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Computational Investigation on the Reaction Mechanism of Atomic
Oxygen Radical Anion with Ethylene
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Abstract The reaction mechanism of atomic oxygen radical anion (O ) with ethylene (C,Hy4) has been in-
vestigated at the G3MP2B3 level of theory. The present calculations demonstrate that O associates quickly
with C,Hy to form ion-induced dipole complex, which can subsequently isomerize and decompose to various
products, corresponding to molecular anions dissociation and associative electron detachment pathways, re-
spectively. Based on the calculated barrier heights for various channels, the main product pathway is the as-
sociative electron detachment channel and the corresponding natural product is ¢-C,H4O; moreover, the
branching ratio of molecular anion dissociation channel is smaller, and the main anion product correspond-
ing to H,O production channel is CH,=C  anion. The present calculations are consistent with the previous
experimental results.
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Table 1 Reaction enthalpies of all possible reaction channels (kJemol ")
(U)B3LYP (U)B3LYP .
Ch 1 G3MP2B3 E t
annets 6-31+G(d,p) aug-cc-pVTZ xpermen
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CH,=CHO +H —88.9 —92.2 —114.0 —109"%
CH,=C +H,0 —223 —29.1 —48.7 —38%
CH=CH +H,0O 0.8 —88.3 —32.8
CH,=CH +OH 118.3 114.0 90.3
e +CH;CHO —303.0 —298.6 —332.5 —331.5%
¢ +CH,0CH, —183.4 —180.0 —217.8 —2138%
¢ Calculated using the AgH;;aS taken from ref. [24, 25].
o oes H 130.21 108.44 H 13356
121.49 :
0= 121.48 130 21 0 1274 0.1362109.63/5 4419 179.98
B N\ 01266 01350 01112 \ 0.1110
OH 11852 C 116.61 112.01 C=——_ o.1067
118.66 "'0'1'3;§8' 16 86 112.25 J121 52 0.1292
12392 0.10890.1380, 1126 121.84 0.1197
123 81 H 01084 011230 H 81832 CHCH
c—¢C
0.1110 0.1346 CH,CHO" =CH"
0.110% 01335 2 CH,=CH
H CH,=C" ',O 0.0966
,/0.1926 01007 o.ogs{z H(2)
17782 ,+ 0.1928 H(&) 01341 0-.0.0976 101.34
179.05/7 0.1087 . -/ 2 0.1023\ 101.67
H(6) H(2) 01087 0.1355/107_89 H(2) 01016 H(6)
0.1090 0.1119 c)=—c() 110.04 | M3
0.1085 _ 0.1113 0.1344 , 0.1846
C(4)—C(1) 0.1330 ', 0.1879
/ otas \oioss HES)  910934(3 \
0.1330 } 0.1085 01111 C(4)=C(1)0.1102
H(5) H(@3) 01108 /" 01295 \ 0.1098
M1 M2 H o 01280 THE)
H(2) 0.0986 O
0.0971 H(6) 10169 H(E)
HE st Gt 0158 Jonen  HO)oom 102 318
01079 110.46 /7 1354 Q) ==C(1). - H(3)KO 0096 1H{(5) , 01089 10501 :
01081 Ggy——c(1) "~ >>° 01338 01829 o018 C(4)0 1517 (Do)
0.1344 \ 01086 01326 01841 0.1015 0.1511
01330  \0.1081 H(®) 0.11220(3)
H(5) H(3) 0.1118
IM4 IM5 IM6
0.1441 Q (@] 7 91295
: N Z 0. 1211
01434 \ 01332\, 11830 /H(S) H(3 01088 C(1) 1840
H(6 59.08 01327 \y ' 0.1089 107.18 C(4
( )""'C(4>§—59'390(1 P cilmo ot oo J o N
0.1481 v )
H(5)/0.1092 0.1461 \H(3) HEW 0.1504 0.1119 H(2)
01085 Loy 01148 H(6) 0.1107
(2)0.1146
IM7 IM8 IM9

B 1 ST S RN PRI A B S5, BT R (U)B3LYP/6-31+G(d,p)/K- - F IR RS 4, R 1HIks 5 (U)B3LYP/
aug-cc-pVTZ K- TR BISH, H K REE 5 547 43 )9 /2 nm F degree

