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ADb initio Molecular Dynamics Investigation on the Production
Channels for the Reaction of O~ with CH;F

WU Li-Xia YU Feng LIU Jing DAI Jing-Hua ZHOU Xiao-Guo” LIU Shi-Lin
(Hefei National Laboratory for Physical Sciences at the Microscale, Department of Chemical Physics,
University of Science and Technology of China, Hefei 230026, P. R. China)

Abstract;: H-atom abstraction and H,O production channels for the reaction of O~ with CH,F were reinvestigated
using the ab initio molecular dynamics method at the B3LYP/6-31+G(d,p) level of theory and based on the Born-
Oppenheimer approximation. The reactive trajectories were initiated at the transition state of H-atom abstraction.
Thermal sampling at 300 K was chosen to determine the initial conditions. Additionally, the energies added to the
transition vector of the barrier were restricted to 2.1, 36.8, and 62.8 kJ -mol~, separately, to reveal the impact of
different initial collision energies on the reaction pathways. The results of all the trajectory calculations demonstrate
that the H-atom abstraction channel is the dominant production channel. Therefore, our calculations are consistent with
previous experimental conclusions. Furthermore, the dynamic reaction pathways for H-atom abstraction and the H,O
production channels on the exit-channel potential energy surface are described based on our calculations and thus a
comprehensive reaction mechanism is revealed at the microscopic level.

Key Words: Ab initio molecular dynamics; Atomic oxygen radical anion; Methyl fluoride; Reaction
mechanism; Transition state
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PRI A A 2 FR T S A N B 00 T B AN [
T3 AR, L e T 1Y) R 3R T RS A I B A8 A 5
BT 5% Ao i HP 3 A 1 S P R e L A
16 O~ CH,F Wy B b ask i ol vl 68 & A 90 A= 7= )
OH™Yj CH,F [ 0L, #ETi 20 OH-F1 F-iX /i i1 25
TFrEI sy S H.

i F i S B A AR 45 B T R oA
DAL b B S 9 A 2 o 3 i S SR JE T I sk S A BR AR £
SHAS EER R IR . AT, R A
PRSI BE A% R P8 5 S W ML B AL 42 1T (15 L,
[Fi] F -t B 8 A 2 S 36 L0 45 SR 1 & B L S, T
J 2% SN 1 3B B Y S AR 6 T 4 7 H s AT 3L
NG LS 5 SR~ o (B 5 5 W 2 A - 5
Yamamoto 515 R % B 72 pR BELIE (DFT) 15
T 05 CH,F [ iy 4 S R TH AL, 12X 14 1) 1] 55
BRI 8 55 7= A LB A X ik A s v AT
FEAERUNTT = A4 iA:

O +CH,F—F+CH;0 (W5 F =B (SK2) 5 )
—OH+CH,F (i &5 )i)
—H,0+CHF (£ i, H,O JZ i)

Yamamoto 2§43 51| 1E B3LYP/6-31+G(d,p)Fll B3LYP/
aug-cc-pVTZ FE/KF- M LAk 1 RO e aeTa - rh(a]
RN AR B 4 F-45H, 456 N EL SO0 AL AR(IRC)FE

WL T 325 0L 9 $ABE P THD A S L BLBL. Ak,
i 3d e O~ CF,.CHF, .CH,F, fll CH,F () ) i/ i
TR AT B I EAE R YUE 05X
HF R A AR SO B A AR A DG B R R SR
MR REFE I A b i — DR R 1 3l 727
VRS

BT, F A4 BRI IRC FNJE Tk - B A VAR Bk
T L B9 43 1 8 )1 2% (Born-Oppenheimer molecular
dynamics, BOMD) S 115X FUFFE 1% S 14k 2R
SN2 77 1A ) FRAS TS A RN AR, s T — 4%
AW B T2 ROV P iE E, B AE B HF A1 CHO-
At AR, A A R, JE A XS N B A S B A
A, FRATT AR IINTE 2 SOV A &R 4% E 1 F- 3
BRI 81 727 S g B AR 7 A TR 1k A 5 e, R ot
& Yamamoto S5 FLARE T4 R/ NRE R SOV IR AR I
PRAI G S N LB S 78 AN S 1Y) B R AR TR
R, S\2 AR ML R RS HA IR A
2Z ] A 5 5 55 2 P g 2B i F+CH,0 8 J2 A= i
HF+CH,O /¥ i 18 AR AS R 3% .

