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Fig. 1. Schematic diagram of dividing the inner and outer of
the R-matrix method.
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Fig. 3. Calculation results of SFg: (a) Elastic collision cross-section; (b) eigenphases diagrams.
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Fig. 4. Calculation results of CF,Cly: (a) Elastic collision cross-section; (b) eigenphases diagrams.
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Fig. 5. Calculation results of i-C3F;CN: (a) Elastic collision cross-section; (b) eigenphases diagrams.
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# 1 0—1.0 eV EH i-C3F,CN YR A
Table 1. Collision cross-section of i-C3F;CN in the
range of 0-1.0 eV.
ey SRR ey FHERIT)

0.01 658.58 0.40 71.53
0.03 227.43 0.45 64.89
0.05 143.86 0.50 62.12
0.07 106.45 0.55 59.14
0.09 88.12 0.60 57.83
0.10 84.86 0.65 55.08
0.12 95.24 0.70 52.86
0.15 230.07 0.75 52.25
0.16 262.53 0.80 51.21
0.17 241.62 0.85 49.85
0.19 179.53 0.90 49.37
0.21 135.73 0.95 48.59
0.23 115.26 1.00 47.95
0.25 105.81 1.05 47.36
0.27 94.79 1.10 49.97
0.30 90.09 1.14 83.43
0.35 79.55 1.15 71.23
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Fig. 6. Calculation results of F-substituted molecules: (a) Ela-

stic collision cross-section; (b) eigenphases diagrams.
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Fig. 7. Calculation results of carbon chain extended molecules: (a) Elastic collision cross-section; (b) eigenphases diagrams.

@ o e 820 (b) & —— 3 s |
H 8 e i 1“:"‘2‘“{‘“ 80
~ i1 280 \ ! $ |7 .
2 B Lo 152 0 I
L <240 g > ! 4 ! g
] 1oE ozl N\ R .
< i 200 7 I ] S | | 3
= | = Bl W 2. ! =
i n — 2) -, ‘l' —
= S B NR e
oy 3 120 & B4 ] /- \ & ! =
’ H : S5 = i o ol ed & | =
< - so B % sl "2 R e e
e g i ‘ -
1) 1440 2 N
0.1 i i i i ilg 1 j j j j 10
0.5 1.0 1.5 2.0 2.5 0.4 0.8 1.2 1.6 2.0
MRS B AEFs 50 e
(c)
st o ® 300
® 1250 &
5 sl \\ ° 250 2
L \ n 3
i ' -7 ]200 2
fuiz] ‘\ i ° ,’/ C‘D
o4t ' ; -7 150 <
_1% \ ° L7 8] ~
b % .° - ® 1100 i
2+ o . - =
S - ,46° s =
®ee .- ".\ - 50
9._,—4’ % - .
ok, ¢ L % T,
0.5 1.0 1.5 2.0
PO TS
B8 TR S8R 2 20 B AL B 3 T () FIRAR; (b) SEBREE; (c) 24 Fh 4> FHUMAE

Fig. 8. Trend of cross-section characteristic parameters with insulation strength: (a) F-substituted molecules; (b) carbon chain ex-

tended molecules; (¢) 24 molecular scatter plots.

{85 A SCHR 0 55 3 SRS T H AR 1Y 34 ik 22
(mean squared error, MSE) 4 0.181, iRZE5V)N, 1
HIfH SEP A RE SN AR 7 F AL IR fg
SRR T, PO SC O A T e A A
K 8(a) Aty FouRIAGE R, BEE F IR
MIHE 22, I35 AR 2 2 0 B8 BB/, eI IRZS
] B RE S AL RS B, [) AP I 48 T 0 P 0/ )
g 8(b) iR, HAEERK kAL S F BT

TR, BBk, 3 AE X e 0 B b vy, AR
YR A AR RIS, A R . A 8(c) PR,
T SR B A SR AR LR A Bl A, SR AR
THEAE 5 o3 A e i BE AT 0BT AN, 7 F 3
% 3 4 25 HE BT 55 AH G 48 2 i A ] 2 B 67 R OC,
Person AHICH: R %L P8 A —0.54; FePRIg et i i 7%
WG {55 A X5 26 2 i 3 (] 52 B0 1E 4 5€, Person AH ¢
PERECH 0.78. SRS F I 2 25 B ey, e it

243402-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 32 2 3R Acta Phys. Sin. Vol. 73, No. 24 (2024)

243402

* 2 T RAFFTER T REERII SRS 20 T A 4 0 R

Table 2. Characteristic parameters of molecular cross-sections based on R-matrix method and relative insulating strength.
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R-matrix theory based calculation of elastic cross-sections of
gas molecules and analysis of its correlation
with insulation strength’

Zhang Xing-Yi  Yang Shuai’ Shang Shu-Xiang
Wu Shao-Bo  Wang Hang  Xiao Ji-Xiong

(Hubei Engineering Research Center for Safety Monitoring of New Energy and Power Grid Equipment,

Hubei University of Technology, Wuhan 430068, China)
( Received 26 September 2024; revised manuscript received 11 November 2024 )

Abstract

The elastic collision cross-section is a key parameter in the study of inter-particle interactions, and it helps
to reveal the microscopic mechanism of gas insulation. For this reason, based on the R-matrix theory, the
elastic collision cross-sections of 24 gas molecules at 0-15 eV are calculated , and cross-section characteristic
parameters of the lowest resonance state energy and its peak are extracted. Then the calculated and
experimental values of SFg, CF,Cly, and i-C3F;CN cross-sections are compared, and the low-energy cross-section
data of i-C3F;CN at 0-1 eV are given. Furthermore the effects of Cl-substitution and carbon chain length on
the cross-section parameters are analysed. Finally the correlation between cross-section characteristic
parameters and insulation strength is investigated. The results show that the lowest shape resonance state
energy for each molecule is in better agreement with the existing data within a mean square error of 0.181. For
the F-substitution, the resonance energy gradually increases but the peak value gradually decreases, which the
carbon chain extension is the opposite to: the resonance state energy gradually decreases but the peak value
gradually increases. The lowest resonance energy and peak value are strongly related to the insulation strength.
The lower its lowest resonance energy and the larger the corresponding peak value, the higher the molecular
insulation strength is. The relevant data can theoretically supplement existing experimental data. This study
provides low energy cross-section properties of various insulating gas molecules, which can be useful for
qualitatively evaluating the insulating properties of gas molecules and quickly screening SFy alternative gases.
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