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Theoretical Study on Reaction between O(°P) and CH,=CHCI

HU, Wu-Hong* SHEN, Wei
(Department of Chemistry, Fuling Normal College, Fuling, Chongging 408003)

Abstract By means of the density functional theory and QCISD (Quadratic configuration interaction cal-
culation) methods, the reaction between O(P) and CH,=CHCI has been studied. The geometries for the re-
actants, products, intermediates and transition states have been completely optimized at UB3LY P/6-311++
G(d,p), UB3LY P/6-311++G(3df,3pd) computational levels. All the transition states have been verified by
the vibrational analysis and the internal reaction coordinate calculations. The mechanism of the reaction has
been confirmed. In view of energies, the channel of forming the products CH,=CHO-+Cl is more favorable

than the other channels.

Keywords CH,=CHCI; O(3P); reaction mechanism; density functional theory

SRR NI () BRG] 5, KA e
P AL A IR 2, BRIRSUIE IS (CRC) ) iont K,
L2 IR 1 22 R 4 1 2924, CH, = CHX
(X=F, CIyXt B4 ZHH MBIRER, 5 X
ARFIE UL R 2 R AR R OCP)&E A ek E
RMEL A CHy=CHX (X=F, CI)E XS5 5
FEE ), DRI s AL AT R . Fur-
bayashi 54 Fil Washida 2% CH,=CHX (X=F, Cl)5
OCP) I J AT T SZi6iF5E. 2001 4F Inomata Z(1¢E
323~357 nm KAOEHER T, @i X ocP) +
CH,CHCI VIR 5E, #E CH=CHCI 4K H T B

* E-mail: weis073@163.com

AFAEQT R N
CH,=CHCI+O(*P) — CH,CHO+Cl (1)
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Tablel Total energiesand relative energies at the critical points of potential energy surface and vibrational frequencies

Eqoa/aU. AE/(kJmol 1) Frequency/cm *
Species
B3LYP/6-311++ 3LYP/6-311++ QCISD(t)/6-311++ QCISD " vy
G(d,p)+ZPE G(3df,3pd)+ ZPE G(2df,2pd) (2df 2pd)

Re —613.28749 —613.30006 —612.53002 0
1M1 —613.29057 —613.32020 —612.54021 —26.75 86.2 229.92
1TS1 —613.24678 —613.27196 —612.49271 97.95 678.3i 259.5
1ImM2 —613.36988 —613.39007 —612.61633 —226.60 105.6 300.6
1TS2 —613.32861 —613.34101 —612.57046 —106.16 543.3i 198.2
2IM1 —613.33915 —613.3565 —612.56859 —101.27 203.7 251.3
2TS1 —613.33766 —613.35378 —612.56507 —92.02 316.1i 229.3
3M1 —613.33428 —613.35007 —612.5687 8 —101.75 47.3 235.2
3Ts1 —613.28504 —613.30145 —612.51092 50.15 1600.3i 128.6
3IM2 —613.34623 —613.36085 —612.57798 —125.92 137.1 268.2
3TS2 —613.34263 —613.35565 —612.56000 —78.72 263.0i 97.5

P1 —613.34734 —613.35956 —612.57956 —130.07
2TS2 —613.28643 —613.30213 —612.51330 43.89 1708.0i 280.6
21M2 —613.34548 —613.36092 —612.58053 —132.62 190.2 262.6
2TS3 —613.28364 —613.29968 —612.50340 69.89 2493.8i 203.1
2TSA —613.31371 —613.32917 —612.53970 —2541 1001.8i 2719

P2 —613.32936 —613.3447864 —612.55752 —72.20
3TS3 —613.28092 —613.29745 —612.50455 66.88 —2686.3i 202.8
3TA —613.27930 —613.2958679 —612.4991326 81.10 2724.1i 187.6
3TSS —613.30934 —613.32618 —612.53683 —12.86 853.1i 152.6
3TS6 —613.30688 —613.32368 —612.53474 —12.39 875.1i 206.7

