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STUDY OF MOLECULES RELEVANT
TO PLASMA PROCESSES

In this chapter, we examined electron interactions on plasma-relevant
molecules such asCF,0,C,F,0, C3F,0, C,F30, CsF;,0, and C¢F;,0,
among others. These molecules are known as perfluoroketone (PFK)
molecules. We present the results of elastic and inelastic (ionisation and
excitation) cross section calculations for electron scattering from
perfluoroketone (PFK) molecules, CxF,x0 (x = 1-6), over a broad energy
range, from the ionisation potential (IP) to 5 keV. As described in Chapter
2, when analysing atomic targets, we must make very few approximations

when compared to studying molecules.
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3.1 Introduction

Perfluoroketones (PFKSs), CxF,xO (x = 1-6), are a family of chemicals that include carbon-
fluorine connected as well as a ketone component (figure 3.1). PFK substances are extensively
applied in the industry, owing to their low Global Warming Potential (GWP), for instance, as
a covering medium in high-voltage gadgets and as cleaning, etching, and doping gas drivers in
plasma reactors [1,2] to substitute sulphur hexafluoride (SFy), that is frequently applied as the
gas protecting medium in multiple commercial electrical services due to its large insulating
capability [3,4]. Because of its extended lifetime (3,200 years) across a 100-year timeline, and
a high GWP figure of 23,500 in the natural environment (Fu et al., 2016; Maiss & Brenninkm,-
Jer, 1998; Wu et al., 2017), SF¢ is another notable greenhouse gas. The Kyoto Protocol
standards provide for a reduction in global warming gases, and hence SF, emissions [8]. One
of the four approaches for treating SF involves breakdown via plasma or electrical discharge,
which results in the complete elimination of SF, [9]. Gases containing PFK molecules are
regarded a good candidate for SF in this case due to their high dielectric strength and it might

be used as an insulating layer in an expensive-voltage electrical system instead.

Smaller PFK molecules, such as CF,0 and C,F,0, are also major byproducts of inductively
linked plasma processes like Ar-CFs-O2 plasmas [10]. C3F¢0's low GWP value (100) has led
to its use as a standby for SFg in the semiconductors and display sectors for dry polishing of
silica composites [11]. C,FgO is now utilized in Cherenkov devices as the plasma treatment
gas, as a detergent for chemical vapour deposition (CVD) chambers, and in high-voltage gas
insulation procedures [12,13], and has a low GWP (33% of SF,) [12].

CsF100 and C4F;,0 have also been selected as alternatives to SF, because to its significant
dielectric strength (E,), strong arcs quenching capacity, low GWP, and additional uses in
Gas Insulated Switchgear (GIS) and Gas Insulated Switchgear (GIS). C5F,,0 has a
dielectric strength double that of SF, and a GWP 1/23,900 times that of SFg [14]. Similarly,

Ce¢F1,0 has a greater dielectric strength (around 2.7 times) and a GWP that is approximately
1/23,500 that of SF,. It also has a low level of toxicity (LC50 > 100000 ppm) [15]. C¢;F,,0
with CO,, or air as the credential gas is now considered an acceptable substitute for SF, [16,17].

PFK molecules, on the other hand, can provide a viable economic and environmental

alternative to SF,.
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Electron-driven ionisation of PFK compounds in plasma reactions is a crucial mechanism that
initiates the swarm of electrons that decides whether the discharge can be sustained. The
dielectric strength of gases is calculated using Monte Carlo computations and Boltzmann
equation interpretation [18,19]. These mathematical frameworks are utilised for calculating
electron swarm variables such as the effective ionisation coefficient, drift velocity, and
diffusion coefficient. A comprehensive collection of electron scattering cross-sections needs to
be produced in order to determine the efficacy of PFKs in industrial gas discharges, GIS, GIL,

and plasma reactors.

