2000 Langer ef al. [7] measured the negative-
ion formation due to low-energy electron collision to CF,Cl,.
In this study, the authors observed a low-energy TNI state
(in the ion-yield curve, the resonance peaks are observed
around 0, 1.7 eV for C1—, 3 eV for F~, 2.8 eV for CFCl,~
and CIF~, and 1 eV for Cl, ™) which dissociates via different
fragment negative ions. They concluded that the TNI state,
which dissociates via CI™ negative-ion formation, is formed
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due to shape resonance, where the incoming electron occupies
the molecular orbital with o*(C-Cl) character.

CH,F,; is colorless, odourless, extremely flammable, and
widely used as a refrigerant (see Fig. 1). It is insoluble in
water and heavier than air. The electronic structure and energy
of the CH,F, molecule has been studied by Brundle et al. [8].
Tanaka et al. [9] obtained elastic differential cross sections
below 100 eV incident electron energy; later, the integral cross
section was also calculated [10]. Nishimura [11] calculated
theoretically the vibrationally elastic-scattering cross section
of CH,F, with electron collisions below 30 eV. All these stud-
ies were limited to only the elastic electron-scattering cross
section of CH,F,, but the inelastic-scattering processes like
dissociative ionization (DI), DEA, and ion-pair dissociation
(IPD) process of CH,F, were neglected. Our recent study [12]
addresses both the DEA and IPD processes. In 1998, Motlagh
and Moore [13] studied the electron-impact DI process of
CH,F, molecule up to 500 eV incident electron energy range.
Later, Torres ef al. [14] studied the same up to the 100 eV
energy range by using the time-of-flight mass spectrometry
method. The authors discussed in detail the appearance en-
ergy, absolute total cross section, dissociative ionization cross
sections, and the corresponding kinetic energy of the frag-
ment ions. The DEA and IPD process of the CH,F, molecule
was studied by Scheuremann et al. [15], where the authors
discussed different anions and their corresponding ion-yield
curves. Recently, Gao et al. [16] studied the DEA to CH,F;
molecules by using the velocity map imaging (VMI) tech-
nique, where the author focused on the formation of CHF~
anions only.

The absolute DEA cross section and complete DEA mass
spectrometric studies of CH,F, are not available to date.
In the present study, DEA to CH,F, is discussed within
the O to 16 eV energy range, using a recently developed
advanced time-of-flight mass spectrometer [17]. The abso-
Iute DEA cross section of the F~ ion is reported herein.
Due to very low count rate, the absolute cross section for
the other two fragments (namely, CHF~ and F,7) is not

©2020 American Physical Society


https://orcid.org/0000-0002-4154-3314
https://orcid.org/0000-0002-5896-6364
http://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevA.102.052801&domain=pdf&date_stamp=2020-11-03
https://doi.org/10.1103/PhysRevA.102.052801

DIPAYAN CHAKRABORTY AND DHANANJAY NANDI

PHYSICAL REVIEW A 102, 052801 (2020)

FIG. 1. Molecular structure of CH,F, molecule. The two fluorine
(blue color) and two hydrogen atoms are connected to the carbon
atom.

reported here; the differential cross section is reported in-
stead. Furthermore, we did not succeed to probe velocity map
imaging spectrometer for meaningful measurements, again
due to a very low count rate. With the help of quantum
chemical calculations, threshold energies of different disso-
ciation channels corresponding to different resonant states are
calculated.

