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WE A ab initio JTIEBFFT CHy + OCIO K RLH) =TT 838 18 . 3 5650 UMP2(full) /6 - 31G(d, p) BB 3 &
B =9 P E Y R AN RAHBEMERAR RAERA MR BN ES B ERMB THE LB E. B
WHREYEE CHO + HOC BB AT RE R4 MR 1%, KB #A N 443.80 k- mol~'. AT B 9 5 iz 34 3% . CH, A0
OCIO B HESLE T 23R AE B~ FREFHY , % T8 3 SR L2 M HOC + H,CO.
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Ab initio Calculation on the Mechanism for the Reaction CH; + OCIO

ZHOU Xiao — Guo LI Jiang WANG Zhong YU Shu - Qin™ MA Xing - Xiao
(Open Laboratory of Bond — selective Chemistry, Department of Chemical Physics ,
University of Science and Technology of China, Hefei, 230026)

Abstract The three possible production channels for the reaction CH; + OCIO are studied by ab initio
calculations. Geometries of the reactants, products, intermediates and transition states are optimized at the
UMP2(full)/6 - 31G(d, p) level. The corresponding vibrational frequencies are calculated at the same level.
Based on the total energies calculated at the G2MP2 level, the reaction heats and activation barriers are
obtained. The computation resulis show that the production channel HOCl + H,CO is the most feasible
pathway, which is exothermic by 443.80 kJ*mol~'. It suggests that an activated intermediate is first formed
through a barrierless process in this reaction, and the intermediate will dissociate to HOCl + H,CO via a five-

center transition state.
Keywords methyl radical, chlorine dioxide (OCIO) radical, reaction mechanism, transition state
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ST B8 . Ab initio TS CHy + OCIO 2B B 7T §E3E 8 ~ 367

AT H T 2B AR P2 4058 B B A 2 Y RS
L ISR FTERN,
CH; + OClO — CH,0 + HOCI

AHy = —427 kJ-mol ™! (1)

CH; + OCIO — CH;0 + CIO

AHyg = —124 kJ*mol ™! (2)

CH; + 0OCIO — CH;0Cl + O

AHyg= —54 kJ*mol ! (3)
HEAWIEEREARARSH,HF X OCO A B #
5 CH; RIMHBEBHFR Z A AR LRIE.

AR ab initio J7¥EXT DA _E3X = AR L& E
BT T AR, R E K G2MP2 K
EHETEMMRMARALEE, S5 LRAT
T HBEMIE.

1 t&EAHE

A 9 M 3L B T VR #9 R 7E Gaussian 98 T2 1]
b SERL. 7E UMP2(full)/6 - 31G(d, p) I KF EX R
MY Ry IM AT S TS MBS TR

i ER—KF EHEEMNMERAR(BER TR
0.95), Ko , FESEBNE - NHREHREGCHE
i) FERBIR A ER B B 53 F A MP2/
6-311G(d, p), MP2/6 - 311 + G (3df, 2p) Fl QCISD
(T)/6-311G(d,p) FEH LI BER SRR . BE KR
G2MP2 #6748 5] CH, + OCIO S R 3 2 o g 46 2%
YW EEE. . FREBEBIER,BB& R NEER
RN ERBL2EHE.