3.2 Literature Survey Of PFK Targets

In table 3.1, we discuss all these investigations carried out. Let us review the previous
Studies of the Plasma relevant (PFK) compounds as follows:

Table 3.1 Prior research on e~ - PFK scattering processes

Target | Cross — section | Impact energy range Reference
CF,0 [2]
C,F,0 [2]

Qion IE to 1000 eV
[2]
C3F0 [20]
Qiom Qineh ZQexc IP to 5000 eV [21]
IE to 1000 eV [2]

Qion

C,Fg0 Threshold to 30 eV [12]
Qions Qinelr Y. Qexc Threshold to 5000 eV [21]
IE to 1000 eV [2]
CsF100 Qion Threshold to 400 eV [22]
Threshold to 2000 eV [23]
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Qionl Qinell ZQexc IP to 5000 eV [21]
Threshold to 400 eV [22]

Qion
C¢F1,0 Threshold to 2000 eV [24]
Qiona Qinel’ ZQexc IP to 5000 eV [21]

3.3 Properties Of Perfluoroketone Molecules

Table 3.2 shows the dielectric strengths and GWP of the compounds examined in relation to

SF,, for easy reference.

Table 3.2 Dielectric Strength (E,.) and GWP comparative to SF¢ of PFK compounds

Molecule E, GWP
SF, 1 [15] 23900 [16]
CF,0 ; ]
C,F,0 ; ]
C3F¢0 1 [25] <100 [2]
C4Fg0 1.2-1.4 [26] 8000 [12]

CsFy00 1.5-2.0 [15] <1 [15]

C¢F1,0 2.7 [15] 1 [15]

Properties of the Plasma relevant Compounds, which are used for computations, are

tabulated in table 3.3.

Page | 64



Chapter 3

Table 3.3 Target properties of PFK molecules

Molecule IP (eV) Polarizability (10%*cm-3)
CF,0 13.02 1.88
C,F,0 - 4.6
C3F40 12.051 75
C,Fg0 12.837 7.96
CsF;,0 12.016 8.83
C¢F1,0 11.408 11.44

CF,0

In figure 3.1, a schematics illustration of the Perfluoroketone compounds has been shown.

C,F,0
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C3F40 C,F50

Figure 3.1 Schematic Diagrams of PFK molecules

(https://pubchem.ncbi.nlm.nih.gov)

3.4 Electron Induced Total Cross Sections For Perfluoroketone (PFK)

Molecules

Here we have made a thorough study of the electron interaction with six essential plasma
relevant molecules such as CF,0, C,F,0, C;F;0, C,Fg0, C5F;,0 and C4F;,O0.

Present results as well as the available comparisons were divided into two groups and reported

as follows:

(A) Inelastic cross sections: In this area, graphical findings from Q;ipers Qion aNd ZQexc

have been reported. Q;,,, iOnization cross sections are determined using the CSP-ic method.
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(B) Total and elastic cross sections: This category contains graphical output from Qt and

Qel-

341 CF0
(A) Inelastic cross sections

The various cross sections, which comes under the inelastic effects, are shown in figure 3.2.
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Figure 3.2 Total CS for electron impact on CF,0

Solid: Q;on (Present); Dash: Qjuei(Present); Dash Dot: [2] Qjon (BEB); Short
Dash: [2] Qjon (DM); Dot:Present XQexc

As shown in figure 3.2, our Q;,, for e-CF,0 agrees well with the Q;,, calculated by [2]
employing the BEB approach across the upper range of energy. Our Q;,, findings, on the other
hand, grow more slowly at the threshold level and are less than the maximum BEB outcomes,
but inside the specified improbability of roughly 10% for BEB findings [27-29]. While the
current Q. results are greater than the Deutsch Maerk (DM) values of Zhong et al. [2], and
they exclude implicit ionization as in auto-ionization, etc. above the topmost value, they

coincide at energies less than 80 eV. The uppermost arc represents Q;nej(Present), which
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includes all electronic excitations and ionization, and the bottom most is £Q .., Which has no
comparison in the literature. In figure, 3.3 elastic and total cross sections are shown and there

is no comparison available for this.
(B) Total and elastic cross-sections

The various cross sections Qt and Qer, which comes under the elastic effects are shown in figure
3.3.
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Figure 3.3 Total CS for electron -CF,0 interaction

Solid: Q¢ (Present); Dashed curve: Qg (Present)

Table 3.4 lists the computed TCS values for CF,O0.