AHXT A3 3 He/INEY Sa2 7 i, il = AR L OH-
FIAE B HyO+CHF 1 B2 SN 1Y) 3 27 1y
DR G LA DG 14 s 1 Bl 1 2 i % T4 1T T i I
Iy AT AT DA S B ORI 485 SR P 5 B LA R O E
HIVERL. i, A IR IR GR 9+ 3h 127 D5 B E BT
WESE 1 X PR i, I Hi 2k e inge SO W)
TRV A I I R B B Y B B R R ULAE A [R) filf 4 2%
PETF IR NAETE. e, il Yamamoto 55 5 v
FE H TAT Y LA AR B AR Z M8 7 1 2 S, B fROU,
FOVALEE, I it — 98 O~ 5 H A A AL F 1
ML UL T 2%

1 "8RG

AR TAEBITE Gaussian 03 #7432
SERN. B AR A T LS TR Y BSLYP ik,
£ 6-31+G(d,p) /K- T L T O & F ik CHF H
AR T 1 A TR, B Yamamoto 45 103K 15
PR Sz 7 S5 TAT b X6 7 il & AR B OH-FHAE B HoO+
CHF- )i FE W) 4 2 P 25 TS1. [FBF, S T 58 A
[F) 5 s FSE L AP X i P AR A A BB T BEAFE 1Y
R, SR T A MP2 1510 R B R A k4
aug-cc-pvTZ"VEL P b A TR BUA AL, DT X Bb 2% 0o
AAE B3LYP/aug-cc-pvTZ, MP2/6-31+G(d.,p) 2 MP2/
aug-cc-pvTZ 7KF- T B ALy 7. £:4¢, )\ B3LYP/6-



No.9 FEEEF WK T80 172058 O~ CHGF SR Wi il 2333
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ARG S RE A UE T P 0l A AR b . 7 A Y
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AN, BTS2 A13 i Mulliken
HLAT A S 0 BT 5 . AT DU A B S ARl
UESE 73207 kT ARG Al iR 88 5~ =01~ F g v ™
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AEBRHER 85T S5 A IFTERS B2, %00 F- 4544 73
IR A B R T Mulliken HL faf 41 S5 2047, ARAE
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E4FE

TEEFHREMAEAT, 25 O %1k CHF A
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WA N T BB A B 22 5, iX R 2Y
ﬁﬁrjﬁ@—_nﬁ % B3LYP/6-31+G(d,p) J7 1 3k 4b
PR T . 7E B3LYP/6-31+G(d,p) 3R 15 (944 44
Biep, C A H LL K O F1 H 2 [6] /4 1 & 4 3 R
0.1365 £ 0.1146 nm, i O H F C Z ] (/) J& /1 Ky
151.79°.

1E U Yamamoto 25U 5B, AR
IR S INE 7 35 2 R 2% 5 ) OH -+ CHLF 25 ilf it i
B SR AR, BIKT S, %49 O