II. EXPERIMENTAL AND COMPUTATIONAL METHODS

Details of the experimental setup and the measurement pro-
cedure are described elsewhere [17,18], so here it is discussed
briefly. A magnetically collimated pulsed electron beam with
200 ns pulse width and 10 kHz repetition rate interacts perpen-
dicularly with an effusive molecular beam produced through
a needle of diameter 1 mm. The tip of the needle is kept 4 mm
away from the interaction region. Negative ions formed in
the interaction region are guided through a spectrometer and
collected by a microchannel-plate (MCP) detector. The energy
of the emitted electrons is controlled by an external power
supply which is connected with the electron gun filament. Fil-
ament current is provided by a constant current supply, and the
electrons are emitted via a thermionic emission process. The
electron-beam current is measured by a Faraday cup, placed
opposite to the electron gun in the interaction region. Time-
averaged electron-beam current during the measurement was
around 3 nA. Two magnetic coils in Helmholtz configuration
are used to collimate the electron beam. The typical strength
of the magnetic field is 34 Gauss. The axis of the spectrom-
eter is situated perpendicular to both the electron beam and
molecular beam. The spectrometer consists of a pusher plate, a
puller plate, three lens electrodes, a drift tube, a mesh grid, and
a detector. The electron-molecule interaction occurs between
the pusher and the puller plate. These pusher and puller plates
consist of wire mesh of 90% transmission efficiency to avoid
field penetration into the interaction region. After the puller
plate, three lens electrodes in Einzel lens configuration are
placed to focus the negative ions. The applied voltage to the
three electrodes is 90, 1030, and 90 volts, respectively. To
increase the mass resolution of the spectrometer, one field-free
drift tube is placed after the lens electrodes. At the end of
the drift tube, one cap electrode with wire mesh is placed
to avoid field penetration into the spectrometer from the de-

tector. Both the drift tube and the cap electrode is biased to
1590 V. After the drift tube, MCP-based detector is placed to
collect the negative ions. The detector consists of two MCPs
in chevron configuration, along with one collector plate. The
time-of-flight (ToF) of the detected ions is determined from
the back MCP signal.

The absolute cross section of each fragment anion was
measured by using a relative flow technique (RFT) [19-21].
The RFT is basically a calibration procedure where one needs
to compare the relative intensities of the species of interest
with a standard species of known cross section by keeping the
other experimental conditions unchanged. For example, in the
present case the absolute cross section of F~ fragment ions
from CH,F; is determined by using the dissociative electron
attachment (DEA) cross section [22] of O~ ions from O,
using the equation

NE") L(0y)
N(O7) I,(CH,F,)

><< Mo, )1/2 Fo, K(O7)
Fenr, K(F7)'

o(F~/CHyF,) =0 (07 /03)

Mcn,F,

Here, N is the number of fragment ions collected for a
fixed time, F' is the flow rate of the corresponding gases, I, is
the time-averaged electron-beam current, M is the molecular
weight of the parent molecules, K is the detection efficiency,
and o is the absolute cross section. All these factors and
their contributions in the overall measurements are discussed
in detail in the previous study [17]. Since at low pressure
it is very difficult to measure the flow rate accurately, the
relative pressure technique (RPT) is also used to determine the
absolute cross section. In that case, the above equation takes
the form

i NG L0y Po, KO
o (B /CHaF)=0(07/02) G 5= 1Ry Powr, K(F)
@)

The experiment was performed with 99.9% pure commer-
cially available CH,F, gas, and the chamber was kept in
ultrahigh vacuum (10~ mbar) for more than one week before
the experiment. The mass resolution of the spectrometer is
high enough that one can separate the mass difference of 1
amu within this range with the kinetic energy of fragments up
to 4 eV [17]. Hence the error due to the impurity is negligible
in the measurements. The statistical errors in counting were
5% in the case of F~ and 1% in case of O~. The procedure
for detecting all the other experimental uncertainties involved
in the measurements, i.e., electron-beam intensity, flow rate,
efficiency of the spectrometer, are discussed in detail in our
instrumental paper [17]. Considering all these factors, the
overall uncertainty in our measurement is within 15%.

Quantum chemical calculations are performed using the
GAUSSIAN 16 software [23]. Thermodynamic threshold en-
ergies for each dissociation pathway are obtained from
density-functional theory (DFT) using the B3LYP functional
[24] and the flexible aug-cc-pVTZ basis set [25]. This level
of theory is largely in excellent agreement with experimental
results, at least for small molecules [26].
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FIG. 2. Mass spectra of the CH,F, at 11 eV incident electron
energy after background subtraction. Three different masses F~,
CHF~, and F,~ are shown, respectively.

