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Structure-activity relationship model of insulation strength of
gas medium based on Fukui function parameters
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Abstract: The research on the correlation between the insulation strength and microscopic parameter of gas medium is
beneficial to improve the development efficiency of SF, alternative gas. In this paper, based on density functional theory, the
MO06-2X functional and def2 series basis sets were used to establish the stable structures of 73 kinds of gas molecules. The
Fukui function parameters that characterize the electron probability density difference were calculated, its correlation with
insulation strength was analyzed, and the corresponding prediction model was established. The results show that the
electrophilic index, local reduced electrophilic index minimum, local reduced nucleophilic index minimum, molecular
volume, local surface electrophilic index maximum, local surface nucleophilic minimum have strong correlation with

insulation strength. When the electron probability density in the prediction model is 0.000 05 a.u., the maximum

determination coefficient is 0.812, and the mean square error is 0.094.
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Tab.1 Insulation strength and partial polarization of 73 molecule
e W{%am - AT Wtk a, - N Wt a, -
/(x107%°m?) ™ ? /(x107'm?) ™ P /(x10%'m%) ™ ?
H, 0.8 022 023 CH,CIF — 039 048 CH,CN 4.40 0.80  0.63
0, 1.57 033 027 CF,CN — 158 1.02 CH,CHCL, 8.16 101 1.09
N, 1.74 038 039 C,F.CN — 218 1.58 F,C=CECI — 0.69 075
co 1.94 04 0.6 C,F,CN — 2.74 201 CH,=CHCF, — 0.80  0.81
Co, 2.59 035  0.75 C,H,Cl — 0.40  0.70 CF,CF=CF, 6.00 1.08  0.93
0Cs 5.09 091 05 CIO,F — 1.09  1.04 ¢-CF,, 1236 235 230
CH, 2.56 043  -0.01 c-CF, — 210 235 (CF,C), 8.50 171 172
SF, 4.48 1.00 130 SO,F, — 0.76  1.17 CF,CICF, 6.30 117 132
N,0 2.92 047 052 CF,SO,F — 155 1.40 CF, — 175 2.02
SO, 3.72 100 0.99 i-C,F,CN — 220 2.17 C[F,, — 226 187
CF, 2.89 041 0.5 NSE, — 140 1.2 BrCl, — 0.90  0.94
CF,Cl 4.65 0.53  1.07 C.F, — 1.00  1.14 CBICIF, — 152 146
CF,Cl, 6.35 101 1.37 i-C,F,COCF, — 210 2.68 SeF, 5.32 110 0.98
CCLF 8.25 172 1.86 C,F7COC,F, — 2.80  2.48 c-C,F, 8.24 127 1.59
CHEFCI, 6.39 0.99 091 CF,SCF, — 1.50  1.28 | CF,=CF-CF=CF, — 150 1.33
CHCI, 8.32 167 142 CF,CF=CECF, — 170 1.78 | c-CF,-(C,F,)-CF, — 230 219
CH,CI, 6.32 0.6 078 FS(=O)F — 144 097 | c-CF,(C,F,0)CF, — 1.60  1.55
CHF,CI 4.44 042 058 | FC(OOC(F)(F)F)(F)F — 0.85  1.46 CH,CCI, 1012 231 1.83
CH,CI 4.44 031 037 | CF,CICHFCHFCF,CI 9.83 1.00  1.87 HFO — 0.85 0.79
CH,F, 2.69 03 06l FS(=NC(F)(F)F)F — 240 174 CCLFCCIF, 10.60 230  2.00
CHF, 2.77 027 033 CISSCI — 0.40  0.70 C,F, 6.47 0.98  1.54
ccl, 1024 236 231 CF,OCF, — 100 1.20 CH,Br 5.44 044  0.19
HC#CH 3.4 042 056 PCl, 10.14 080 0.71 BCl, — 0.92  0.84
C,F, 5.5 0.78  0.90 BF, — 040 031 CCLCF, 10.60 249  2.06
CF,Br 5.65 075 101 — — — — — — — —
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Fig.5 Coefficient of correlation between atomic index and

insulation strength
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Tab.2 Comparison of prediction model gas

quantity and accuracy

A AR R
24 0.602
E.=ao+be, +c
73 0.470
30 0.810
E, = aa’s
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5 5 43 0.985
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73 0.732
E,=aD + bV{ + cVg+ dMPI + eSy,
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73 0.812
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