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Abstract: The ionization data of a neutral molecule are crucial to model the energy deposition and
dissociative ionization process. We study theoretically the electron impact ionization process and
report on the dissociative ionization cross sections of the tungsten hexafluoride cations invoking
the modified-binary-encounter-Bethe model. In this model, the binary-encounter-Bethe model is
modified by applying the transformation to the binding energies of the molecular orbitals and then
normalizing the partial ionization cross sections of the cations using the branching ratios. The
normalization is performed at a particular energy and ensures that the branching ratios of different
fragments are summed to unity. The model yielded satisfactory results for both the singly and doubly
ionized ions. The approach validates the results of Basner et al. The advantages and limitations of
this model are also discussed. This work corroborates the importance of mass spectrometry data in
the proper understanding of the ionization process.

Keywords: mass spectrometry; cations; appearance energy; branching ratio; plasma modeling;
electron ionization; total and partial ionization cross section; BEB model; modified-BEB model

1. Introduction

Electron ionization is an important technique in mass spectrometry (MS) for the
characterization of the cations formed due to dissociative ionization [1]. In low-pressure
non-thermal plasmas, the electron impact ionization is a dominant process for the formation
of ions and radicals at energies beyond ionization threshold. This formation occurs via
dissociative ionization of the molecules. The ions, free electrons, neutral and excited atoms,
and molecules, present in plasma modify the structural properties and expedite the surface
reactions at low activation energies, thus enhancing the plasma processing rates [2]. The
positively charged ions stimulate the plasma polymerization [3,4], influencing the rate of
combustion [5,6], and play an important role in plasma etching [7]. The total and partial
ionization cross sections due to electron impact are, therefore, needed to understand the
electron ionization processes and to develop plasma models [8–10].

Unfortunately, the ab initio methods have proved successful in computing the partial
ionization cross sections only for the lightest molecules [11]. This is due to the inherent
nature of the close-coupling (CC) scheme adopted to compute the cross sections. In these
methods, the accurate representation of the scattering states requires a large number of
target states, a large basis set and accurate representation of continuum states of incident
and ejected electron. This makes the ab initio calculations intractable for simple and com-
plex targets even with the latest computing systems. A need is therefore to have methods
that can provide reliable estimates of ionization cross section data quickly and in the least
expensive way. The modified-binary-encounter-Bethe (m-BEB) model is a variant of the
binary-encounter-Bethe (BEB) model [12] and has shown promising results for electron
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impact partial ionization cross sections for both simple and complex systems [13–20]. In all
these systems, the singly ionized (SI) positive ions dominated the ionization process and
hence the model was tested only for the SI ions. The tungsten hexafluoride (WF6) is one
such target where the ionization process is dominated by SI ions, but the doubly ionized
(DI) ions contribute significantly to total ionization cross sections (TICS) [21]. Thus, this
target is ideally suited to test the performance of the m-BEB model. WF6 gas is preferred
over WCl6 and WBr6 because of its higher deposition rates [22]. It slows down the flame
chemistry of the Ar/O2/H2 mixture and thus reduces the flame temperature [23]. WF6 is
primarily used in the semiconductor industry to deposit tungsten metal through a chem-
ical vapor deposition process [24,25] on conducting and insulating substrates [26,27]. It
is used as a precursor in the synthesis of high-purity tungsten oxide nanoparticles [23],
two-dimensional deposition of WS2 at low temperatures [28,29]. The two-dimensional
transition metal dichalcogenides are considered as potential low dissipative semiconductor
materials for nanoelectronic devices.

Although WF6 is an essential plasma-enriched material processing molecule, the
partial ionization cross section data is not extensively available. Only Basner et al. have
performed experimental measurements of partial and total ionization cross sections for this
molecule [21]. The theoretical calculations involve the calculations of the total ionization
cross sections using semi-empirical models [30,31] and have not been applied to compute
the cross section data for doubly ionized ions.

Thus, in view of the limitations of the CC approaches and the fact that partial ionization
cross section data is required for simple and complex molecules in different fields where
the ionization process is of importance [32–36], the m-BEB model offers a solution to the
computing problem. This model is extremely simple, reliable, and independent of the
processes involved in the formation of the ions. Moreover, it does not suffer from any
bottleneck due to a lack of available data. In this work, the partial ionization cross sections
of the fragments of WF6 generated are reported using the m-BEB model for SI and DI ions.
The study of electron impact ionization of WF6 has provided useful insights for a better
understanding and interpretation of the BEB and m-BEB model results. Several aspects of
the m-BEB model, such as the role of electron ionization mass spectrometry (EIMS) data
and the normalization of cross section data are also discussed.

