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Theoretical Investigation of the Reaction between Atomic Oxygen
Radical Anion and Vinyl Radical

WANG, Xin-Lei YU, Feng XIE, Dan LIU, Shi-Lin ZHOU, Xiao-Guo*
(Hefei National Laboratory for Physical Sciences at the Microscale, Department of Chemical Physics,
University of Science and Technology of China, Hefei 230026)

Abstract The reaction mechanism of atomic oxygen radical anion with vinyl radical has been investigated
at the G3MP2B3 level of theory. The entrance potential energy surface for the title reaction has been
scanned with a rigid scan method. Three different reaction mechanisms were observed as a direct dehydra-
tion channel, an insertion reaction and a direct bonding process, corresponding to the different initial spatial
collision directions respectively. The energy-rich intermediate anions, eg. [CH,=C—OH] as the initial
product of the insertion reaction and [CH,=CHO] as the direct bonding product, are able to isomerize and
decompose to various final products, such as C;H +H,0, CH,C+OH and CH;+CO. Based on the
calculated relative potential barrier heights of various product pathways, the initial direct dehydration reac-
tion was thought as the most favorable product channel for the title reaction system. Additionally, the elec-
tron transfers involved in these processes have been discussed by using the Mulliken charge population
analysis. The present investigation is consistent with the previous experimental studies of the OH +C,H,
reaction. Moreover, the different reaction mechanisms of the O+ *C,H;z, O +C,H, and the present reaction
were compared as well.
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Table 1 The total energies, relative energies, reaction enthalpies of key species and imaginary frequencies of the transition states on the

reaction potential energy surface

Specie

viem™! Ey(G3MP2B3)/hartree

A, H g /(kJemol ")

AEy/(kJemol ")

Cal® Cal* Exp.’

O +-C,H, —152.80485 0.0 0.0 0.0 0.0
C,H +H,0 —152.95157 —385.2 —319.5 —382.5 —350.0°

—369.0°
OH +C,H, —152.92927 —326.7 —264.5 —3248 —323.4¢8
OH +CH,C —152.86048 —146.1 —101.1 —143.1 —140.82
CH,CO +H —152.88754 —217.1 —191.6 —216.0 —200.0"
CH, +CO —152.95423 —3922 —3319 —390.2 —378.8
M1 —152.97727 —452.7
M2 —152.95990 —407.1
M3 —153.02356 —574.2
M4 —152.95618 —397.3
IM5 —152.98216 —465.5
TSI 551i —152.89013 —2239
TS2 1157i —152.88123 —200.5
TS3 251i —152.93314 —336.8
TS4 971i —152.89217 —2293
TS5 1759i —152.91828 —297.8
TS6 1764i —152.93135 —332.1
TS7 1632i —152.92542 —316.6

“ Calculated at the B3LYP/6-31+G(d,p) level, and the scale factor is 0.96 1321 5 calculated at the BALYP/6-31 +G(d,p) level; ¢ calculated at the G3MP2B3 level;
“ Ref. [37,38]; ¢ Ref. [24, 39]; using A H,,, (C,H ) derived from ref. [39, 40]; € Ref. [39, 41]; " Using A Hj, (CH,CO) derived from Ref. [42]; / using

A.H.y, (CH; ) derived from ref. [37, 39].
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Figure 1 Optimized geometries of major anion products, intermediates and transition states at the B3LYP/6-31+G(d,p) level
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DAL S 7 AT T P S 560 i AW 1) HaCCO™ 1 7= AR, i/
O 5CoH; MR N, Wt R NVPIRe iR s, F80E &
H,CCO™ {38 A B R (217.1 kJemol "), Rl 5K
56 v AT BRI 2 1) e .
224 S TRBRAEG

WK 2 Fros, HIaE IM3 i8] DL 42 TST KK
B T4AY IM5, EN[CH,—CO], #&EN 257.6
kJemol ™', ZkifiWiZ%d C—C 8L pe =4, 1 Mulliken HLfi
A 5 43 BT UE S B J AR K 2 AT e AE CH, 4] I,
BEAE B P2 CHS 5 CO 4 7.

3 HELERMITIE

3.1 5 OH +C,H, R A &HBYELER

SR, TEYHTIRONARFR T, % ) 0 5 A
A A2 e R AR A v BT KO K (A %
CH +H,0), CH; +CO 7 1 fift #idiE, HiEimiECE
B CH,CO™ +H) &AL (A% OH +C,H, BiAE ik
OH +CH,C), PRI AR i & AR & e F 2174
WIE. o, O il -H 15 I BE S B AE A IMIT
(A, Gk 7K 1 S B A8 Th o8 AR AT, B o R AE,
MR R IM2 SRR IM3 19 )5 28 54 2
i 243 B BLK P M Im I R L R, A R A&
TS1 F7 Al KA.