III. RESULTS AND DISCUSSION

Within the Franck-Condon (FC) transition window, the
resonant capture of low-energy electrons to the ground state
CH,F, creates the TNI state of the molecule. After the forma-
tion of the TNI, there are two competing channels: One is the
dissociation of the TNI by forming a negative ion and neutral
conjugates; the other is the autodetachment (AD), where the
TNI ejects the electron and goes back to the parent neutral
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molecule (may be in a vibrationally excited state). Mainly, the
lifetime of the TNI determines the cross section or the proba-
bility of negative-ion formation. If the lifetime is subsequently
sufficiently high (on the order of the vibrational time period
of the molecule) that it can cross the critical distance for
dissociation, the DEA cross section will be high; otherwise,
AD of the TNI dominates. Mass spectra of DEA to CH,F,
is recorded from O to 15 eV in 1 eV intervals to get insight
into the possible dissociation channels. Figure 2 represents the
mass spectra of DEA to the CH,F, molecule at 11 eV electron
energy, where one can observe three different negative ions:
F~, CHF~, and F,™. This mass spectra dictates that, in the
DEA process, at least three dissociation channels are present.
In the previous experimental study, the first two channels (F~
and CHF ™) were observed [15], but the third channel (F,7) is
observed for the first time. Ion-yield curve of each fragment
anions is recorded from 0 to 16 eV to locate the position of
different resonant states involved in the DEA process. Fig-
ures 3, 4(a), and 4(b) represent the ion-yield curve of F~,
CHF~, and F,~ ions, respectively, where one can observe the
presence of two resonant states near 2 and 11.4 eV for all three
fragment anions. For F~, a small hump near 9.8 eV followed
by a peak near 15.2 eV is also observed. The same behavior
was observed previously by Scheuremann et al. [15]. In the
proceeding sections, the different resonant states and their
corresponding dissociation channels are discussed in detail.

A. Resonance at 2 eV

The ion-yield curves of F~, CHF~, and F,~ ions [Figs. 3,
4(a) and 4(b)] reveals that the resonant state near 2 eV disso-
ciates by forming three different negative ions. Resonance at
such low energy indicates that it is a shape resonance [27]. The
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FIG. 3. Ion yield curve of F~ from DEA to CH,F, molecule. (a) The ion-yield curve (without electron-beam intensity correction) up to
16 eV. Three resonance peaks at 1.9, 11.4, and 15.2 eV along with a small hump near 9.8 eV are observed. (b) The electron-beam intensity-
corrected cross-section value. Due to low electron-beam current, the cross section below 2.8 eV is suppressed in panel (a). Due to varying
electron-beam current, the measured cross-section value is more erroneous in this region.
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FIG. 4. Ion-yield curves of (a) CHF~ ions and (b) F,~ ions. Two
resonance peaks at 2 and 11.4 eV are observed in both cases.
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dissociation channels corresponding to the 2 eV resonance are
discussed below.

1. ¥~ dissociation channel

Figure 3 represents the ion-yield curve of F~ from DEA
to CH,F,, where one low-energy resonant state peaking at
1.9 eV is observed. Such low appearance energy indicates
that the formation of F~ ion proceeds through the single-bond
dissociation of the TNI. The larger cross section of the F~
ion compared with CHF~ and F, ™ ions indicates that the TNI
dissociates, preferably via the cleavage of a C—F bond. The
dissociation channel can be represented as

CHF, + ¢~ — (CH,Fy)™* — F- +CH,F.  (3)

Our theoretical calculation validates this conclusion further.
Table I displays the theoretically calculated threshold ener-
gies Ety of different fragment anions resulting from different
dissociation channels. The calculated Et, of the F~ ion for
the single-bond dissociation process is found to be 1.63 eV. It
is relevant to note here that all the ion-yield curves presented
in this paper are extremely low-intensity signals. Hence, the
accuracy of the AE is estimated to be approximately 0.4 eV,
i.e., the resolution of our electron gun. One can further derive
the thermodynamic threshold of the F~ ion from the thermo-
chemical values available in the literature and compare with
our present observation by using the equation

