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Effect of micro-water on generation rate of
C,F,N gas decomposition products
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Abstract: In order to explore the generation mechanism of perfluoroisobutyronitrile (C,F,N) gas decomposition products
under the presence of micro-water, the decomposition process of C,F,N gas and the recombination process after
decomposition were investigated when micro-water participated in the reaction. On the basis of density functional theory
and transition state theory, the thermodynamic parameters of C,F,N gas under micro-water participation reaction conditions,
as well as the generation paths and generation rates of some characteristic products, were calculated. The results show that
when micro-water participates in the reaction, the activation energy required for the decomposition of C,F,N gas is lower
than that required for the decomposition of dry C,F,N gas. The presence of micro-water makes the C,F,N decompose easier.
The reaction rate constant of CHF, gas is relatively high in the decomposition products of C,F,N gas, and its chemical

properties are stable and detectable, which can be used as a characteristic product of C,F.N gas decomposition under the
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presence of micro-water.
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Fig.1 Calculation process of quantum chemistry
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Fig.2 Schematic diagram of molecular

bond breaking positions
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Table 1 Reaction process and energy changes(298.15 K)
e 5 R HHiRE  TEfLEE
/(kJ/mol)  /(kJ/mol)
Al C,F,N—(CF,),CCN+F- 328.19 —
A2 C,F,N+H-—(CF,),CCN-+HF -183.79  97.93
A3 C,F,N+H-—(CF,),CHCN+F - -21.00 126.04
Bl C,F,N—CF,CFCN-+CF,- 228.42 —
B2 CFN+H—CF,CFCN-+CF,H ~ -178.53  149.65
B3 C,F,N+H-—CF,CFHCN+CF,-  -11290  139.15
B4  C,F,N+HO-—CF,CFCN-+CF,0H -17328  131.28
Cl C,F,N—(CF,),CF-+CN- 383.32 —
C2 C,F,N+H-—C,HF +CN- -525  133.90
c3 C,F,N+H-—C,F,-+HCN -196.91  217.92
C4 C,F,N+HO-—C,F,OH+CN - 28.88 23892
D1 C,F,N—CF,CF,CFCN-+F - 438.72 —
D2  C,JF,N+H-—CF,CF,HCFCN+F- 5330 244.17
D3 CFN+H-—CE,CE,CECN-+HF  -7325  123.40
El C,F,N—CF,CF,CFCN-+F - 441.08 —
E2  C,F,N+H-—CF,CF,HCFCN+F- 5409  249.42
E3 C,F.N+H-—CF,CF,CFCN-+HF ~ -71.15  127.34
Fl C,F.N—CF,CF,CECN+F - 438.98 —
F2 C,F,N+H-—CF,CF,HCFCN+F - 49.62  240.32
F3 C,F,N+H-—CF,CF,CFCN+HF ~ -72.99  126.02

A E 545 1 AT 40, CF,N 20 1 ] 25 43 il i 45
A1.B1.C1.DI A TS MM AlFB1 7 fi#
FRAZ I E B ABERIXT /N, C1 2 iR R AR 1 B B BEFE X
BOK S DR A A0 5 B 2% 41 T CN - H B 2R A X CFs -
MF-HHIEAG . AN CN-  CF,- 42 5
CF,CN S A& #H % B CF,- Al F- 42 il 1) CF, S Ak & &
FEA , 17 B AN CN - 45 & A2 B CNCN =) BEARS 5
FEAE BIVAE [R) R 26 A S T MR CLF N UM 3 fife
W) B M B B A CF, . CF,CN .CNCN, 5 ik
(1] 50 45 AR o

fEH-FMHO HH%Z 5T, CF NS
T2 o BAETE I JEAS (5 BT 75 195 A6 B 3K T 1 44
C,F N/l 5 e &, H 3545 0 A B R e B AR 7
SOk R R A S B A R TR R 4 fife T R 1
=TT A E R R A T AR, TTAE 15 43 i
N B 2% Gy kAT o IR L ORI BE T CLF N SR 4



42

A2 R

2025,58(2)

400

300

200

100

[ 1 g 22/(kJ/mol)

-100

-200

200

100

H Hh B £2/(kl/mol)
[=}

-100

-200

4001

3001

H B 22/(kJ/mol)

-100f

-2001

500

400

300

200

100

H H1BE/(kJ/mol)

-100

-200

Fig.3

2001

100

”*4 9
/’ 29 9
o : /+J/’,,'—:\\ N
‘3&3’// 2 s 34
27 3 N 9
R
\\
\ °
L \
AN ’%%3‘
VA2
(a) A &4
/
2, ;‘,' Bl % 2
P, Pl
// —_—
/7 \ \ @
// P q: \ ,&ﬁ)
2 2
%% N
gige 08 T N
9 9 4 Ny
Wy
A Y
;,i‘
LN ,J\“’J
° [ T,
@ 99 VO
(«:‘aj"s‘\ B3
v B4
- =
N, B
2 a;”
(b) B &4
1
° 3 Cl
L 28 AN