Table 3.4 Total cross-sections (A2) for CF,0 molecule.

Ei (EV) Qion Qel QT

18 0.178 | 18.802 | 20.66

20 0.38 | 18.373 | 20.969
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30 1.783 | 15.888 | 21.524
40 3.065 | 13.642 | 21.068
50 4.014 | 11.932 | 20.319
60 4.683 | 10.637 | 19.505
70 5.143 | 9.652 | 18.696
80 5.424 | 8.923 | 17.942
90 5991 | 8.357 | 17.252
100 5.683 | 7.878 | 16.628
200 5292 | 5.328 | 12.216
300 4492 | 4216 | 9.712
400 3.863 | 3.567 | 8.149
500 3.39 3.117 | 7.062
600 3.022 | 2.788 | 6.264
700 2.731 | 2527 | 5.637
800 2.49 2.316 | 5.135
900 2289 | 2.141 | 4.722
1000 2.118 | 1.994 | 4374
2000 1236 | 1.218 | 2.582
3000 0.873 | 0.903 | 1.864
4000 0.671 | 0.732 | 1.471
5000 0.542 | 0.629 | 1.232
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342 C2Fi0
(A) Inelastic Cross Section

Figure 3.4 depicts the various cross sections for C2F4O which are subject to the inelastic effects.
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Figure 3.4 Total CS for e-C,F 40 impact

Solid: Q;on(Present); Dash: Q;ne1(Present); Dash Dot: [2] Qion (BEB); Short Dash: [2]
Qion (DM); Dot: XQexc(Present)

The current Q;,, data for e-C,F,0, as shown in figure 3.4, is in exceptional correspond with
the BEB statistics across the complete energy spectrum [2]. Below 50 eV, the DM findings
of [2] are less than existing values as well as the BEB results of [2]. For the first time, Qipel
and Q.. are computed for C,F,0 in this work. Figure shows 3.5 elastic and total cross

sections with no comparison.
(B) Total and elastic cross-sections

In figure 3.5, you can see all of the different cross sections, denoted by the notations Qt and

Qe that are affected by the elastic effects.
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Figure 3.5 Total CS for e-C,F 40 interaction

Solid: Qr(Present); Dashed curve: Q¢ (Present);

Calculated values of TCS for C,F,0 are enumerated in table 3.5

Table 3.5 Total cross-sections (A2) for €,F,0 molecule.

Ei (eV) | Qion Qe Qr
18 0.509 | 35.406 | 38.78
20 0.882 | 34.831 | 39.517
30 3.061 | 30.645 | 40.69
40 4.887 | 26.447 | 39.618
50 6.205 | 23.136 | 37.967
60 7.129 | 20.582 | 36.232
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70 7.775 | 18.619 | 34.55
80 8.219 | 17.157 | 33.011
90 8.522 | 16.017 | 31.623
100 8.719 | 15.051 | 30.384
200 8.486 | 10.069 | 22.11
300 7.383 | 8.015 | 17.632
400 6.464 | 6.813 | 14.835
500 5.747 | 5971 | 12.882
600 5.178 | 5.349 | 11.442
700 4712 | 4.852 | 10.305
800 4326 | 4.450 | 9.395
900 4002 | 4.114 | 8.643
1000 3.727 | 3.831 | 8.007
2000 2229 | 2334 | 4732
3000 1598 | 1.725 | 3.415
4000 1.242 | 1.395 | 2.693
5000 1.024 | 1.197 | 2.258

3.4.3 C3FeO

(A) Inelastic Cross Section
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The numerous cross sections for CsFsO that are subject to the inelastic effects are depicted in

Figure 3.6. These cross sections include Qinel, Qion, and XQexc.

