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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 Chemustry . Depantment of Chemical Physics ,
University of Science and Technologn of China, Hefe . 2300261

Abstract The three possible production channels for the reaction CHa + OCIO are studied by ab initio
caleulations. Geometries of the reactants. produeis, intenmediates and transition states are optimized at the
UMP2{full}) 76 — 31G(d,p) level. The corresponding vibrational frequencies are caleulated at the same level .
Based on the total energies calculated at the G2MP2 level, the reaction heats and activation harrters are
obtained. The computation results show that the produetion channel HOCl + HpCO is the most feasible
pathway, which is exothermic by 443.80 kJ-mol™". Tt 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 diexide { OCIO) radical . reaction mechanism. transition state
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i1 TR E LT 4l iE R RIS
T IR AT MR R ETEN,
CH, + OClO > CH,0 + HOCI

AHwy= —427 kj*mol ™' (1)
CH; + OCIO — CH;0 + ClO
AHyy= —124 kj mol (2)
CH, + OCIO — CH;0Cl + O
AHxg= —54 k] mol ™’ (3
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Fig.1 Optimized geometries of various species.calculated at the UMP2({ull)/6 - 31G(d, pJ level

raman type represents bond length{ nmJ ; italic represents hond angles( }
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1 UMP2{full) /6 - 31G{d, phkF_E B R W =40, ch Ak B S A )i IR
Table 1 The hammonic vibrational frequencies of reactants, products. intermediate and
transition state, caleulated at the UMP2( full )76 ~ 31G(d. p} level
kil ERECEom
CH, I75L606)0, 14174 1396) . 1417013961 3081030051, 3269 3161 1, 32601 3161 )
0Cl0 403,938, 1060
CH, O 798(653),949, 108! 1(47), 1388(1362) , 1405, 1507¢ J487 1, 2917( 2840) , 3003, 3031
CH;0C] 255,357,669, 1010, 1140, 1160, 1432, 1456 1493, 2065, 3058 , 3090
ule B12(853]
H,CO 1159,1233, 1514, 1706, 2877, 2051
HOCL 719,1X32,3635
k] 99,168,257,399,504 ,979, 1089, 1138, 1144, 1425, 1461 . 1492, 2955 3047 , 3092
TS 192,102, 278,300,497 ,997. 1123, 1141,1138, 1438, 1440, 1484 . 2650, 2065 , 135
a—{EIEEF % 0.95; b S MM YR8 - 10 RBEHTLMA; — HTHE.
%2 FREEiRAFEENWE DR Hartree ) FIHE S EER (L] mol ')
Table 2 The total energies { Harree) and relative energies (kJ+mol™')
of vanous species, calculated at the several theoretical level
Pk MP2/6 - 311G{d.p? MP2./6 - 311 + G{3df.2p)} QCISD(T /6 ~ 311G(d, p? G2MP: AEy
CH, + (C10 - 64925736 - 649 48136 ~ 649, 30932 - 649 56548 0.00
CH:0 + ClO - 649 .32008 ~ 649 50965 - 649, 40432 - 649 61252 ~113.5]
CH; OCL+ O¢ ' - 649 . 22604 - 649._40115 - 649, 31447 - 649 51425 134.51
CH,0C1+ 03P} - 640.33510 - 649 50695 ~ 649, 39848 - 649 59500 -T7.50
HOCI + HaCO — 64947027 - 640 65382 - 648 52436 - 649 73407 — 442 51
M - 549, 35468 — 649, 57007 - 640 41128 ~ 649, 64871 ~218.53
= - 649, 35488 - 649, 56200 - 649.41078 -~ 649 . 64385 -05.717
R3 L5 AHENREER (D ml )
Table 3 Reaction heat of various reaction pathways(k]-mol ')
FE hf 1L EE BT Al &% wk
CHy + OCI0 — CH,0 + HOC ud dnae - 443 .80 This work
experiment - 427 k(5]
CH; + OCI0 — CH;O + ClO ud lnitre ~ 125 .67 This work
experiment - 124 ik [s]
CH, + OC10 ~ CH;0C1 + O('D) ab Lt 126. 30 This wark
CHy+ OCI0 — CHOCL + 00P) ab utto ~85.71 This work
experiment - 54 wRELS.

T CHy B HE A FEHE (D, S 5. B,
£ 0C10 BAEEE CH; AREAN OF FH pH
FHCREFLEMAES p FRER S, L RPN
B IM.EP,C(1),0{2},.C1(3), H'NIET & FFH
—FHEM.T0(4)5 Hie)JEF2ZREMRY>FHE
. AG)—O04BRHETE. ERNELL
SR, 218 .53 Womol~ T A UL IM B~ ETRERY

PR TURE# S RERE . FE-FAH
B =B s [ AR AEAE 1), (2 (3 ] D F#af i
= R)EEE S RS

2.1.1 #HE(¥EHE WME2FHS MEELRN
HOCl + H,CO #53 & Bt = B, GaMP2 /K Eit
FAT IR A 223,98 kJ-mol "' T KA CH; +
OCI0 — HOCl + H;CO M B # % 442,51 k] mol ™. &
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Fig.2 The conventional diagram of the relative energy
for the reaction CH, + OClO
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MR TEE. s =408, Cl3)—0(4)
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R /N 4 HOCL H F i K 0.097 nm; . [/
B CUL—H{6) T O(2)—ClL{3 Y@ 4= 3 i, i
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PR ES TS EX 2B D, FBKELT
KA O ETHRAEEL HORTHEZEH
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$ RS T HoCOsfE CLH3—0(4) BE BTk
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Wi,

2.1.2 #EQeHHE A 2 B, xR RS
E—AXLd%. C2MP2 B T il Y &5 0 53k
123.51 kJ-mol ™' . EH ', IM BB CH;0 + ClO,F

M 95,02 klomel ™' \HBEZBEIBREEEE.
21.3 #BEOHHHE IMBOATELZEREW
Cl—O @#E 8, Ef CH;0CL + O('D), EX T8
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Fig.} Minimum - energy path { MEP) for the channel( 1)
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FIH ab initio K TR T CHy + 0OCIO LIV H
= T HEEIE . 7E GIMP2Z g KT LR E( T &40 F
LM HR RIREEEORE Fd R~ TE
B (D, MR LML E, JA 58
443,80 kl *mol "', 125.67 kJ-mol ' #1 126.30 kJ*
mol .

Bt EHR\AE(DREREEMYEE . T
TR CH,O + HOCl #1B%E B L+ s is
F.ME, A TRMRAEL, BB RREN K
BRI X FEH# - PSRN ERK .
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