%58 2. 66-75
202542 H 20 H

M EL

Insulating Materials

Vol.58, No.2: 66-75
Feb 20, 2025

DOI:10.16790/j.cnki.1009-9239.im.2025.02.010

FESHES:TM213

0 5|5

CF,SO.F 55 Al(111)FREHEE M X E 7 #4F EE 1

R, e, H b, AR AT

(1. BEMAZEFFI B ARG EZEHSAE, REE FfEs 010020;
2. RXKF A5 AFLFER, Hk KL 430072)

W OE LT E 2 RIS CF,SO,F SR 4 F 78 AL(1T1)ZR 1 R W B A & A WLEE . 3l 155 CF,SO,F S 4k
I3 FAE ALLL) R TH PR PR RE  FELART 55 8% | 22 43 FELAT 58 BE | P77 08 S0 BR A0 CEIL ) RIS 6 P S5 0000 , o — 8 2 A R A 25 1
AT ERR AT . 33— 2P 85T CF,SO,F SR 1 4 i B AR FRAS TH BB, 1 57 CF,SO,F SR TEA A 4 il B 42 R 10 H HH e
B I S 4 T 45 B CF,SOLF AU E B M 0 i =4 . 25 538 B : CF,SO,F AUMARTE IEH L T 5 Al(111)RTHA R AT
(R AH 251, A0 ELAE T 2 I 4 B B, CF,SO,F S 1) LB 43 RS 7= ) 32 B0 4E CF, F1 SO,0 HIF 78 45 B W] S pPAly 7 B
IR 42 A CF,SO,F S - [ AH 7 1 M A e MR (R HE 0 5 %

KSR : CF,SO,F Uk AI(11)ZR T 5 % B2 bR B R B« 20 iR 1

Study on compatibility between CF,SO,F gas and Al(111) surface and its
decomposition characteristics
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Abstract: The adsorption of CF,SO,F gas on the surface of Al(111) and its decomposition mechanism were studied based on
density functional theory. The adsorption energy, charge transfer, differential charge density, electron localization function
(ELF), and state density of CF,SO,F gas on the surface of Al(111) were calculated, and the compatibility between CF,SO,F
gas and Al(111) surface was analyzed theoretically. Further, a theoretical calculation model of the decomposition path of
CF,SO,F gas was established to calculate the free energy of CF,SO,F gas under different decomposition paths, and the main
decomposition products of CF,SO,F gas were obtained through transition state analysis. The results show that CF,SO,F gas
has good compatibility with Al(111) surface under normal operating conditions, and their interaction is physical adsorption.
The typical decomposition gas products of CF,SO,F gas mainly include CF, and SO,. The research results can provide
theoretical reference for evaluating the gas-solid compatibility and stability of the new environmentally friendly insulating
gas CF,SO,F.
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Fig.3 CF,SO,F molecular model

#z2 CFSOFHTFHMEH
Table 2 Structure parameters of CF;SO,F molecule

fegt BER/A | R BERC) | R BRI0)
C1-S1  1.884 | FI-CI-F2  110.062 | O1-S1-F4  107.626
CI-F1 1342 | FI-CI-F3  109.941 | 02-S1-F4 107.626
CI1-F2 1342 | F2-CI1-F3  109.941 | O1-S1-C1  108.568
CI-F3 1346 | FI-CI1-S1  109.773 | 02-S1-C1  108.568
S1-01 1439 | F2-C1-S1  109.773 | F4-S1-C1  95.704
S1-02 1439 | F3-C1-S1  107.308

SI-F4  1.617 | O1-S1-02  124.838
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Fig.4 HUMO.LUMO wave function distribution of
CF,SO,F molecule
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Fig.5 Initial adsorption configurations of
CF,SO,F molecule on Al(111) surface
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Table 3 Deformation of CF,SO,F molecule in three

adsorption configurations

W B A4 Y o2 /A A"
S-F 1.617 —
F-TOP
C-S-F — 95.458
s-0 1.441 —
O-TOP
C-$-0 — 108.860
s-01 1.439 —
$-02 1.442 —
S-F 1.617 —
SO,F-TOP
C-s-01 — 108.968
C-$-02 — 108.124
C-S-F — 95.460