18 e'C3F60 Qinel
J —~ = Present (CSP-ic)
16 4 rd N —4— Sinha et al.
i A \ Qion
Present (CSP-ic)
14 - \ — Zhong et al. (BEB)
\ Zhong et al. (DM)
_ 12 - m- Sinha et al. (CSP-ic)
o:,: \ Szmytkowski et al.(BEB)
~—— \ ZQexc
w1 0 - Present (CSP-ic)
E N\ _q-Sinhaetal
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Figure 3.6 Total CS for electron impact on C3F¢0

Solid: Q;on(Present); Dash: Qjuer(Present); Dash Dot: [2] Q;on (BEB); Short Dash: [2]
Qion (DM); Short Dot: XQ.x(Present); -m- curve: [21] Qjon (CSP-icN); Dash Dot
Dot: [20] Q;on (BEB); -¢- curve: [21] Qine1 (CSP-icN); - - curve: [21] £Qex. (CSP-
icN);

Figure 3.6 depicts the cross-sections for scattering by electron from C;F¢0. When we compare
Qiner (top most curve) with £Q.. (bottom most curve), we see that the current data are more
substantial than Sinha et al [21], and their crests are at inferior energies. Sinha et al [21]
produced Q;,,, data that is marginally lower than the current outcomes as well as BEB statistics,
and their ultimate value arises at a less energy than all of the other findings. As Sinha et al [21]
point out; this swing may be owing to the addition of charge of nucleus for calculation that
influences the highest value and its point. Over the energy spectrum of inquiry, the current Q;,,
are in great accord with the results of BEB computations described by Zhong et al. [2]. Beyond

the peak of Q;,,, the DM findings are continuously lower than both the current and BEB
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results [2], despite exhibiting reasonable agreement up to the peak of Q;,,. In figure, 3.7 Qg

and Q- are graphically represented and there is no available comparison for this.
(B) Total and elastic cross sections

Figure 3.7 illustrates the numerous cross sections for CsFsO that are subject to the elastic

effects. These cross sections include Qe and Qr.

e-C3FgO
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= = Present Q |
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Figure 3.7 Total CS for electron C3F¢0 impact

Solid: Qr(Present); Dashed curve: Q¢ (Present);

Table 3.6 lists the calculated values of TCS for C5F¢O0.

Table 3.6 Total cross-sections (A2) for C3F¢0 molecule.

Ei (eV) Qion Qel QT
18 0.758 | 52.010 | 56.900
20 1.291 | 51.289 | 58.065
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30 4.356 | 45.402 | 59.856
40 6.904 | 39.252 | 58.168
50 8.738 | 34.340 | 55.615
60 10.023 | 30.527 | 52.959
70 10.919 | 27.586 | 50.404
80 11.537 | 25.391 | 48.080
90 11.958 | 23.677 | 45.994
100 12.232 | 22.224 | 44.14
200 11.936 | 14.810 | 32.004
300 10.406 | 11.814 | 25.552
400 9.124 | 10.059 | 21.521
500 8.125 | 8.825 | 18.702
600 7330 | 7.910 | 16.620
700 6.679 | 7.177 | 14.973
800 6.142 | 6.584 | 13.655
900 5.684 | 6.087 | 12.564
1000 5294 | 5.668 | 11.64
2000 3.184 3.45 6.882
3000 2.285 | 2.547 | 4.966
4000 1.779 | 2.058 | 3.915
5000 1464 | 1.765 | 3.284
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3.4.4 C4Fs0O

(A) Inelastic Cross Section

Figure 3.8 illustrates the multiple cross sections for C4FsO that are affected by the inelastic

effects. These cross sections are subject to the effects. These transverse sections are denoted

by the letters Qinel, Qion, and ZQexc.
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—&— Sinha et al

Qion

Present (CSP-ic)
= « Lhong et al. (BEB)
Zhong et al. (DM)
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Figure 3.8 Inelastic processes for C4,Fg0

Solid: Q;on(Present); Dash: Q;,e1(Present); Dash Dot: [2] Q;on (BEB); Short Dash: [2]
Qion (DM); Dot: ZQexc(Present) ; m [12] Qjon; -m- curve: [21] Qion (CSP-icN); -¢-
curve: [21] Qiner (CSP-icN); - «- curve: [21] £Qexc (CSP-icN);

As demonstrated in figure 3.5, a similar scenario for e-C,Fg0 is obtained for current Q;,er,

Qion, and XQeyc IN comparison to the results of Sinha et al [21]. The current Q;,, Vvalues

correlate well with calculated by Zhong et al. by means of the BEB technique [2]. Beyond the

peak of Q;,n, the current findings and BEB outcomes are once again higher to those produced

applying the DM approach, although the current evidence is consistent at low energies. The

current statistics also agrees well with the only prototype investigation, Chachereau et al. [12],
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which was only accessible for low energies (30 eV). Figure depicts 3.9 Q¢ and Qr visually,

with no accessible comparison.