Ke = (1 — %)[Ve —(D—A+EY]. (4)

Here, Ki- is the kinetic energy of the F~ ions, m is the mass
of the F~ ions, V, represents the incident electron energy,
D represents the bond dissociation energy, A is the electron
affinity of F, and E* is the internal energy of the CH,F
fragment. Now at the threshold energy of this dissociation
process, Kg- will be zero. From the literature one can find
the bond dissociation energy D(F-CH,F) = 5.14 eV [28] and
electron affinity EA(F) = 3.4 eV [29]. Now, if the neutral
CH,F molecule formed in the ground state, then by using
Eq. (4), the thermodynamic threshold for the formation of
the F~ channel is found to be 1.7 eV, which is close to our
theoretically obtained threshold energy. This further supports
our theoretical calculation and the present experimental result.
The measured DEA cross section of the F~ ion at 1.7 eV
electron energy is 25.38 x 107! ¢cm?. The time-averaged
electron-beam current used in the measurements decreasing
continuously below 2.8 eV and reaching to zero at 0 eV
[17]. As the electron-beam intensity is directly related to the
measured negative-ion counts, the electron-beam intensity-

TABLE I. The experimentally observed appearance energies are compared with the theoretically obtained threshold energies of various
dissociation channels. The agreement between these two helped us to identify the proper dissociation channels corresponding to the resonance

peak.

Ion Resonant peak (eV) Appearance energy (eV) Dissociation channel Threshold energy (eV)
F~ 1.9 0.1 F~ + CH,F 1.63

F~ 9.8,11.4 7.5 F-+CHF+H 6.13

F~ F-+CH, +F 7.47

F~ 15.2 F-+CH+H+F 11.60

F- F-+CF+H+H 9.52

CHF~ 114 8.5 CHF~ +H+F 8.90

F,~ 11.2 9.5 F,~ +CH, 6.26
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calibrated cross section is shown in Fig. 3(b). If the relative
cross section between 1.9 and 11.4 eV peak in Figs. 3(a)
and 3(b) is compared, one can observe that the relative cross
section below 2.8 eV in Fig. 3(b) is larger than that in Fig. 3(a).
At low electron energy where the electron-beam current is
very low, the cross section is more erroneous [17].

2. CHF~ and F,~ dissociation channels

Figures 4(a) and 4(b) represent the ion-yield curve of
CHF~ and F,~ from DEA to the CH,F, molecule. In the
recent DEA study of the CH,F, molecule by Gao et al.,
the authors reported the formation of CHF~ anions from the
11 eV resonance [16]. However, the authors did not report
the 2 eV resonance. Previously, in the experimental study by
Scheuremann et al., this 2 eV resonance was neglected for
extremely low cross section. Due to the total ion collection
capability of the newly developed spectrometer, we are able to
record the presence of this 2 eV resonant state. The underlying
dynamics behind this dissociation process is not as simple
as the F~ ion. The formation of CHF~ ions with such low
AE indicates that some structural rearrangements occurred
in the TNI state. Here a C-H bond dissociates and a H-F
bond forms before the final C-F bond dissociation of the TNI
state occurred. The dissociation channel of the TNI can be
represented as

CH2F2 +e — (CHzF‘z)_%< — CHF™ + HF. (5)

Similarly for F,~ channel, one C-F bond dissociates and a
F-F bond forms before the final C—F bond dissociation of the
TNI. Structural rearrangements in low-energy TNI states have
already been observed in simple biomolecules like CF,Cl,
[7] to complex organic acids [30]. To compute the thresh-
old energy for these cases, high level theoretical calculation
is required and hence excluded from the present study. The
measured cross-section values of these two ions are too low to
report any reliable absolute value, hence the differential values
are reported only.