W B AR R P B B AE 1 LAYE A4 o, B
A EAE 551 CFN S AR5 A1) 3 TH 19 A1 B /E
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Table 4 Adsorption energy of CF,SO,F on Al(111) surface
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Table 5 Charge transfer quanlity of CF,SO,F molecule
adsorbed on Al(111) surface
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Fig.7 Electron localization functions of CF,SO,F molecule

adsorption models on Al(111) surface
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Fig.9 The DOS and PDOS analysis of CF,SO,F adsorbed on
Al(111) surface
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Fig.10 CF,SO,F molecule bond order
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Table 6 Decomposition reaction path and

free energy of CF,SO,F
I R AT S H i€/ (kcal/mol)
Pl CF,SO,F—CF,+SO,F 68.58
P2 CF,SO,F—CF,S0,+F- 81.37
P3 CF,SO,F—CF,SOF-+0- 92.77
P4 CF,SO,F—CF,SO,F-+F - 126.65
P5 CF,SO,F—CF,+S0, -26.11
P6 SO,F-—S0,+F -0.15
P7 CF,+F-—CF, -0.05

S5 HRBNPE B BAE B . FET S I
LA A AT IR B 3 M ik S R B E 2 T
WAFHSHL MR TR

&7 CESOFNMBREFEEDFHANFESY
Table 7 Thermodynamic parameters of major molecules in

the decomposition reaction of CF,SO,F

e E, G,(298.15K) E (298.15K)
/(kcal/mol) /(kcal/mol) /(kcal/mol)

CF,SO,F —-648 168.954 -3.763 648 172.717
CF,SO,+F- —648 084.157 -7.189 —-648 091.346
CF,+SO,F- —648 094.204 -9.928 -648 104.132
CF,SO,F-+F-  -648 035.705 -10.365 -648 046.070
CF,SOF-+0-  -648 070.363 -9.587 -648 079.950
CF,+S0, —-648 191.445 -7.371 —-648 198.822

2CF,S0,- -1 164 088.758 -6.528 -1 164 095.286

CFS,0, -1164 126.892 3.012 -1 164 123.880
SO,F- -424 387.597 -10.503 -424 398.100
SO,+F- -424 387.735 -10.519 —424 398.254
CF,+F- -289 874.855 -6.706 —289 881.561
CF, -289 874.894 -6.716 -289 881.610
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Fig.11 Transition state analysis of P5 path

Xof ik A 25 K AT 3R B 4 A, 45 B 4R ) CF,
SO, T A e g sRUMARBIAIZ TR : -475.01.59.07
94.29. 158.85. 246.10. 266.44. 284.59. 344.14.
456.08. 533.62. 548.39. 559.88. 669.08. 921.64.
1160.63.1291.04.1 353.14.1 384.32 cm™. M % ¥
ORI LLE TS 4 MR SR A HAA 1A i
(-475.01 em™) , WE WA HIE R IS ESAFLE

X N R AT 4R s AR A P 12 ) TS TR AL TR
TS1 A4 B v F4-S1 5 75 A 4 4k 2 I A b 2L ik 3%



74 A2 R

2025,58(2)

\

\F3

E12 TS1#REhtaE
Fig.12 TSI vibration configuration

H H F4 57 #am C1E T, X i kg 2L 2 CF,SO,F—
CF,+S0, J b7 H e = 5 s I P A T 0

BT RN AR R B S T T
Ps e mI e AL, 5 R E 13 s B 13 7]
M1, 7E CF,SO,F 43 fi#t A CF, A1 SO, {1 it f2 o , th T 7%
1E R BB IS P A, RO I 2 R R BRI 61.55
keal/mol [ B8 & 35 22, t b ] LL&E & Bl e Jé 12 e
L, ER S b Al 5 H %0 B CF,SO,F 11 43 fift i B £
N 350°C , X 5 S = IR I R R R 06 4 SR A 1
SCHR[1973 3 CF,SO,F S TE B 5 50 25 1 19 43
FRRE I 0 e B, S A R ) B CF, 1 SO, %%
A TREUE B T A ST 5 1 I 2 R T S

100

80 § c{
=z oor GEC
£ sf / \
< 20t H / \
1 /) |
2 of —0— 5
20F \\
26.11
40k
SRR

E13 PSHMBENEEEN
Fig.13  Energy change of P5 decomposition path
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