P3 —613.31867 —613.335409 612.54769 —46.39

P4 —613.31714 —613.33387 —612.54648 —43.20
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Figure2 Two-dimensional electron density contours of intermediates and transition states
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Table2 Electronic densities of some selected BCPs and RCPs in intermediates and transition states
. Electronic . Electronic
Spieces BCP RCP densities (o) Spieces BCP RCP densities (o)

1M1 o—Cl 0.28823 3TS2 Cl—C(1) 0.04066

Cl—C(1) 0.20262 C(1)—C(2) 0.30805

C(1)—C(2) 0.35968 0—C(2) 0.38024

1TSs1 C(1)—o—Cl 0.13826 2TS2 C(2—C(1)—H(5) 0.16596

0—C(1) 0.15960 H(5)—C(1) 0.17125

Cl—C(2) 0.17264 H(5)—C(2) 0.17073

1ImM2 Cl—O 0.19736 2IM2 H(5)—C(2) 0.27950

0—C(1) 0.28402 C(1)—C(2 0.25223

C(1)—C(2 0.35948 ClI—C(1) 0.17762

1TS2 Cl—O 0.03512 2TS3 H(5)—C(2) 0.06335

0—C(1) 0.39249 C(1)—C(2 0.32394

C(1)—C(2 0.31683 ClI—C(1) 0.19886

2IM1 Cl—C(2) 0.12903 2T H(5)—C(1) 0.06488

H(5)—C(1) 0.27656 C(1)—C(2 0.29318

0—C(1) 0.35032 0—C(1) 0.42012

2TS1 Cl—C(2) 0.10010 3TS3 H(4)—C(1) 0.06893

0—C(1) 0.36506 C(1)—C(2 0.31039

C(1)—C(2 0.28287 ClI—C(1) 0.20979

3AM1 H(5)—C(1) 0.29310 3T H(5)—C(1) 0.06763

H(3)—C(2) 0.26988 C(1)—C(2) 0.30887

H(4)—C(2) 0.28216 Ccl—C(1) 0.20863

3Ts1 C(Q—C(1)—H@4)  0.15867 3TS5 H(4)—C(2) 0.05486

H(4)—C(1) 0.17674 C(1)—C(2) 0.29981

H(4)—C(2) 0.15891 0—C(2) 0.38886

3IM2 Cl—C(1) 0.14865 3TS6 H(B3)—C(2) 0.05655

H(4)—C(1) 0.29555 C(1)—C(2) 0.29729

H(5)—C(1) 0.29587 0—C(2) 0.38999

3 MUK NS ESKEEEE AE”
Table3 Activating energy AE~ for transition states
_ AE7/(kJmol 1)
Species B3LYP/6-311++G** +ZPE B3LY P/6-311++G(3df,3pd)+ZPE  QCISD(T)/6-311++G(2df,2pd)
1TS1 114.97 126.65 124.70
1TS2 108.36 128.81 120.44
2TS1 3.93 7.7 9.25
2TS2 138.42 142.79 145.16
2TS3 162.35 160.79 202.51
2THA 66.81 71.78 75.86
3TS1 129.27 127.65 1519

3TS2 9.37 13.67 47.20
3TS3 171.47 166.46 192.80
3THA 175.73 170.62 207.02
3TS5 65.48 62.74 88.89
3TS6 71.93 69.28 89.36




No. 12

SRS, CH,=CHCI 5 OCP) MBS iF 5T 1047

O

< <
1 |

=

w2

E

-100 4

31Ml1 2IM1

AE/(kJ-mol-1)

-150 4
-200

-250 A

Bl 3 o W AR ) FARe T T P
Figure 3 Energetic profile for the potentia energy surface of
reaction

