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Theoretical Study on the Mechanism of the Reaction of CF;0, with NO

CF;0, HHEF NO R EHIZEHIEIEHR

o OE K FRT
(RITE KL S BPRRRE22B, HAB 610066)

HE  FHBEZ RIS OFDN B3LYP 5%, 2 HI7E 6-31G .6-311G .6-311+G(d)FE4H K ¥ EHFSE T CE0, A i
JEA NO S ALEE. W55 45 588, CF0, A LR NO S BAFFE = 2 Al A7 HY RS E, Db 82 1 A R 4 A
AT S, MIEILRER, il CH0,+NO—IM1—TS1—IM2—TS2—CF,0+0ONO HELAERAL, 1L 70.86 kI -
mol~, J& F B I N E i, FE YR CFO0 fil NO,. il CH,0,4NO—IM1—-TS3—CF,0NO, fil CH;0,+NO—
TS4—IM3—TS5—IM4—TS6—CF,0+NOO AYTE AL AEA T, FlriZe S X LA#EAT.
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Abstract Density Function Theory (DFT) B3LYP method was employed to study the mechanism of the reaction of
CF,0; radical and NO with the 6-31G.6-311G.6-311+G(d) basis sets. The study results indicate that there are three
reaction pathways in this reaction. The main reaction pathway is CF;0,+NO—IM1—TS1—IM2—TS2—CF,0+NO,,
the corresponding activation energy is 70.86 kJ -mol~". The other reaction pathways are CF,0,+NO—IM1—TS3—
CF,;ONO, and CF;0,+NO—TS4—IM3—TS5—IM4—TS6—CF;0+NOO, the corresponding activation energies are
258.71 kJ -mol™ and 278.60 kJ -mol~,and these reaction pathways are difficult to carry out. The results show that the
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main products are CF;O and NO,, which is in agreement with the results in literatures.
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Table 1 Charges of atoms of various compounds in the reactions(Q / e)

o(ChH 0(02) 0(03) O(N4) Q(05) O(F6) OF7) O(F8)
M1 2.2315 —0.4989 -0.2057 0.6346 -0.3675 -0.5863 -0.5836 -0.5812
TS1 2.2514 -0.5313 —0.1842 0.6104 -0.3655 -0.5751 -0.5818 -0.5827
M2 2.2370 -0.5095 -0.1960 0.6288 -0.3622 -0.5779 -0.5841 -0.5804
TS2 2.2214 -0.7652 -0.1322 0.7276 —0.2472 -0.5873 -0.5833 -0.5812
TS3 2.2310 -0.5798 -0.3114 0.6950 -0.2753 -0.5337 -0.5835 -0.5866
TS4 22378 -0.5731 -0.2991 0.7159 -0.2764 —0.5864 -0.5874 -0.5876
M3 22148 -0.5075 -0.2723 0.6675 —0.2872 —0.5846 -0.5868 -0.5822
TS5 2.2220 -0.6927 -0.2025 0.6544 -0.2324 —0.5591 -0.5816 -0.5781
M4 2.2248 -0.8143 -0.1008 0.6268 -0.1660 -0.5675 —0.5896 -0.5861
TS6 2.2333 -0.8262 -0.1512 0.7072 -0.1755 —0.5560 —0.5906 -0.5922

fAIAEHY . R 30 20 M B4 485 1 R0 P S5 52 g A1 4 (TRC)
T R AR A A ) LSRR T T AL AR
F RS Af Y BE (5 B, 78 QCISD(T)/6-311+G(d)//
B3LYP/6-311+G(d)/K¥ T8 T 45 3% A5 0 5 05 RE,
AT T E SRR IE. 2 A I G I RE R R T
A0 25 B AFGT B 2 A% T A o TR TS AL RE. T
A3 K A Gaussian 98 #2758 .
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2 ZFR5HR
CF,0, [ H 21 NO 1 5B, 38 5 = A~ 1 i

TERSFN =FP= 8, 533N
(D R(CH;0,+NO)—IM1—TS1—IM2—TS2—
P1(CF,0+ONO)
(II) R(CH,0,4+NO)—IM1—TS3—P2(CE,0NO,)
(1) R(CH,0,4NO)—TS4—IM3 —TS5—IM4—
TS6—P3(CF,0+NOO)

F1 50T AP AR R S A R A
% BE. R 2 9 T % B sk Be ) B3LYP J
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Table 2 Energies(E) and relative energies(E.) of various species in the reactions
E(a.u.) Ew
Species
6-31G 6-311G 6-311+G(d) QCISD(T) kJ-mol™
CF;0,+NO -617.608550 -617.806675 -618.002033 -616.736147 0.0
M1 -617.642005 -617.839223 -618.037447 -616.776560 -106.06
TS1 -617.630093 -617.827531 -618.022521 -616.761539 -66.64
M2 -617.645076 -617.842095 -618.039156 -616.778500 -111.16
TS2 -617.622373 -617.821081 -618.024859 -616.751504 -40.30
CF,0,+NO, -617.628611 -617.826257 -618.028414 -616.754473 -48.10
TS3 -617.547085 -617.745072 -617.941806 -616.677982 152.65
CF;0ONO; -617.672878 -617.869968 -618.077791 -616.813055 —201.84
TS4 -617.585768 -617.784696 -617.979163 -616.700233 94.26
M3 -617.595863 —617.794632 -617.989793 -616.710152 68.22
TS5 -617.465901 -617.667139 -617.846028 -616.593218 346.82
M4 -617.485949 -617.687304 -617.870495 -616.608695 334.50
TS6 -617.458930 -617.659539 -617.842894 -616.607236 338.33
CF;0+NOO -617.512845 -617.712680 -617.895140 -616.612927 323.39
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Fig.1 Optimized geometry configurations of various compounds in the reaction

bond length in nm, bond angle in degree
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Fig.2 Optimized geometry configurations of various compounds in the reaction

bond length in nm, bond angle in degree



No.2 AR A CF,0, [ LA NO SR HLI ) BB 159

TS5
o VTR
300.0 —

P3(CF,0+NOO)

200.0

! TS3

T

—
w2
=

100.0

[

E_/ (kI . mol ™)

“TS2
<1000 MEL--tTTT M2 PI(CF,04NO,)

=200.0 -

Pz(EENOZ)
3 CF;0,+NO R BERREE

Fig.3 Schematic map of energy levels in the
CF;0,+NO reaction
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