2. Methodology
The BEB and Modified-BEB Models

In the BEB model [12], the total electron impact ionization cross section is the sum of
the cross sections of individual molecular orbitals, i.e.,

QI
B(t) = ∑

i

Si
ti + ui + 1

{(
1− 1

t2
i

)
ln ti

2
+ 1− 1

ti
− ln ti

ti + 1

}
(1)

where i denotes the particular molecular orbital, ui = Ui/Bi and ti = E/Bi are the reduced
orbital kinetic energy and incident energies, respectively. Si = 4πa2

0 Ni (R/Bi)
2. The

notations E, R, and a0 refer to the incident energy of the incident electron, Rydberg constant,
and Bohr’s radius, respectively. Bi and Ui are the magnitudes of the binding energy and
orbital kinetic energy; and Ni is the occupancy number of the ith molecular orbital. The
ionization cross sections are zero if energy of the incident electron is less than the first
ionization threshold.

The advantages of this model are plenty. The TICS are expressed in a simple analytical
form. The input parameters such as Bi, Ui, and Ni appearing in Equation (1) are easily
obtained using quantum chemical software for any basis set and at a desired level of
theory. The impact of basis sets on input parameters is minimal. This means that even
a moderate-quality basis set will yield TICS comparable to a bigger and superior basis
set. The model, in spite of having limitations [37], has received huge attention due to its
simplicity and effectiveness in estimating TICS [38]. One of the drawbacks of this model is
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that it cannot be applied to computing the partial ionization cross sections (PICS) of ions
created during the electron impact dissociative ionization process. The two working groups
of Tennyson et al. and Baluja et al. have amended the BEB model differently to estimate the
PICS [13–15,18–20]. The form used in this work was proposed by Baluja and co-workers. It
involves two-way modification of the BEB model vis-à-vis (a) scaling of molecular binding
energies of orbitals and (b) normalizing the cross sections. The latter modification results
in the branching ratios (BR) which have the same values as those provided by the mass
spectrometry data. The details of the m-BEB model, including the limitations, are discussed
in another paper which the readers can refer to [13]. The normalized PICS in the m-BEB
model are given by:

Q
′
B(t) = Γj ∑

i

Sij

tij + uij + 1

{(
1− 1

t2
ij

)
ln tij

2
+ 1− 1

tij
−

ln tij

tij + 1

}
(2)

where the sum is over all the molecular orbitals i. In Equation (2), tij = T/(Bij + ∆ij),
∆ij = AEij − Bij, uij = Ui/tij, Sij = 4πa2

0 Ni (R/tij)
2. Γj is the normalization factor for

jth cation.

3. Computational Details

The input parameters to compute PICS were obtained at the optimized ground state
geometry of WF6 using the quantum chemistry software Gaussian [39] at the Hartree–Fock
(HF) level using effective core potentials (ECP) [30,40]. The LANL2DZ ECP-type basis set
was used to obtain the input values of B, U, and N for different molecular orbitals. It is a
shape-consistent basis set from the Los Alamos group of double zeta quality based on scalar
relativistic all-electron calculations. Its pseudo-valence orbitals preserve the shape of all
electron valence orbital [40]. We can use other basis sets as well to obtain input values. The
BEB results are, however, insensitive to basis sets. The summation in Equations (1) and (2)
runs over 34 molecular orbitals. The precise threshold behavior of the theoretical cross
sections was obtained by using the experimental values of appearance energies (AE) of
cations and ionization energy of the molecule. The ionization energy and mass spectrometry
data are referenced from NIST Chemistry Webbook database [41]. The theoretical TICS
were obtained using the BEB model. Being a complicated molecule, and considering the
fact that the availability of experimental ionization scattering data is very limited, it would
be appropriate to discuss the BEB results first for their logical interpretation.