2 HR5IE

2.1 REBENEEITHE

EBRIARMNBEETPHME BRE FHTIE,
CH; + OCION S p & 75 B B 5 9 S R B BB T b 4T
B R B R R R IM A A TS LA
A 1A, ENMERARSN TR LS. R2$
BHTHEHFHN G2MPR2 BfEE. 2BEBES, I
BR=APGETE(1),(2), G)BIRMH AHxd T
F3F . ET QMR EEHNMERSE R, TEF
B iR R BRI AT AR A, I 2 FiR
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0.107 0.151 I 0.171 0.122|
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EfFEREK (nm); SHEEREAC)
Fig.1 Opﬁnﬁzed geometries of various species, calculated at the UMP2(full) /6 — 31G(d, p) level
roman type represents bond length(nm) ; italic represents bond angles(°)
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&1 UMP2(full)/6 - 31G(d,p) 7k F L& KR4 . =0 . oh i) ¢ B i S A 08 PR S R
Table 1 The harmonic vibrational frequencies of reactants, products, intermediate and
transition state, calculated at the UMP2(full)/6 31G(d,p) level
ik ERFE/om
CH, 375(606)", 1417(1396) , 1417(1396) , 3081(3005) ,3269(3161) ,3269(3161)
0Clo 403,938, 1060
CH;0 798(653),949,1088(1047) , 1388(1362), 1405, 1507(1487) ,2917(2840) , 3003, 3031
CH;0C1 255,357,669,1010,1140,1160, 1432, 1456, 1493 ,2965, 3058 , 3090
ao 812(853)
H,CO 1159,1233,1510, 1706,2877,2951
HOCL 719,1232,3635
M 99, 168,257,399,504,979,1089, 1138, 1144, 1425, 1461, 1492, 2955, 3047, 3092
TS 192:°,102,278,300,497,997,1123,1141, 1158, 1438, 1440, 1484, 2650, 2965 , 3035
e B EE T4 0.95; b—{E S WBEN M8 ~ 101 HH M LR; — BTEHM.
R2 FREBILKF L8 85I (Hartree) FOHE XS SE I (KT mol 1)
Table 2 The total energies (Hartree) and relative energies (kJ*mol~})
of various species, calculated at the several theoretical level
L MP2/6 - 311G(d, p) MP2/6 - 311 + G(3df,2p)  QCISD(T)/6 - 311G(d, p) G2MP2 AE,
CH; + OCIO - 649.25736 - 649.48136 - 649.30982 - 649.56548 0.00
CH;0 + CIO - 649.32908 - 649.50965 - 649.40432 -649.61252 -123 .5}
CH;0Cl + O('D) - 649.22604 -649.40115 - 649.31447 - 649.51425 134.51
CH;0C1 + OC°P) -649.33510 - 649.50695 —649.39848 - 649.59500 -77.50
HOCl + H,CO —649.47027 - 649.65382 - 649.52436 —649.73402 -442.51
™ - 649.35468 - 649.57007 -649.41128 - 649.64871 -218.53
TS -649.35488 - 649.56200 ~649.41078 - 649.64385 -205.77
RI BREEERNREH( ml )
Table 3 Reaction heat of various reaction pathways(kJ+mol~!)
R yLE R AHw PPN
CH; + OCIO0 — CH,0 + HOC1 ab initio —-443.80 This work
experiment -427 XHRS]
CH; + OCIO — CH;0 + ClO ab initio -125.67 This work
experiment -124 CHR[S)
CH; + OCIO —~ CH;0C1 + O('D) ab initio 126.30 This work
CH; + 0OCIO — CH;0C1 + O(’P) ab initio -85.71 This work
experiment -54 C#R (5]

BT CH; BHENFEHWR (D, S8). Wik,
% 0ClI0 H A EHIE CH, A&, 0E T p B
T5 CEFLEMARES p B FRERS, £ B P E
¥ M. 29 ,C(1),0(2),C1(3),H(7) W R F 4 FF
—FHEA.TM 04)5 H(6O)EFZRERS AR
528, FHCAG) 0@ RRE X FEH. BRI A LR
AR, 218.53 kJemol . F I, IM B — 1M EREW

HEIY, AT LR B it — 5 R PR SR B = R R
BT (AR BB (1), (2), (3)]. BLF ¥ atix
=AM 8 E A FIE . '

2.1.1 @BHEDMHFE WNFE2HR,MBBER
HOCI + H,CO Wy FE R B # R BE , G2MP2 K F L3
BRI A 223.98 kI - mol ™', T M R B CH; +
OCIO — HOCI + H,CO By B(# K 442.51 kJ*mol . H
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2R, ZEEAFEE—TEFENHLER TS,
M IMBEEER 12.76 kKl mol . HEE M ES
e EY, xS BR S RAE.

100k 451 CHOHOD)
CHA0C0
or 00
- 7150 .
5 -100f e
g . e 12351 CHOKAO
2 200t M e S
= 285 AT,
E =300
-4001 HOCHHCO
o0l 251

B2 CHy+ OCIO W B E AR N A X L B E
Fig.2 The conventional diagram of the relative energy
for the reaction CH; + OCIO