0.1365 nm
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B 1 O+CH:F Bz M BT RS TS1 i
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Fig.1 Optimized geometry of the initial transition
state TS1 of the O+CH,F reaction
The geometry parameters from the upper to the bottom are obtained at
the B3LYP/6-31+G(d.p), B3LYP/aug-cc-pvTZ, MP2/6-31+G(d,p),
and MP2/aug-cc-pvTZ levels,. respectively.
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CHLF A ARl B HEA# B5, A2 OH+CHLF(HIh =
FPEYIEIE); 455 OH -+ CH.F iR i) 85— 2
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2, 1 s RS L SRR AR L AR
0.16-7.33 kJ -mol™ i [F N, IR 2R T4 B2 (8.4
kJ-mol™), T S M 2l i A NI HE 1078 — 107k (h
LAk B v YR L R E e NS A K AT LA
A B S A O, ER TR R S A R R i,
DRI AT L R 4 ) s 1 2 e o L A
FEELRRIAT. BEAb, 2 B F)12 50 2 7E 32 A A 3
ReIf FEAER, RATWHE A TLITA SR E
eV Y L. s TN E SRR, B H1 A
i By (82 B A $E3T 0.75, X Vi A e
TGP, YT 2 B HUY B3LYP/6-31+G(d,p)
TR A TE M. 2B RN =4 Mulliken HL
fap A3 & 43 A AT %0, 43 5 % . OH+CHLF Al HyO+
CHF %), i A~J& OH+CH,F #1 H,O+CHF.

TEIX 57 ZKELk T, 35 SRBER b A L 7= )
J& OH+CH,F, 6 Z5#814 % i 2E i H,O+CHF =4, 2
SR WoR I )R CHLOHAF-, 14 5584 R 78
5000 B SE BT W53 B AE RS -0 TR A
ARAS. MR, A SOV AP B i — 20380, 3X 14 4550
L IE -0 THEEWRLS B, 7B OH+
CH,F #l H,O+CHF 7=4.

R T X e RN AEAS R R R B il - S B 4544
77 T AR A, FRATTHE IR B 2 W 1R A5 A I T
2T, 43 PR e P R & A RESRL M 2.1 kI -mol™!

F1 HMHEEMGH 300 K ABRFERENEZGFT 05
CHLF Wy Rk B gk
Table 1 Trajectory summary for the reaction of O~
with CH;F, with the starting conditions determined
by thermal sampling at 300 K

Energies added on _ _ .
. OH+CH,F H,O+CHF~ Other Sum of traj.
the transition vector

thermal sampling* 35 6 16 57
2.1 kJ-mol™ 6 2 2 10
36.8 kJ+mol™ 11 3 1 15
62.8 kJ-mol™ 11 4 0 15

“Energies added on the transition vector are determined by

thermal sampling.

BF, TH3E T 10 AR B FER, B fe i R i i
fefy 36.8 F1 62.8 kI-mol™ Bf & AT 15 4%
2. TEX D3 40 K, K gm Snem A
EAK T 4.0 kI -mol™, oAb BB 1 fe 25 1 — SR L2k
AE AR MbIAF 8.0 kI -mol™, (A SRAEAL 24 KG B 170
FEIA. S A i IR 24 1078 AT

MRREE R E R FRER A 2.1 KJ-mol™ B,
O~ CHF 1 2y 3 U2 7 JARIE 3 45 14 TR & A=, AH
N B AR XS shREAE # /N, EFRATITHE A 10 414k
H, 6 RN m A U™ Y OH+CHLF, BRIl & S
Wi 2 A% &A™ Y HO+CHF-, Bl A4
B HO [ SN 3E 38 ; — 458 AE 5000 2 5 R A
H,O---CHF H [ AR 28540, TE38 N 52 1o Bsf [) J5 e 4%
AT LU A HO+CHF; b4k, i85 — S5k A ml T
774 HF+CH,O", 3% i SR &t T H 5l #2 vh s
SRG R B AT

AE I R B EAYEER N 36.8 kT -mol ™ B,
TATIE M 15 KL A 11 KER Y
OH+CH.F, 3 44 HLO+CHF -4, A 1 454k
T =AM A A 80" ) F+CHOH. 1M 4 hn7E of
PR FRYRERE N 62.8 kI -mol™ I, LAY 15 4%
N 11 Z06 A A s A 7, AR B OH+CHLF
PR, FLAY A SRR AR UK I P, 15 )
H,O+CHF 17 4.