4. Results and Discussion

During the electron impact ionization process, a target molecule undergoes ionization
as well as dissociative ionization depending upon the energy of the projectile electron.
The dissociative ionization occurs only if the energy of the electron is greater than the
ionization threshold of the target molecule. The absolute partial ionization cross sections
from threshold to 900 eV were measured by Basner et al. using the time-of-flight (TOF)
spectrometer in the linear model [21]. The mass spectrometry data were recorded in linear
and reflection modes, but the values were not reported. The PICS were reported for 12
cations, which include both the SI and DI cations. These results had an uncertainty of 15%.
The ionization cross section results reveal that at 70 eV, the major contribution to TICS comes
from SI ions only. The parent ion WF+

6 does not exist and the dissociative ionization process
dominates the ionization process. The dominant ion WF+

5 shows peak cross sections at
around 120 eV. Its contribution at 70 eV is around 56%, but it is reduced to 43% at 120 eV.
The TICS of WF6 exhibit a peak in cross sections at 160 eV. This shift in peak is attributed to
the sizeable contribution of DI coming at higher energies. All DI ions have their magnitudes
lower than the most dominating ion SI by one order. These features make the TICS of WF6
different from all our earlier studies in which the TICS were purely dominated by SI and
there was no visible impact of DI over the entire energy range studied [13–18]. While the
BEB model is valid for SI ions, it would be interesting to compare the results obtained from
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the BEB model with the experimental results of Basner et al. [21] who have reported SI, DI,
TICS over a broad energy range.

The TICS computed using the BEB approach are shown in Figure 1. The figure also
shows the TICS of SI, DI ions their sum, and the experimentally measured TICS as reported
by Basner et al. [21]. Several interesting observations are made on the basis of the results
and their comparison. The sum of experimentally measured SI and DI ions is a little
underestimated as compared to the TICS reported by Basner et al. [21]. This is baffling.
This variation may be due to the normalization procedure adopted or to the fact that
the complete contribution of ion current was not taken into account. The BEB-TICS are
overestimated compared with the experimental SI, but are in close agreement with the
experimentally measured TICS and the sum of SI and DI ions. It is reiterated that the BEB
model provides the estimates of SI ions and hence, comparison has to be made only with
SI results and not TICS. This is because the TICS may have a contribution from DI ions
as well, such as the WF6 itself. The BEB results still lie within the acceptable uncertainties
which are usually between 15 and 20% [38]. In fact, the agreement between the BEB results
and of Basner et al. [21] is much better than for Probst et al. [31]. Thus, while comparing,
one has to analyze the results carefully. For the sake of clarity, we have not displayed the
results of Probst et al. [31] and earlier results of Huo et al. [30] in Figure 1.
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Figure 1. Total ionization cross sections of WF6: dashed curve, BEB; circles, Basner et al. [21];
triangles, sum of SI and DI ions from Basner et al. [21]; left triangles, summed PICS of DI cations
from Basner et al. [21]; right triangles, summed PICS of SI cations from Basner et al. [21]; line curve,
renormalized BEB results.

The contribution of SI and DI ions at 70 eV as reported by Basner et al. [21] is sup-
ported by the EIMS data available at NIST Chem-Webbook [41]. At this energy, the total
contribution of SI ions to TICS is around 98%, whereas it is reduced to 76% at 140 eV.
The DI contribution increases to 24% at 140 eV. The EIMS provides an important clue
for the TICS at a particular energy. Since the EIMS data are not available at 140 eV, this
comparison cannot be made with the experimental measurements of Basner et al. [21]. A
piece of fine information can be extracted on the fragmentation yields of the cations from
the NIST EIMS data [41]. The NIST data includes the relative cation abundances of the
isotopes also, which are missing from the work of Basner et al. [21]. The element tungsten
has five naturally occurring isotopes. The lowest isotope has an integral mass of 180 Da
and the heaviest has an integral mass of 187 Da. The other isotopes correspond to integral
masses 182 Da, 183 Da, and 184 Da. Of the five isotopes, the most abundant isotope is
184 Da. The three dominating peaks in EIMS data of WF6 correspond to m/z = 279, 281,
and 277. These three isotopes contribute about 19.7%, 18.4%, and 17% to the TICS at 70 eV.
Together, all the isotopes of WF5 have a contribution of about 65% to TICS at the same
energy. This crucial information is missing in the work of Basner et al. [21] as they have
reported the PICS only in linear mode using a TOF spectrometer. One can still compare
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the contribution of the fragments from the cross section data of Basner et al. [21] and NIST
Chem-Webbook [41]. The two are in agreement, provided we ignore the isotopic forms
and consider them as a single entity, or if we renormalize the fragmentation yield data
by considering the cations common to both EIMS data and Basner et al. This is shown
in Table 1. The NIST Chem-Webbook [41] does not report an F+ ion.