A TS BJLMHE S, C(1),0(2),C1(3),
O(4)#1 H(6) A E T #4 i — 1 B T8 Bl #9634 .
AITHHTRNKNB/N, BEHER, X R AL 2R
M- ANEEFRE.ER 1P, IMA TS B4 E]
DLE BT R CI(3)—0(4) 8 C(1)—H(6)
A BN T K29 0.020 nm 1 0.003 nm.0(4) -+
R H(6) BT, EEX 0.192 nm, BHZRT
=4 HOCl H i O—H 84 0.097 nm. T H A 4% 1Y
ARALER B/ TR TS MR 5 R B BAE L, B —
AR BRI RS

BT H— SN RN ES TS MR, RAIE
UMP2(full) /6 — 31G(d, p) /K F E#4T T N B B A
FR(RC)HE . E3FHTHRRLEEM T ERKIE
R BRI AL P AR B AR IESE TS M2 St
R MBS A s =4.0 BF,C(3)—0(4)
SR NF] 0.168 nm, T 0(4)F1 H(6) 8] #Y BE & M
HE BN ZE =4 HOCL #4452 K 0.097 nm; . [{
B, C(1)—H(6)F1 0(2)—CI(3)48 K H 2 1 i , 3
B ATERARMHERES . HE M AERK
MBI S TS, EX — 3B, £ KEAA
KR, 0(4) T HE 858 H(6) R FIF 2L E
C(EF, £ 0(4)—H(6) 5, FatHImA
C(1)—H(5),C(1)—H(7)%%: C(1)—0(2) ek,
H P E 4T H,CO5 7 C1(3)—O0(4) B R B A
Eat,0(2)—CI(3) BT 3, B4 H,CO 1 HOCl &
WiorE.

2.1.2 #BEQ)HFE WE 2 iR, BRNER
BN T3 . G2MP2 Bt W i 8 R B #Ch
123.51 kJ-mol~'. &, IM f# B M CH;0 + ClO, 7%

W3 95.02 k] mol !, HIL Z MBI BE S K4 .
2.1.3 BHEG)HHTE MBARRERAR
Cl—O ®# 2, £ B CH0Cl + 0('D), X~ &
HIR A 353.04 kJ-mol ' AN 2 BN, Y B9 S BE
BETRNY M, Btz B R4 .
R, EE()5Q)RER MK EETY R

7%

24t
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3 RAEBE(DHBR/NERER
Fig.3 Minimum — energy path (MEP) for the channel(1)

2.2 EXRERNLLBRESH

mE 1R, BT CH H 4 OPLA(a,") IR
MBS BRITENBERARSCHNER
{08 100 A AR AR I X FROA FRATT I B LR K
[TEIEELR

SFEARMEE, B TFE N RN AR E
BIE )5 4> B R - 443.80, - 125.67 1 126.30 kJ
mol~1(4N 7 3 FFR). T Biggs ZU @ M8 A E
AHyog5Y B K - 427, — 124 F1 - 54 k] *mol ™!, BI P &
S5RIMGBINEYEERT EEEQG)FVHENE
2, EEFAREE N R AGE R, WSO (S ]ER
B 7 S R PR B R R O AT R B IR R B e E,
BRI NERFREER TSP IR RATHM
TZ=ZBSEETH G2V 8 &, BRI =YHEE
CH;0C1 + OCP)HR R K -85.71 kJ-mol ™!, 53X
RS MEHY BREFCESERTERELET
TR, ERETREAERE ARLHFE(LE
&), M=EAK CH,0C1 A RERR E 77 (B ECH
1), Bt LsE M 0CP).

RATIMPRM T EEELE (D). X1
LW Biggs ZUINW LR P EBIESL M F LR
e 49 5 — R R CH;0 + ClO, % BRI E5 CH; +
OCIO [ i 4 BB R (Bl 4 SE 2 AR R, F= Y i 1Bt —
BRI, BRI PR % IE % A L. Biges FHI LK
HIESE T RATH B
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3 Aig

MA ab initio LR T CH; + OCIO KM 1Y
EAAREE T . 7 G2MP2 BB K FB B T K Fh
BLRHA, IEIRIFR X SR, B3 =Y E
B (1),(2), (3) KRR F 2T RIS AE , #4435 K
443.80 kJ * mol™', 125. 67 kJ * mol ' #1 126.30 kJ -
mol ™!,

B ERIEE(DEREEN =Y EE. M
MLEI =4 CH,0 + HOCL ¥R 2 5 75 52 % vh gk
BlME, HTRMBARE, BOEEIREERE
TR XSS R TFES— SRS AIESE .
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