Figure 1 Optimized structures of anion products and intermediates, the upper values are the (U)B3LYP/6-31+G(d,p) geometric pa-
rameters and the lower values are the (U)B3LYP/aug-cc-pVTZ geometric parameters. Bond lengths are in nm and bond angles are in

degree
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Figure 2 Optimized structures of transition states

the upper values are the (U)B3LYP/6-31+G(d,p) geometric parameters and the lower values are the (U)B3LYP/aug-cc-pVTZ geometric parameters. Bond lengths

are in nm and bond angles are in degree

Associative electron detachment channels

Molecular anion isomerization and dissociation channels

0 +CyH,

w/

TS5

E (kJ/mol)

e +0-C,H 0

/

e + CHyCHO

OH+CH,CH"

OH™+CH,CH
CH,CHO™ + H

TS4 CHCH™ +H,0

CH2C™ + H,0

M4

M2

B3 O +C,H, Mg E X g

Figure 3 Schematic diagram of the relative energies for the O™ +C,H, reaction

HAET AR N 0.1926 nm, 23T R ) S o K
IMI IR N 2A", BRI IR PA A e 4
Ry, AL THILE R NY, IML &R 1, ndk—5
KA AR 2 NV BUR A E T RER A A
i 1Y AR T e R S ) R FINA QR T W VAN
FRRAL N BRGNS A KRN )23 b BA .

21.1 #HERE. BAMER N L BB AR L@ E
IM1 &5 A TS1 F# s IM2, Hord TS1 % % AR

PE, IETER C(1), H2), O =AM T IE R Ah = Je IR 45 4,
COHR¥5 HQ)RFIEER A 0.1414 nm, O 5 H(2)
5 FIRIFEZE R 4 0.1130 nm, [AI C())E T 5 O J5i 117
FRAZ D 0.2482 nm, HEHRE) T E0 N T H(2) R 1
C(HJE¥1n O JR-F TR (Kl 2 #iskioR), HAZAE
BN 1018 em™ !, IXFR W] BEAF AR 35 10 B 25
JRE TS B MR R S8 s Tk s &4
OH **CH=CH, iR, {H2 IRC vHHE S & FE1)



No. 10 TOBSE: WA T Al L0 RN LB o ST 903

R2 OBEEI ORI AER .

(1) <S> >AMEAH 5 i P 1 A E

Table 2 Energies, <<S*> before projection of all species and imaginary frequencies of the transition states on the reaction potential

energy surface

Species Imaginary frequency /em ' <§*>° G3MP2B3 energy/hartree ~ G3MP2BS3 relative energy/(kJemol ")
O +C,Hy 0.755 —153.48186 0.0
OH +CH,=CH 0.760 —153.48552 —9.6
CH,=CHO +H 0.750 —153.52570 —115.1
CH,=C +H,0 0.757 —153.50176 —522
CH=CH +H,0 0.757 —153.49589 —36.8
CH,=CH +OH 0.752 —153.44835 88.0
¢ +CH;CHO 0.750 —153.60702 —328.6
¢ +CH,0OCH, 0.750 —153.56259 —212.0
M1 0.755 —153.49833 —43.2
M2 0.750 —153.56485 —217.9
M3 0.757 —153.52096 —102.7
M4 0.750 —153.56043 —206.3
IM5 0.758 —153.52752 —119.9
IM6 0.757 —153.53812 —147.7
M7 0.750 —153.52858 —122.7
M8 0.756 —153.53750 —146.1
IM9 0.754 —153.57110 —2343
TS1 1018i 0.759 —153.48576 —10.2
TS2 1551 0.770 —153.47497 18.1
TS3 451i 0.752 —153.55302 —186.8
TS4 292i 0.764 —153.49676 —39.1
TS5 161i 0.760 —153.48751 —14.8
TS6 564i 0.751 —153.52419 —111.1
TS7 2671 0.756 —153.53652 —143.5
TS8 7621 0.770 —153.52292 —107.8

“ Calculated at the (U)B3LYP/6-31+G(d,p) level, and the scaled factor is 0.96; ® at the (U)B3LYP/6-31 +G(d,p) level for the open-shell molecules and anions.
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