Table 1. Branching ratios (BR) of various cations of WF6 produced by electron impact dissociation
at 70 eV.

Ions Mass-to-Charge
Ratio m/z Basner et al. [21] †

NIST
Chemistry

EIMS
Data [41] †

Renormalized
NIST EIMS
Data [41] α

F+ 19 0.4005 (−1) * - -

W++ 92 0.2018 (−2) - 0.5937 (−2)

WF++ 102 0.4192 (−2) - 0.6583 (−2)

WF++
2 111 0.8073 (−2) 0.1557 (−2) 0.5098 (−2)

WF++
3 120 0.1288 (−1) 0.1695 (−2) 0.5550 (−2)

WF++
4 130 0.2111 (−1) 0.6192 (−2) 0.2026 (−1)

WF++
4 139 0.2111 (−1) 0.5442 (−2) -

W+ 184 0.3260 (−1) 0.6823 (−2) 0.2233 (−1)

WF+ 203 0.4968 (−1) 0.1057 (−1) 0.3459 (−1)

WF+
2 222 0.9827 (−1) 0.2405 (−1) 0.7874 (−1)

WF+
3 241 0.8787 (−1) 0.2543 (−1) 0.8325 (−1)

WF+
4 260 0.8119 (−1) 0.2819 (−1) 0.9229 (−1)

WF+
5 279 0.5620 0.1972 0.6453

† Using the ionization cross section data. * The notation (−n) signifies ×10−n. α After considering channels
common to Basner et al. [21].

To compute SI and DI PICS, we renormalized the BEB results to the TICS of Bas-
ner et al. [21] obtained from the sum of SI and DI ions. This is discussed later. This
permitted us to apply the m-BEB to test its validity for the SI and DI ions. This practice
has been followed in the past as well [13,14,17] and it helps to rule out the variations in
PICS arising from TICS. The BR for all cations were obtained from the cross section data of
Basner et al. [21] at an energy of 140 eV as the peak value of TICS occurs near this value.
These values are listed in Table 2. The EIMS data could not be used as they were recorded
at 70 eV energy, where the contribution of DI is negligible.

The PICS of various cations, doubly and singly ionized, generated due to dissociative
ionization, computed using the m-BEB approach, are presented in Figures 2–6. It is observed
that the results are very good for the SI ions such as WF+

5 , after 40 eV. This is the most
dominating ion in the ionization process. The experimental results show a shift in the peak
in cross section for ions WF+

4 and WF+
3 to lower energy values around 55 eV from 120 eV.

The rise in these cross sections is very sharp, while the high energy behavior is similar to
WF+

5 . The m-BEB results for these ions are in fair agreement with the experimental data
after 50 eV, but they are unable to reproduce the experimental peaks. The same is true for
WF+

2 , and WF+ ions. The theoretical results are very good for the W+ ion at all energies.
The results show substantial deviations in the case of the F+ ion although the quantitative
agreement can be noticed. The use of experimental values of AE provides better results
near the threshold region.
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Table 2. Branching ratios and Normalization constant (Γ) of various cations of WF6 produced by elec-
tron impact dissociation at 140 eV. These are obtained using the cross section data of Basner et al. [21].

Ions m/z BR † Γ

F+ 19 0.1048 0.1296

W++ 92 0.2627 (−1) * 0.2514

WF++ 102 0.2023 (−1) 0.1572

WF++
2 111 0.2292 (−1) 0.1434

WF++
3 120 0.2627 (−1) 0.13821

WF++
4 130 0.3347 (−1) 0.1374

W+ 184 0.5663 (−1) 0.2167

WF+ 203 0.4595 (−1) 0.1603

WF+
2 222 0.7834 (−1) 0.1745

WF+
3 241 0.5734 (−1) 0.0967

WF+
4 260 0.5855 (−1) 0.0748

WF+
5 279 0.4691 0.4447

† Ionization cross section data. * The notation (−n) signifies ×10−n.
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Figure 2. Partial ionization cross sections of SI cations of WF6: (a) m/z = 19, (b) m/z = 184. Line
curve, m-BEB results after renormalizing BEB TICS to the sum of SI and DI PICS of Basner et al. [21];
Circles, the sum of SI and DI PICS of Basner et al. [21].
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m-BEB results; Circles, SI PICS of Basner et al. [21].
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Figure 6. Partial ionization cross sections of DI cations of WF6 for different m/z values. Line curves,
m-BEB results; Symbols, DI PICS of Basner et al. [21].