(B) Total and elastic cross-sections

Figure 3.9 is an illustration of the various cross sections for C4FgO that are subject to the effects

of elastic deformation. These are denoted by the letters Qe and Q.
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e-C4FgO
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Figure 3.9 Elastic Processes for C,Fg0

Solid: Qr(Present); Dashed curve: Q¢ (Present);

Table 3.7 lists the computed TCS values for C,FgO.

Table 3.7 Total cross-sections (A2) for €,Fg0 molecule

Ei (eV) | Qion Qe Qr
18 0.625 | 68.614 | 75.02
20 1.161 | 67.747 | 76.613
30 4549 | 60.159 | 79.022
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40 7.554 | 52.057 | 76.718
50 9.799 | 45.544 | 73.263
60 11.413 | 40.472 | 69.686
70 12.573 | 36.553 | 66.258
80 13.401 | 33.625 | 63.149
90 13.985 | 31.337 | 60.365
100 14.383 | 29.397 | 57.896
200 14.436 | 19.551 | 41.898
300 12.685 | 15.613 | 33.472
400 11.149 | 13.305 | 28.207
500 9.948 | 11.679 | 24.522
600 8.98 | 10.471 | 21.798
700 8.186 | 9.502 | 19.641
800 7.528 | 8.718 | 17.915
900 6.977 8.06 | 16.485
1000 6.495 | 7.505 | 15.273
2000 3.912 | 4.566 | 9.032
3000 2.804 | 3.369 | 6.517
4000 2183 | 2.721 | 5.137
5000 1.792 | 2.333 431

3.45 CsF100

(A) Inelastic Cross Section

The numerous cross sections for CsF100 that are influenced by the inelastic effects are depicted

in Figure 3.10 for your reference. These different cross sections are affected by the effects. The

letters Qinel, Qion, and XQexc are used to indicate these transverse sections.
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Figure 3.10 Inelastic interaction processes for C5F 1,0

Solid: Q;on(Present); Dash: Qine1(Present); Dash Dot: [2] Q;on (BEB); Short Dash: [2]
Qion (DM); Short Dot: XQex(Present); Dash Dot Dot: [24] Qjon (SCPA); -A-
curve: [24] Qion (MPA); Dot: [24] Qion (NAO); Short Dash Dot: [22] Qjon (BEB); -V -
curve: [23] Qijon (DM); -e-curve: [23] Q;on (Modified DM); -m- curve: [21] Qjon (CSP-
icN); -¢- curve: [21] Qiner (CSP-icN); - - curve: [21] £Qexc (CSP-icN);

In figure 3.10, the current Qe and X£Qey for C5F;,0 are compared to Sinha et al [21], and
we see comparable behaviour as previously mentioned. Throughout the energy range, the
current Q;,, are in great accord with cross-sections calculated by Zhong et al. [2] using the
BEB technique (IP - 5000 eV). Beyond the peak of Q;,,, the DM approach results are
systematically lower than the current and BEB findings [2]. Wang et al. published Q;,,'s BEB
findings. [22] underperform the current results and the BEB outcomes of Zhong et al [2]. The
current Q;on, are in decent accordance with the findings given by Wang et al. [24] for low
energies, i.e. below Q;oy, utilising MPA (Mulliken Population Analysis) and NAO (Natural
Atomic Orbital) methodologies (peak). However, the results of Wang et al. [24] utilizing the

SCPA approach grossly underestimate all Q;,,, effects. The current findings are also consistent
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obtained by Xiong et al. [23] by means of the DM approach, but their Modified DM
outcomes [23] it seems that undervalued cross-sections. The current findings, as well as the
BEB outcomes of Zhong et al [2], overstate the statistics of Sinha et al [21], with the topmost
point of Sinha et al [21] occurring at a lower energy. Elastic processes (Q¢; and Q) are shown
in figure 3.11 with no accessible comparison data.