AY “
v 2333,
\ 275
s
’% 3 C3
(c) C &4
~ D1
220 )7
I Y,
2
I 2 yﬁ
// 9 jf

i 2 *:’,d D2
D3

3,
- b2

(d) D R4
B3 REEEREELH(298.15K)
Reaction process and energy changes (298.15K)

fR it 2 . BEE UK SR, RA S AP H
HO- [ & BRI £, CFN SR 5 il 20 BL
Frsn, WS 5 i = A E S MUK G 'R IE
FHR K R

WK A %A R, AL B1.C1.D1.E1.F1 X ¥
#Ae A F- \CF,- .CN-.F- .F-.CF,CF,CFCN- [

HT 5 I 5 2 10 e/

o =

He B2

I3 i TE WK S AR

0.38.0.61.0.35.0.56.0.57 #10.55 . W LU i, &
E AR AETE UK I, C1 B AR IR J B Rl o B M1 A
& T et 1 CN & A 23 it 0 A ko

3 WKBFEETCFENSEBEHE=4%E K
vk
CF N SARTE S S5 S5 A1 7 ] B3 fife A i 2

FivE e 2 HLAr S B FE R %, CF N SR il I

F %P4 CF,- .CF,CNCF - .F- .CN- (CF,),CF- Ll }

(CF,),CNC- 55 H H A", 5y 1 3k — B F K A2 7

AT CFN AU 70 i 4 12, % CF,N UK 77 i

PR E R AT A TR B R AT R

AR S H TR RFIE P I 4% . CF N A4k

TE W 260 R o0 = A2 1) B B 2 50K o 7o il e

ATH- A HO- B % 5 AHH A, ol BLAE B HF

HCN.CHF, PL J C,HF, %9, 4 N EE S Hou &

R 7= ) 1R 2B R 4% R 45 H PR (298,15 KD, R 2 44

T & H oo R RRAE ) ) AR RS AR A RE R AR AL

(298.15K).

299

¥
‘3 29
C,FN

=

Fd
9
R
(CF;),CF- CN-
S o
(S
iy Y
CF,CNCF- CFy
)
*3

. 229

CF.CFCNCF, »

NI

(CF,),CNC-

0 4o v0e i

HF  CHF; HCN  (CF;),CHCN

29 9 9
#3380 o3iee 2324

! CHF, CF,CHFCN CF:CHF,CFCN

p ¢ 9 %J
g’ 2990 “i' S
9 (CF,),CHOCN
HOF CHOF, HOCN
24 3 a: 2
%905 *e9-3% 295,

2,
° ° CF,CHOF,CFCN
(CF;),CHOF CF,CHOFCN

El4 FEEHRTERFHESMERRERERE
Fig.4 Generation pathways and structural diagrams of main
characteristic products containing H element

HIZ& 2 W] LA Y, fE AN s 26 1 1, CF N R
PRy P A 1) B 2R S UK P A B H - FTHO -
B AT B G OB, A A H IR RHIE - M L
FERETIAE , XKW H - M HO - B Hi & f777E 7T A



BEEHLEE TR CF N A 7y A 1) AL s 2 ) 5

43

R2 AHAEFHESMNRFEEEREETH(298.15K)
Tab.2 Reaction process and energy change of characteristic

products containing H element (298.15 K)

It 5 SN %A% H i fig/(kJ/mol)
RI F-+H-—HF -505.39
R2 HO-+ F-—HOF -161.31
R3 CF,-+ H-—CHF, -403.68
R4 CF,"+ HO-—CHOF, -400.23
RS CN-+H—HCN -488.00
R6 CN-+ HO-—HOCN -446.32
R7 (CF,),CF-+ H-—C,HF, -383.28
RS (CF,),CE-+ HO-—(CF,),CHOF -346.19
R9 (CF,),CNC+ H-—(CF,),CHCN -342.25

R10 (CF,),CNC+ HO-—(CF,),CHOCN -262.00
R11 CF,CFCNCF,+ H-—CF,CHF,CFCN -508.51

R12  CF,CFCNCF,+ HO-—CF,CHOF,CFCN -505.31

R13 CF,CNCF-+ H-—CF,CHFCN -336.24

R14 (CF,),CNC-+ HO-—(CF,),CHOCN -261.99
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containing H element with temperature
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Table 3 Reaction rate constants k of each reaction pathway

under different temperature

L-mol"s?!
s 300 K 1500 K 3000 K
R1 1.439x10' 6.543%x10% 6.504x10%
R2 1.753x10% 3.260%x10' 4.388x10"
R3 9.310x10% 9.307x10% 6.008x10'
R4 6.799x10% 1.518x10% 1.757x10'°
R5 1.460%10'""! 3.051x10% 2.722x10'®
R6 7.213x10% 1.475%x10% 2.323x10"
R7 4.177x10% 9.619x10% 2.330x10"
RS 1.846x107 6.415x10% 5.167x10"
R9 1.835x10™ 1.476x10% 1.017x10'°
R10 2.654x10% 3.972x10" 5.300x10"
RI11 3.250x10% 1.817x10% 2.718x10'
R12 8.311x10” 6.143x10% 1.507x10"
RI3 8.028x10™ 3.816x10% 3.149x10"
R14 1.608x10¢7 1.448x10" 6.422x10"
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