The PICS due to DI ions are displayed in Figure 6. The DI shows a sharp fall in PICS
with an increase in incident energy. However, in the region between the threshold and
200 eV, the m-BEB results show excellent agreement with the corresponding experimental
results. A similar positive trend was also observed in the case of hexamethyldisiloxane [15].
However, the number of ions was smaller and the dissociative ionization process could not
be discussed in detail. However, present work and earlier work indicate that even the DI
can be reproduced satisfactorily using the m-BEB model. This is encouraging as there are
not many methods available to compute the PICS of DI.
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The visible disagreement between theory and experiment is observed in case of
F+ ionization cross sections from Figure 2a. The modeling of partial ionization cross
sections requires multiplication of theoretical cross sections by a normalization factor
(refer to Equation (2)). This simply scales down the cross section data without shifting
the peak position in m-BEB model. This cation (F+, m/z = 19) shows the peak value of
the ionization cross section at 200 eV, whereas the TICS of WF6 shows the peak occurring
around 140 eV. This means that the peaks of cation and TICS occur at different energies.
Since the scaling does not shift the peak position in the cross section curve, this leads to
appreciable disagreement between the experimental and theoretical data sets. It is reiterated
that this work emphasizes the importance of EIMS data in obtaining the PICS. This data is
determined at a single electron energy of around 70 eV. This makes EIMS data less useful
in tungsten hexafluoride. At 70 eV, the doubly ionized ions just start appearing and also
it does not correspond to maximum value of its relative cation abundance data in few
cases. We need EIMS data at different electron energies in order to correctly reproduce the
experimental peaks. However, this proposition is not practical. Thus, we are bound to see
this type of disagreement whenever cations and TICS show peaks in a cross section curve
at different energies.

The shift in peak has to be understood as each ion has its distinct energy profile. The
fact that PICSs show a deviation simply means that the BR exhibits energy dependence.
This feature has also been discussed in earlier work [15,16]. The present work suggests that
the m-BEB model is dependent upon the cross section results as the BR were computed
using this data. This appears to be a serious limitation to this work. However, the model
can be made independent of experimental cross sections data, provided that EIMS data
are available at higher energies. Computing BR from EIMS data would have provided
results that would be in agreement with the experimental data only at 70 eV. Since the
TICS show a maximum value at 140 eV, the PICS computed from the m-BEB model using
the BR calculated at 70 eV would have shown significant variation in the results. Thus, it
is imperative to have EIMS data at an energy value where the TICS show the maximum.
Otherwise, the m-BEB results would not be very attractive.

The m-BEB PICS, as shown in Figures 3, 4a, and 6, overestimate the measurements at
high energies. The cations that are formed by indirect processes or by multiple pathways
have shown a sharper fall in the experimentally determined PICS (present and even in
earlier studies) and are usually lower in magnitude than the m-BEB model results at higher
energies. It appears that there are some other factors which are playing a role in the physical
process, which cannot be modeled very accurately within the BEB model framework using
the m-BEB model.

The most attractive part of the work is that with limited resources and without going
into details about the chemical processes involved, one can estimate the PICS of any ion
easily. The inputs required to compute these results do not create any bottleneck as these are
easily available. This is in contrast to the Jain–Khare semi-empirical model [42,43] where
differential oscillator strengths happen to be the key input quantity. This quantity is not easy
to obtain and thus limits the wider applicability of their model. The ab initio calculations of
electron-impact ionization cross sections is a difficult proposition because they couple two
continuum electrons with the ion. The CC-based approach models are intractable for both
simple and complex molecules and may also suffer from computational issues [11]. Under
such circumstances, the proposed model would be very useful in supplementing the cross
section data. The utility of this model increases manifold in case the species undergoing
ionization are very reactive, toxic or difficult to handle in laboratories for some different
reason. WF6 has both characteristics [44–46].