(B) Total and elastic cross sections

Figure 3.11 depicts Qe and Qt for CsF100, which accounts for the substance's elastic effects.
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Figure 3.11 Elastic interaction CSs for C5F1,0
Solid: Q¢ (Present); Dashed curve: Q¢ (Present);

Table 3.8 lists the calculated TCS values for C<F,,0.

Table 3.8 Total cross-sections (A2) for C5F,,0 molecule

Ei (eV) Qion Qe Qr
18 1.124 85.218 93.14
20 1.918 84.205 | 95.161
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30 6.505 | 74.916 | 98.188
40 10.348 | 64.862 | 95.268
50 13.133 | 56.748 | 90.911
60 15.111 | 50.417 | 86.413
70 16.496 | 45.52 | 82.112
80 17.464 | 41.859 | 78.218
90 18.125 | 38.997 | 74.736
100 18.574 | 36.57 | 71.652
200 18.305 | 24.292 | 51.792
300 16.042 | 19.412 | 41.392
400 14.106 | 16.551 | 34.893
500 12.591 | 14.533 | 30.342
600 11.379 | 13.032 | 26.976
700 10.388 | 11.827 | 24.309
800 9.567 | 10.852 | 22.175
900 8.863 | 10.033 | 20.406
1000 8.264 | 9.342 | 18.906
2000 5 5.682 | 11.182
3000 3595 | 4.191 | 8.068
4000 2.801 | 3.384 | 6.359
5000 2307 | 2901 | 5.336
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346 CsF120
(A) Inelastic Cross Section

Figure 3.12 depicts Qinel, Qion, and Qexc for CsF120. These cross sections take into account all

inelastic effects.
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Figure 3.12 Inelastic processes for C¢F12,0
Solid: Qjon(Present); Dash: Qjuer(Present); Short Dot: XQ..(Present) ; Dash Dot
Dot: [24] Qjon (SCPA); Short Dash: [24] Qion (MPA); Dot: [24] Qjon (NAO); Short
Dash Dot: [22] Q;on (BEB);-m- curve: [21] Qjon (CSP-icN); -¢- curve: [21] Qiner (CSP-
icN); - - curve: [21] £Qgy. (CSP-icN);

As demonstrated in figure 3.12, e- C4F,,0 exhibits close similarity to that stated before for
present Qiners Qion, aNd £Qqxc IN cOMparison to the results of Sinhaetal [21]. The current Q;op,
show rather strong agreement on outcomes offered by Wang et al. [24] applying the SCPA
approach for energies as far as the Q;,,, peak, after that the current data likely to be larger than
Wang et al. (SCPA) [24]. The current Q;,,, results are also better than those obtained by Wang
et al. [24] utilising NAO and MPA methodologies. Wang et al [22] described BEB findings
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for Q;on that are lower than our outcomes on a consistent basis. Nonetheless, the point of the
Qion (peak) is the identical for the current and Wang et al [22] BEB data. Figure 3.13 shows
Qe and Qr graphically.

(B) Total and elastic cross-sections

Figure 3.13 displays the Qe and Qt values for CsF120. This section accounts for all elastic

effects.
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Figure 3.13 Elastic processes for C¢F1,0
Solid: Qr(Present); Dashed curve: Q¢ (Present);

Table 3.9 lists the calculated TCS values for C¢F;,0.

Table 3.9 Total cross-sections (A2) for C¢F4,0 molecule.