P24 P1 (CH,CHOHCI). ZEHbfalfk 1M1 Flid &
ATS1 1, C(1)—Cl #4354 0.1761 F11 0.1934 nm, JL
JSCER I S A5 00 LT 2 B 43 i) A 0.20262 FI1 0.17264. M5
¥y bE, iR 1TSL i C(1)—0—Cl =AM 2t —
AR5 R, 28 AIM2000 F2) 7 40 AT ik SE T 31X — o5, L[]
H— RIS A, AT 0.13826. M\ 1TS1 |
1UM2, C(1)—O % #i4E 5 (0.1941~0.1373 nm), Jii:
I G 0 1 P97 5 5 4 9T 34 K (0.15960~ 0.28402). L1 #%
PR R AR M 2R 3% A 1T S2, O—Cl W] i 19K (0.1722~
0.2502 nm), s B Il 5 AR HL AT 5 B2 3l - 0.19736
F110.03512. C(1)—O #tifk— L 4% 4y 0.1244 nm. 3K 1
AL, AR LML B8 & L VA Re (168 &A% 26.75
kdImol, A 1TSL M1 1TS2 itk fiE( AESisom) )4
W 12470 F1 120.44 kImol, 4 P1 HIHIXTBE X
—130.07 kJ/mol.

oA RNAEIE A, OCP) B 15 C)JR 745 5 %
A 21M L, ARG SR 2TSLA 2 PL. 5
[k 2M 1 bedg, A 2TS1  C(1)—Cl 8 m] i K
(0.1801~0.2067 nmy), Bl S rii 110 L fay 25 R B 5l ik
/7(0.12903~0.10010), [FIH C(1)—O #4i%H A 0.1270
nm. REJEA 2TS1 iRLRE N 9.25 kdImol. ) C(1)—
Cl Wi E =4 P1.

PR =4 R NEEIE Y, OCP) R 15 CQQE 745 &5 1%
e AR 3IML ARG 4 H R TR g 3TS1
RE PR 3IM2, I fa4ent Cl a1 3 L 1 A 3TS2
358074 PL. I 3IM1~3TS1~3IM2, C(2)—H(4)%:W]
12 #9K:(0.1102 nm~0.1330 nm~¥i%¥), C(1)—H(4)&4i
%2k 0.1080 nm. 1 JE A 3TSL ' C(1)—H(@4)—C() i 1
TR HAR 25, FLIa A — BRI 5t R (RCP),  Hi far 2%
&5 0.15867. 5 3IM2 k%, 3TS2 ' C(1)—Cl #H K
T 0.0602 nm, s I S A A A R A B ek )
(0.14865~0.04066). ifiE#s 3TSL Fl 3TS2 [iHILAES

W24 151.9 Fil 47.20 kImol. fz)i, C(1)—Cl B & =341
132179 PL.

M 3F1 H B I A TEAL B AT ] 3 25 H I S N I 7R
I fE R ¢ R LU = 4 IR VBB [ BE i, 7T DUR HISE — 4%
SN 3 A L I AR 2T ST 35 1K BB ( AESisp) =
9.25 kJ/mol) W] A T 5y W 4% Joo I3 0 0 (10 3kt 5 4% ol 2 R
MG RE. DRI, B 4% S NI T A AR R N 7 )
CH,CHO H1 CI (1) 3= %2 [ W 3 1 .
2.2 4 CH,CCIO 1 H B/ Rz

N7 ) P2 (CHLCCIOH) ) B W 3 4 1 4% J
NIBIE. B OCP) R FREI CL) R T, TR 44
2IM1, ARG H(E) IR IT B i s 2T S2 143 20 1]
P 2IM2, fJa 2ot H R 5 25 1 S 2T S345- 21 74)
P2. Hrpufk 21M1 b, RS 2TS2 h H(5)—C(1)
Y %K (0.1105~0.1294 nm), LI S H
R B 987N (0.27656~0.17125). HidiEA 2TS2 b
B, hiEAR 21M2 R H(5)—C(2)%E: B ik 4545 (0.1307 ~
0.1094 nm), J& 8 In F¢ A5 00 L far A RE A AH Y 1Y i
(0.17073~0.27950). AHXf T i 4k 21M2, 7Rl
2TS3 1) H(5)—C(2)# 14120 0.1715 nm, L H fif 85 52
/A 0.06335. {RIX 4% e N igie b i A 2TS2 il
2T S3 [{E L AE S )4 145.16 Al 202.51 kImol, 74 P2
FRIAF X fE ok — 72.20 kImol.