B. Resonances around 11.4 eV

In the measured excitation function of the three negative
ions [Figs. 3, 4(a), and 4(b)], one broad resonance peak near
11.4 eV is observed. Along with the 11.4 eV resonance peak,
one small hump near 9.8 eV and another resonance peak
around 15.2 eV is also observed for the F~ anion (Fig. 3). The
presence of 9.8 and 15.2 eV resonant states along with 11.4 eV
was observed previously [15]. This indicates the presence of
more than one closely lying resonant state in the Franck-
Condon transition region. To understand this behavior, results
are compared with the previous experimental and theoreti-
cal studies [6,10]. Using electron transmission spectroscopy
(ETS) and multiple scattering X (MS-X«) bound-state cal-
culations; Modelli et al. studied the electron attachment to
halomethanes [6]. Here, the authors made a detailed compari-
son between the experimentally observed electron attachment
cross sections with the theoretically obtained values for the
halomethane compounds. They obtained a nice agreement
between the theoretically and experimentally observed values,
which confirms the reliability of their theoretical calculations.
Due to the unavailability of the sample, they could not

perform any experimental study for the CH,F, molecule;
however, their theoretical observations indicate that two broad
o™ resonant states with symmetry B, and A; with com-
parable intensities are present around 10 eV. The same
conclusion was drawn by Varella et al., where the authors
performed complete theoretical and experimental differential
cross-section measurement studies of the CH,F, molecule
[10]. Here, the authors indicate the presence of two res-
onant states at 10.5 eV (*A;) and 11.5 eV (®B,) [10].
Recently Gao et al. reconfirmed the presence of an 11 eV
resonant state in CH,F,. Comparing with the previous
studies, in the present case, a clear signature of the res-
onant states around these above-mentioned energy ranges
are observed. Two peaks, as mentioned by Modelli et al.
and Varella et al., are not possible to observe separately due to
poor electron gun resolution; however, a small hump at 9.8 eV
along with a clear peak at 11.4 eV is observed in the F~ ion
yield. The presence of 15.2 eV resonant state in the ion yield
of F~ ions is beyond the present understanding, although its
presence was recorded previously [15].

1. F~ dissociation channel

A resonance that occurred at such high energy (generally
above the first excitation energy of the molecule) can be as-
sociated with the core excited Feshbach resonance, where the
resonant electron capture occurred in one of the metastable
valance states of the molecule [27]. To identify the proper
dissociation channel corresponding to these resonant states,
threshold energies are calculated and compared with the ex-
perimentally observed appearance energy (AE). Such a high
AE clearly dictates that this resonant state dissociates through
a multibond dissociation process forming F~ ions. The disso-
ciation channels can be represented as

F~ 4+ CHF +H (a)

F~ +CH, +F (b)

F-+CH+H+F(c)

F"+CF+H+H ().
(6)

Calculated threshold energies corresponding to each dis-
sociation channels are listed in Table I. Reactions (6)(a) and
(6)(b) are the two bond dissociation processes with threshold
energies 6.13 and 7.47 eV, respectively. This certainly indi-
cates that the resonant states at 9.8 and 11.4 eV are associated
with these two dissociation channels. For reactions (6)(c) and
(6)(d), the calculated threshold energies are 11.6 and 9.52 eV,
respectively, indicating the possible involvement of the three-
body dissociation process for the 15.2 eV resonant state. It is
to be mentioned here that high AE energy does not always in-
dicate a multibond dissociation process. Sometimes the excess
energy is absorbed by the dissociating fragments, resulting
in their excited states. In the present study, the dissociation
channels are predicted only by looking at the corresponding
threshold energies. The measured absolute DEA cross section
of the F~ ions at 11.4 eV is 9.75 x 1072 cm?.