DAEAERTGE OH 5 CoH, SN SEae 20 U
TR TR H,O [r=isiE. wmkE 2 Fios, 7ERNY)
OH +C,H, WA AE R (K 2 s RIZ) L, ME—REmS
KA N AR IR L OH +C,H,~IM4—TS3—1IM1
—CH +H,0, X EARELR4s Hoe 43
3.2 S5BMURMERE LR

Xof P SRR 5 L0 F RS Y, Heinemann %5
SR 298 K IRV HCh 5.0X107" em’
molecule 'ss™", WMFI T CH;+CO i CH,CO+H
TIE, 1 OH+C,H, 38 3 WA WL #). Donaldson 2!
SEG LI F ) 32 Bl R Al CHz +CO, I H
AATIEE T B0 S B BARETHIACA O 71 4 1E B CoH,
T C JBRE T IAA[CH,CHO], R4t H T3
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2 B|[CH,CO], 4kl &3 CH; 5 CO, Jab s WA
536 kJemol . i, Harding 257 F44 T %44 2 00 50 e
HRHEECN 1.13X107"° cm’smolecule'ss ™', H H 4
UV IR IR N 10%. AR, A SRS
T5 N B NI, I S N A e e A
JR, FEURNV R, I HBAAFERPLE, R
SEAERIERRERE N eI AL, O B 53 «CoH, i)
SR BT B 2 U R AR A IML, 4k
K.

IM{E O +CoHy RN ARETWFIT Y, e iEds &
INAFAEZRA BB K AR, H5 4R O 4+CoH;s R
IAH L, P53 50 AR K IRl R AR AL, 38 B4 N
() 28 S B B A B =0 (9 245 5 0. W e &A%
AL &5 R4 R ) i 25 - AR AR 45 5 ), [CHLC ™ ++-H,0]
FI[HCC ---H,0], HHEie CH,C B2 CH WHLE
R, BN H—C(1)—C(2)J7 i), frify 124k
HEE CQ)E, MM S Bk 3 AR 2% & W A oe 45
F. IR, O ++CoHy Il O 4 CoHy N R AL = 43 18
T A A NI T A AR
33 ZEARMNBREEAIEI

WIHGHTA, A3 T5 O A R N AR RiE A n]
BEAE = H AR SR LA T 2 418300
X RSN ATLER R 520, FRAT AR AEAH [ R KPR X
AR R T EARRE AT TS, 45BN, PIUh &N
WEFEAZAE 2 AR ARZS S, (H 2 BT RE 3 LUAH Y.
P AR 300 kJemol ' BA L. SXAEFRATANE 75 24 T
SNARF R, = A S Y A B IR HE X d5 7 40 ) 5
AR, B 5 2 GOV IR, hAh, AT
HET RN R BPRE OSBRI AT BEEm, 453
BOR BT EUOR AR R = T A R E AL S R
I BABETHT, BRI I LT 22 i 5 AL )5 it B A A B
BT RS, BeATIRXXIEH “ ZAABN” 8 “ A Jiesk
B 5 n LA 18

4 Zhig

AIAE G3MP2B3 BB /K P FHFR TA B FE &
W55 L0 SO LB, S N I 38 1T 1 I 1 4 5 SR
R, TR IR SOV AR RAELE 3 FAS R 14 [
NHLER, BI BB i N S AN LRz B 1 i H [ AR T
. M O Y B AL C Ry ok BOLER N H R, #8
W 3 BOE = Wity 25 TS S ) ML, BRI AR 25
A1l HaO; #Y o7 C JEFIERN H R -Fut E SN, KB
NI R 8 7 TP A IM2; T B BRI o £ C JR T
Babz Hesa bk ™3, bk M2 Fl

IM3 4> I EAT 2 407 F1 574 kJemol ' #1542 RE, PRI n]
AR5 28 S A R 3 26 L e S B T RE 1. Bl
X A T REMIB K £ CH +H,0. &S558 OH +
CH,C i OH +C,H,. E#A 4t CH,O +H L%
TS CH; +CO =4l i sy JIRT TIF9E. 3T &4
A TE X IV A2 R (AT A, TR MK RN AR
JEGAR R E B Y, FRIRATESS S Mulliken
AT A S AT T e b ) o Ac i R M
TR MU IR SE T BAE (5256 45 9 OH +CoH, 1%
I U B A B HLO = pimaE. BhAh, S4uriisE
XTI TIZRNAA R RIRTS O AR, SR8 T
54955 F = A RN AR TR LEE.
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