The EIMS data are very useful for the study of the dissociative ionization process
as they provide the correct contribution of each ion as well as the number of fragments
participating in the ionization process at a particular energy. The crux of the problem is
that once the fractional yields or the branching ratios of fragmented cations are known,
and are then multiplied by the theoretical TICS, the absolute partial cross sections can be
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obtained. This also explains the need to have a good representation of the total ionization
cross section as a function of incident energy. A better representation of TICS (in agreement
with experimental data) would provide good estimates of the PICS of the cations. The
partial ionization cross sections are dependent on intramolecular processes that follow
the stripping of an electron off of a molecule. However, in the m-BEB model, we are not
concerned with this process involved in the creation of ions. The BR can be obtained from
the cross section data or the EIMS data [20]. Using the EIMS makes the model predict the
PICS of a cation.

Basner et al. [21] reported SI, DI, and TICS. Their experimental TICS is somewhat
higher than the sum of SI and DI PICS. We have preferred to normalize the BEB TICS to
the sum of SI and DI ions. This is because the branching ratios would add over to give
unity. We could have also used their TICS data. Then, the comparison would have required
a uniform scaling of SI and DI ions to match their sum to experimental TICS. Hence, the
errors arising in present calculations can be treated as systematic only.

It is equally important to discuss the effect of the lack of core electrons in some of the
terms utilized for the Equation (1) (e.g., the orbital kinetic energy). The valence electron
when it is in the core region is difficult to ionize due to the strong attractive potential from
the nucleus, as well as the shielding by the core electrons. The ionization is more likely to
happen if the electron is away from the nucleus. At this distance, it is expected to move
slower on an average. The electrons of a heavy atom are represented by an ECP-type basis
set. As a consequence of using the ECP basis set, the valence electron is allowed much less
penetration into the core region. This is reflected in the values of valence electron kinetic
energies (an input parameter in computing TICS and PICS) obtained using relativistic ECP.
These values are significantly smaller than the non-relativistic all-electron approach. This,
in turn, leads to the larger BEB cross sections from the ECP method obtained using any
non-scalar relativistic effect approach. The fact that the inner shell orbitals are removed
using ECP has very little effect on the BEB cross section at low energies as the core orbitals
do not contribute significantly. It is only the high energy tail of the cross section which may
be underestimated.

5. Conclusions

The m-BEB model is based on the BEB model and it attempts to model the scattering of
bound electrons with unbound electrons of known energy. The PICS is determined by using
the bound state properties of the target. The general shape of the cross sections wherever
is similar to experimental results, and it helps to predict the PICS accurately. The m-BEB
model shows the best results where the fragmentation of the molecular ion is fast and the
energy barrier is small. The results may not appear attractive for lighter ions in terms of
reproducing the peaks where the indirect process may be contributing to the ionization
process. However, the proposed semi-empirical approach can provide good estimates with
reasonable accuracy and correct orders of magnitude of all ions when we consider the
fact that there is no clean ab inito theory to estimate PICS to date. The DI results show a
remarkably good trend in the cross sections. The theoretical calculations reported in this
paper are the first of their kind and are the only available work conducted on computing
PICS of cations of WF6. The computation of branching ratios in the m-BEB model can be
performed either from the experimental cross section or from EIMS data. This quantity is
actually energy-dependent, but in the computation of PICS, it is calculated at a particular
energy. This has undoubtedly simplified the calculations. Yet, by adjusting the threshold
for each ion, we have mitigated the damage from the approximation of energy-independent
branching ratios. These scattering data can be generated in an effortless manner for a
complicated molecule such as WF6. The results would help experimentalists to assess the
consistency of their experimental outcomes. This study has proved that mass spectrometry
data is an effective tool for studying the ionization phenomena.
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Abbreviations
The following abbreviations are used in this manuscript:

BEB Binary-Encounter-Bethe
m-BEB modified Binary-Encounter-Bethe
SI Singly Ionized
DI Doubly Ionized
EIMS Electron Ionization Mass Spectrometry
HF Hartree-Fock
CC Close Coupling
TICS Total Ionization Cross Sections
PICS Partial Ionization Cross Sections
eV electron volt
AE Appearance Energy
BR Branching Ratios
Da Dalton
TOF Time-of-Flight
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