Upon close inspection of Fig. 3(a), one can observe that
the cross section of the F~ ion is gradually increasing be-
yond 8 eV incident electron energy. Continuous increase in
ion counts with increasing electron energy indicates the in-
volvement of an ion-pair dissociation (IPD) process around

CH,F; + e~ — (CHF,)™ —
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this energy [31]. The same behavior was observed previously
by Scheuremann et al. [15]. Recently Gao et al. [16] found
that the threshold energy of CHF~ ions for the ion-pair dis-
sociation process of CH,F, is around 18.67 eV. However,
the authors did not mention anything about the F~ ions. The
only two experimental observations of the F~ ion-yield curve
indicates the possible involvement of ion-pair states around
8 eV; this means, in the FC transition window, the ion-pair
state lies below the TNI state, and at 11.4 eV, DEA and IPD
processes coincide [15]. Hence, in the FC transition window,
more than one TNI and ion-pair states could be possible in this
energy region. This observation is purely speculative at the
moment and drawn by observing the nature of the ion-yield
curve only. A high-level theoretical calculation is required to
further understand this behavior.

2. CHF™ and F,~ dissociation channels

Figure 4(a) represents the ion-yield curve of CHF~ where a
resonance peak at 11.4 eV is observed. The same behavior was
found in previous experimental studies [15,16]. Resonance at
such high energy indicates the involvement of a core excited
Feshbach resonance [27]. In the present context, a theoretical
threshold energy calculation is performed in order to identify
the proper dissociation channels. Such high AE of the CHF~
anions indicates that a two-bond dissociation process is in-
volved. The dissociation channel can be represented as

CH,F; + ¢~ — (CH,F,) ™ — CHF + H+FE  (7)

The calculated threshold energy of the above-mentioned
reaction channel is 8.9, which is close to the experimentally
obtained AE (Table I). In the recent study, Gao et al. discussed
the different dissociation channels of the TNI state, forming
CHF~ anions [16]. The authors indicate the involvement of
concerted dissociation process, as mentioned in Eq. (7).

For F,™ ions, a small resonance peak can be observed
near 11.2 eV [Fig. 4(b)]. As mentioned earlier, one possibil-
ity of the F,~ dissociation channel is through the structural
rearrangements in the TNI state. A further experimental and
theoretical investigation is required to understand the dynam-
ics of this dissociation process and is daring to comment on
anything based on the present understanding. However, one
can try to find some similarities with the recently documented
DEA studies of the SO, molecule [32,33]. According to Gope
etal. [33], the S~ dissociation channel proceeds while produc-
ing the O, molecule as the neutral conjugate. This dissociation
process requires the two vibrational modes’ simultaneous oc-
currence: symmetric stretching and symmetric bending of the
SO, molecule. Dissociation of two S—O bonds along with the
formation of an O—O bond occurred in this process. Similarly,
in the case of CH,F,, one can think of two C-F bond dis-

sociations along with the formation of a F—F bond for the
F,~ dissociation channel. The dissociation channel could be
represented as

CH2F2 +e — (CHze)_* — FQ_ + CH2 (8)

The calculated threshold energy of this dissociation chan-
nel is found to be 6.26 eV. The large difference between the
threshold energy and the AE [Fig. 4(b)] indicates that the
fragments are formed in their corresponding electronic excited
states. In the case of DEA to the SO, molecule [33], a similar
thing is observed. However, it is purely speculative at the mo-
ment and needs more studies to understand the process prop-
erly. Due to extremely low counts, we are unable to report any
meaningful absolute cross-section value for CHF~ and F, .

IV. CONCLUSION

The absolute cross section of F~ ions from DEA to CH,F,
has been measured within O to 16 eV electron energy range
by using the relative flow technique. One low-energy resonant
peak near 2 eV followed by two higher-energy peaks near 11.4
and 15.2 eV have been observed. One small hump near 9.8 eV
is also observed. Three different negative ions, F~, CHF~, and
F,~ are observed as dissociation products of all the resonant
states. The presence of the F,™ ion in the DEA to CH,F,
is observed. Theoretical threshold-energy calculations helped
us to assign the proper dissociation channel corresponding
to each resonant state. From the ion-yield curve of the F~
ion, we speculate that around 11.4 eV electron energy, the
DEA and IPD processes coincide. The absolute DEA cross
section of the F~ ion is reported. The experimental result
indicates that more than one different TNI and IP states of the
CH,F, molecule are available within 0 to 16 eV energy range.
Detailed experimental and theoretical studies in this direction
are further required to understand the dynamics properly.
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