Ei (eV) Qion Qel QT
18 1.439 | 101.822 | 111.26
20 2.444 | 100.663 | 113.709
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30 8.214 | 89.673 | 117.354

40 13.03 | 77.667 | 113.818

50 16.512 | 67.952 | 108.559

60 18.979 | 60.362 | 103.14

70 20.706 | 54.487 | 97.966

80 21.906 | 50.093 | 93.287

90 22.723 | 46.657 | 89.107

100 23.274 | 43.743 | 85.408

200 22.801 | 29.033 | 61.686

300 19.893 | 23.211 | 49.312

400 17.444 | 19.797 | 41.579

500 15.533 | 17.387 | 36.162

600 14.01 | 15.593 | 32.154

700 12.769 | 14.152 | 28.977

800 11.74 | 12.986 | 26.435

900 10.863 | 12.006 | 24.327

1000 | 10.115 | 11.179 | 22.539

2000 6.074 | 6.798 | 13.332

3000 4.354 5.013 9.619

4000 3.384 | 4.047 7.581

5000 2.782 | 3.469 6.362

Page | 84



Chapter 3

3.5 Estimated Cross Sections And Polarizability Forecast

Table 3.10 lists various target parameters as well as the expected polarizability of three
molecules, C,F,0, CsF;,0, and C4F;,0. The molecule’s number of electrons (N) determines

the dimension of the molecular cloud.

Table 3.10 Present Molecule’s properties and projected polarizability

Polarizability (10™%*cm™3)
found through
N | Target | IP (eV) Predicte ! g
Available q www.chemspider.co
m
1.88
32 CF,0 13.89 [2] | (www.ccchdb.gov.in -- 2.8
)
56 | C,F,0 | 12.84 [2] -- 4.21 4.6 (deviation 8.4 %)
80 | C3F,0 | 12.05 [2] | 5.62 [14],7.5 [21] -- 6.7
104 | C,FgO | 12.84 [2] | 7.47 [14],7.96 [21] -- 8.6
128 | CsF1,0 | 12.02 [2] 8.83 [21] 9.84 10.6 (deviation 7.1%)
152 | C¢F,0 | 11.41[30] 11.44 [21] 12.54 12.6 (deviation 0.4 %)

Figure 3.14 shows total ionization cross sections for all the target studied in this chapter. Which

gives clear idea about TICS rises as number of electron increases.

In figure 3.14, total Q;,, for all the present PFK targets are shown graphically up to 5000eV.
Figure 3.14 depicts this property by plotting the Q;,, of all compounds. The magnitudes of

these cross-sections rise with the dimension of the charge cloud for a given impact energy

Page | 85


http://www.chemspider.com/
http://www.chemspider.com/
http://www.cccbdb.gov.in/
http://www.cccbdb.gov.in/

Chapter 3

TICS (A2?)

——CF,0
— — C,F,0
- - - C3F¢0
C4Fg0
C5F (O
----CxFy20

’ . -—-

! ! L
10 100

Ej(eV)
Figure 3.14 Q;,n(Present) for e-CxF,x0 (X=1-6) collision

The SCOP formalism designates the electron impact with the molecular cloud of charge and

provides for a measureable assessment of the likelihood of numerous electron-sponsored

molecular events.

100 - - —CF0
~
A Y
‘\ - _C2F4O
80 - ' - - - C3F60
1 ‘\\ - C4F80
[
h 1 8 CsF190
°< 60 . \\
~ R === CF120
— ~
<} . .
O 40- N
LN AR
= ~ \. ‘\\
~ - ~ .
20 - Se TN
~ T e
=~ T ~~‘:'--“"~-
0 e
100 1000
E(eV)

Figure 3.15 Q. (Present) for e-CxF,x0 (X=1-6) collision
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As a result, it is reactive to cloud size via the N (number of electrons) of the target molecule.
Like figure 3.14, a similar pattern may be seen in figures 3.15 and 3.16, which depict Q.; and

Qr, correspondingly.

120 ——
” ‘\
. ——CF,0
100 - \\ — — G)F4 0
N C3Fc0
~
_ _ —- C,F,0O
80 .—. ~. *. 4Fg
N \\\ CsF10
60 - \ \ ""C6F120

Qy (4?)