MHTTE A T PR AR R B AR R 1
. AR, 7E 300 K IS4 T, O+CHLF U
3 A A AR A B OH+CHLF 77 32 555 38, M
H BRI 22 B0 70 i S 2o A TS1 A
Joim FRER AR, A AR R OH B+ 1) i 4
2% E AT IEAh, NFRATTAA FRECR i3
KT, INFERIEA SN JEZS TS1 pyad i i FRg
B, A (4 &R B AR B K B A I 4y S
A B B B
2.3 HERFIEEF A R K R R E B Eh A R M

1z

W H, BhAS N 1 5 RS SN T AR ) i
ST 2E S MR R i AT P A A
B B 7 ) 30 T A ke, G O 1) S R B I AR
FER T C AT EEUERH, 17 80288 B Ak R W s A5 AN ).

2 5% T IRATH AR B A — 2 B AU &)
I ) SV R SR, B R AR R AR SRR B R ]
HASAL. SN 28 D e W)l JE S TS1 Jm, il &
JEBL OH™--CH.F AL G Y. Z GRS G
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Fig.2 Potential energy profile for a typical reaction
trajectory leading to OH+CH,F
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HR GRS ) AR TR A S RE iR DLIET 3. B4R, 1% i i
P SE BSR4 A0 R T . R A AR S TR Y 4 R
TEARAL, BN AR DT e Wl it A TS Je, i
ZIE R OH™--CH,F HRIALK 59, 2 J5 OH 7 [l 4%
CHJF iz S s 5 B CHLF E i — ANl T8 7
—Fh P AL A4 HyO---CHF-, B S5 755 2485 1)
fife g5t B, [RIAELE B 5 R E AR CHE I
H,O 43 F M 112 3l — Br il ], 5% 44 4E i CHF il
H,O. X FLiX Fhsh s s M HLEE, Ho 72 5 3 T aE )
T ) S5z IO AL 285 S IO A A48 oL — B

A 2T TR LS B AR X B AR MR
KL G A A T g T . SR, 7543
BT B SO BRI, FRATT A B 2ok Ok B MR
M 62.8 kI -mol™ i, 5 —4c4: i, OH+CH,F %1
LRAUN T RZY 310 fs (R aIEE5E RE T, U B I L
1 FEH OH--CHLF H (AL A W 1 75 fin b HL S T
BT A L JEAS TST B8 8 2 B9
OH+CH,F ).
24 5LBERPLLEK

FFam X kb DA ) SE 56 8 9%, Futrell A1 Tiernan'
e EfIBC BT 35 rh WL 1Y) 77 9 43 A S OH- 24 1 82%
CHF %5 18%, Ifii Tanaka %5 "/E i s AT 200 Fh 24
s 5y 32 e OH Y 98% (CHF-F F34 1 1%.
Z IR B H I LIS EF 2R, ¥R R 300 K
TR GERE S R ik AE Ak, I sE R 0

1
[3~]
S

2335
60
b LA e
9 @ *Q
ol 12 %e /‘ 2 ,
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'gd L
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Fig.3 Potential energy profile for a typical reaction
trajectory leading to H;0+CHF~
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FETERCR I 22 5, T HL 2o i HAT BRI iR 22, 4
Peverall S5 18 SR 22 20 20%, {H 2 Fr g /)
S BB 5 O UE S 4 AU B OH+CHLF 2 i %
F A, X B S RATY RS R S5
RAF. XA, ATHIHHER i — 25 O- 5 AL
TR RO LR T IMER S

3 & it

FATTE BSLYP/6-31+G(d,p) PR K F- K % H
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OH F4: B H,O WY PIAN W38 3 . 38 2 % L s i
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.
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PER R E R RE R RBLEAN R R 25 T 1Y SO
. OB AR NI R 1 WA TS 4R, 4 m
fEib R 5 ERRER I 2.1.36.8 LA K 62.8 k-
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