HE A& 21M 1 H(B) Jit 7 M C() I 73 A3 2128 —
2% I NI . H(5)—C(1)8 A iR 44 2IM 1 [#) 0.1105 nm
BRI EA 2TSA 19 01691 nm, H & /N T
0.21168, #itH] H(5)—C(1)% ] Wik 55, 1A 2TSA (1)
TELREN 75.86 kImol. fJ&, H(5)—C(1)%k Wi 413 21~
Y P2.

MFE 34N, AEE A1) P2 (CHL,CCIO+H) 4 —
25 I N TE ORI P R 2IM 2 2] 2T S3, ik i
202,51 kImol, ML — 4% S NalaE AR pad JEAS
2T S4 T it (3 AL i ( AEScisory = 75.86 kd/mol) B A T
B 4% RNIE T R P BRI TR G RE. BRI, B T4
IS N T 38 S A R N =4 CHLCCIO AT H ) 2 Je v il
.

2.3 4 CHCICHO #1 H B9/ [z

RN BT P4 R NOEIE. % OCP) R 1 H %
BB C)JR IR haA 3IM L, AR5 &4 H(A) R T M
3IM1~3TS1~3IM2iLH, f)m H(4)H H(5) 5173 7l
2445 2 H A NS 5 44 16 7 B = ) (trans-CHCICHO  F1
Cis-CHCICHO). Lhlajfk 3IM2 th#g, 1ljEds 3TS3 Al
3TA 1) C()—H@ B & C(1)—H(5) 855l 1 K 31
0.1686 Fil 0.1700 nm, 1fij J B I 7 sii (1 FiL Ay 25 7 Sl ik
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/Ny 0.06893 Fil 0.06763. WA Ik I A TG AL AE 4 Al A
192.80 A1 207.02 kImol. fi# C(1)—H(4)H# K C(1)—
H(E) B 1) 4k 2 3 K, A& Wi 15 2] =4 P3 (trans-
CHCICHO-+H)#i! P4 (cissCHCICHO+H).

[FJEE, A 3IM L i H(3) AT H(4) S5 43 ) 5 2=
WA 2= P3 Al P4. fERIJEA 3TSS Ail 3TS6 H1,
C(2—H(@) & C(2—H(3)47h 0.1760 Fl 0.1749
nm, RSB I S IR F A A RE 2y il ol 0.05486 Al
0.05655. W§-/™id P A N5 AL BE 70 i) 4 88.89 i1 89.36 kI
mol. =4 P3H1 P4 [P AHX fig & 73 il 4 — 46.39 il —43.20
kJmol.

M 3 A 3 ATLAE H, AR ) P3 (trans-
CHCICHO) ) P 4% Ik Wil i ', £ i Re~3IM1~
3TS5~P3 (trans-CHCICHO+H) i & i@ iE. iy
AU ) P4 (cis-CHCICHOAH) Fr)P 4% [ W il
B, 4l Re~3IM1~3TS6~P4 (cis:CHCICHO-H)
SLiBEP RS SRS

3 #Hig

RTTEIR T8 W, OCP)5 CH,=CHCI "] LI+
TANER, WA RPOEIE AT ROV, AR R R
¥ CH,CHO+CI, CH,CCIO+H 1 CHCICHO-+H. H:rf
£t Re~2IM 1~2TS1~P1 (CH,CHO-+CI)fjill i 75 1k
eI, 14 9.25 kImol. JTLL, OCP)5 CH,=CHCI 1
IV BEAE 5] CH,CHO-CI, b5 5z 45 LS 4.
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