Ej(eV)
Figure 3.16 Qy(Present) for e-CxF,x0 (X= 1-6) collision

Apart from the dimension of the atomic cloud, Q;,, are subtle to the ionization potential that
does not deviate significantly for these massive atoms (table 3.6). As a result, the peaks of Q;,,
have a linear relationship with N. (figure 3.17). It shows the minor difference in IPs of CF,0
and C4F,,0. Because of the slightly greater IP, the point for CF,0 is below the line, whereas

the point for C4F,,0 is above the line (table 3.6).
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25
CeF120 &

20

-
(4]
1

Qjop (Peak) (A2)

(4]
1

0 T T T T T T T T J T v T v
0 2 4 6 8 10 12 14

3
(A7)
Figure 3.17 Relationship between Q;,, (Peak) and a (polarizability)

We also found a linear association between Q;,, (peak) and o, (figure 3.17) and /Iﬁ (figure
p

3.18), as proposed by Bart et al. [31].

25

N
o
1

-
a
1

Qjon (Peak) (Az)

0 T T T T T T v T J T J T y
0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

\/(allp)

Figure 3.18 Relationship between Q,, (Peak) and ,/a/I,,

Page | 88



Chapter 3

Because of the spherical approximation and semi-empirical character of Q;,, assessment, the
blending of SCOP and CSP-ic makes it possible to compute total cross-sections for a large
number of complicated compounds using the identical methods with a modest improbability
of roughly 10%. We show the significance of different TCS calculated in this effort over e-
C3F¢0 at Ep=90 eV. (figure 3.19).

e-C3F6O
90eV

inel
ion

>2Q

exc

57% 43% 70% 30%
of Qr  of QT of Qjon  °f Qion

Figure 3.19 Relative Total CS

Whereas Q- is the top bound for electron-induced events, Q; represents 57% of Q1 and Qjpe;
represents 43% of Q. However, as Joachain [32] points out, Q¢ should be equal to Q¢ at
Ep, the tiny variation in the current situation is due to the theory's approximations. As projected,
Q;ion contributes 70% of Q;ne; and Qe contribute 30% of Qipel-

All of these applicable quantities are computed solely within the quantum environment. This
adds dependability and stability to the data and verifies the concept's resilience.

3.6 Chapter Summary

We conducted a thorough theoretical investigation of electron scattering from perfluoroketone

(PFK) molecules, CxF2xO (X = 1 — 6), spanning a large range of energy from the molecular
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ionization potential to 5 keV. The SCOP technique was used to estimate total elastic (Q,;), total
inelastic (Qine1), and total cross sections (Qt), and the CSP-ic approach was used to calculate
total ionization (Q;,n), and the summed total excitation cross sections (£Qexc). In the
supplemental data, the computed findings are shown graphically (figs. 3.2-3.13) as well as
statistically. We discovered that the estimated Q;,, agrees well with the published BEB
statistics [2,33] and frequently with the SCPA data of Wang et al. [24], but while the DM
results [2] are prone to correspond well with energies of 70 - 80 eV for CxF2xO (X = 1 —4),

these cross sections are generally smaller than the findings we have acquired.

We discovered that the total number of electrons, N, correlates with the dimension of the
molecular cloud and that the TCSs grow with the amount of target’s electron (figure 3.14-3.16).
We investigated the sensitivity of Q;,, to the ionization potential, IP, and discovered a linear
relationship between Q;,, (peak) and N in the lack of significant unorthodoxy in IP for these
compounds (figure 3.17). We additionally, found a linear relationship among Q;,, (peak) and
IP and o (figure 3.17-3.18), as expected by Bart et al [31]. We projected the dipole
polarizability of CxF2xO (x = 2, 5, 6) using these correlation analyses and discovered that our
estimated polarizabilities are in great accordance with those figured using the internet freeware

www.chemspider.com.

This is the debut study to report £Qey. and Q;,e; for CF,0 and C,F,0, as well as Q¢ and Qt
for all of these vital ecological and plasma pertinent compounds, whose exceptionally truncated
global warming potential (GWP) and increased dielectric strength make them appealing
prospects for industrial usage. We hope that this effort will inspire other theorists and

experimentalists to do similar research.
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