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B3LYP/6-311G(d,p), MP2/6-311G(d,p) and CCSD(T)/6-313(2d,2p) (single-point) methods are employed

to investigate the doublet potential-energy surface of thid43,0 radical reaction. It is shown that the
quasi-direct hydrogen abstraction leading to produgi,& OH is kinetically much more competitive than
other dissociation or associatierlimination processes. Further higher-level CCSD(T)/6-8G{3df,2p)//
QCISD/6-311G(d,p)ZPVE calculation predicts this simple H-abstraction process to possess a classical barrier
height of 3.7 kcal/mol, which is larger than those for th¢d€H, and GH+CH, reactions. The calculated

rate constants of the direct hydrogen abstraction process indicate that the title reaction is very slow near room
temperature and may be of less importance than previously expected. Our results show theitthigCC

radical reaction is a normal quasi-direct hydrogen abstraction process in keeping with the Pélams

type correlation between tHe(295 K) value and the HX bond dissociation energy &XOH, H, CH;, and

C.Hs). However, our results are in sharp contradiction to the recent proposal based on the experimental
measurements that the title reaction is quite fast and may have an asseagitiination mechanism. This

calls for future experimental investigations of this radical reaction.

1. Introduction major GH-loss mechanism in hydrocarbon flames and would

become dominant in the postcombustion region. Furthermore,
we feel that if the reaction is as fast as indicated by the measured
rate constants, the title reaction should also play a very important

The ethynyl radical gH plays an important role in a variety
of fields. It is an important intermediate in fuel-rich hydrocarbon
combustion processkand as a dominant chain carrier during ) - S
the pyrolysis of acetylene at temperatures in excess of 1800ro|e n the_ d_gpletlon of g4 radical in interstellar space. .
K.23 1t is also one of the most abundant species in interstellar . The ab initio method has been a very powerful tool to assist

spacéand planetary atmospheté number of experimenté0 in experimental determination on chemical reactions and to
and theoretic?36 investigations have been carried out on the PF edict properties of reactions that are presently unknown or
rate constants or potential-energy surface (PES) of tie C difficult to conduct. For the title reaction, though the rate

reactions with a variety of neutral molecules such asGH;, consrt]ant.s Wllthlnt.”295451t K alre fk”?W\f/% the toktal :je?jcth[n
CoHy, CoHa, CoHe, CaHe, H,0. Oy, and NO, etc. mechanism is still uncertain. In fact, Van Look and Peeters

It has been show that for M, CHs, and GHes whose stated: “one must admit that there is reason to doubt that the
reaction mechanism is a direct h,ydrog’en abstrac’tion, there isC2H+H20 reaction (1) is a direct H-abstraction process and (i)

an empirical PolanytEvans type correlation between thé95 produpgs (oqu) eH; pl.us OH". I_n view of the observed
K) vaISe and the I?:X bond %?ssociation enerng(H_x).e'zi'he surprisingly high reactivity of gH with H,O and the potential
Dgx values are 103.3, 102.7, and 99 kcal/mol for=XH importance of this reaction in both combustion and interstellar

CHs, and GHs, respectively, while the corresponding rate processes, we decided to carry out a detailed theoretical
constantskssk) are (4-5) - 101318192.9. 10-122% and 3.6+ investigation on the potential-energy surface ofHgD to
1011 e molecule® s-115 The ,most exotherrr;ic reaction is ascertain its reaction mechanism. As can be seen in the text,

clearly the fastest. Then, the reaction o#HGwith H,0 should our r(_asqlts indicate that_the reacti_on is slow and of_th_e “normal”
be much slower than the above three reactions sincBgh, quasi-direct H-abs:tract|on type, in sharp contradiction to Van
value is 118 kcal/mol. However, recent experimental measure- Look and Peeters’s results.

ments by Van Look and Peetétsobtained very large rate
constants for this reaction with the expression (1.9 + 0.2)

- 10 Hexp[(—2004 30)/T(K)] cm3 molecule st within 295— Al structures of stationary points including minimum isomers,
451 K. The 295 K value is (9.5 1.0)- 10712 cm?® molecule? transition states, reactants, and products are calculated at the
s This indicates that the reaction obi with H,O is much B3LYP/6-311G(d,p) level. For some transition states, MP2/6-
faster than those with Hand even Cliand thus violates the  311G(d,p) calculations are performed. To obtain reliable ener-
Polanyi—-Evans type correlation. Van Look and Peeters proposed gies, single-point CCSD(T)/6-3#1G(2d,2p) calculations are
that instead of a direct H-abstraction process, the title reaction carried out at the B3LYP or MP2 geometries. The stationary
might proceed to form an initial complex that would facilely nature of various structures is confirmed by harmonic vibration
isomerize to CHCOH or HCCHOH, which may subsequently  frequency calculations, i.e., isomers possess all real frequencies,
dissociate to CHCO+H or GH,+OH. On the basis of their ~ whereas transition states possess one and only one imaginary
experimental data, Van Look and Peeters further suggested thafrequency. The zero-point vibration energies (ZPVE) calculated
the reaction of @H with H,O could be fast enough to be a at the B3LYP or MP2 level are included. To test whether the

2. Computational Methods
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obtained transition states connect the right isomers, intrinsic
reaction coordinate (IRC) calculations are carried out at the
B3LYP or MP2 level. For the H-abstraction reactionH3-H,0

— CyHo+OH, comparative QCISD/6-311G(d,p) and CCSD(T)/
6-311+G(3df,2p) (single-point) computations are carried out 1.0946
to obtain a more solid mechanism. All of the above calculations
are performed usinGaussian 987 Further, to give an estimate
of the rate constants of the H-abstraction reaction in comparison 1(Cx) 2(Cy)
with the experimental measureme®€LYRATES. & is used.

The theoretical rate constants are calculated using the conven-
tional transition state theory (TST), canonical variational transi-
tion state theory (CVT), and canonical variational transition state
incorporating the small-curvature tunneling correction (CVT/ Y o, L3100

121.404 108.618

1.0838 1.1068

108.618

1.0836 1.2325

1.1801 119.044  123.038

111.183 128338

120.862 130.784

SCT) method. All internal modes of the transitions states, 121436 129825 Ny
reactants, and products are treated as harmonic vibrations. ' DUI21)=218974
D(5123)= 10.294
. . D(6123)=189.090
3. Results and Discussions
3(Cs) 4(Cy

For the GH+H,O reaction, the potential-energy surface
C,H30 is involved. The structures of ;830 intermediate
isomers are shown in Figure 1. The structures of interconversion
and dissociation transition states are depicted in Figure 2. A
schematic PES of £130 is plotted in Figure 3. The total and
relative energies of various species are listed in Tables 1 and
Table 2, respectively. In addition, the total and relative energies 108.720
of the critical structurefR C,H+H,0, 10 HCC...Oh, TS10/ 0.9647
P1andP1 C;H,+OH at various levels are collected in Table
3, and their harmonic vibration frequencies are listed in Table 5(Cs) 6 (Cs)
4. Finally, the calculated rate constants for the quasi-direct
H-abstraction reaction at the MP2/6-311G(d,p) and QCISD/6-
311G(d,p) levels are given in Table 5.

3.1. Reactant and Productsin Table 1, the total energy of
the reactanR C;H+H0 is taken as zero for reference. Many
dissociation products are considered here. However, only
five products, i.e.,P1 (C,H,+OH), P2 (CH,CO+H), P3 0.9607
(HCCOH+H), P5 (CH3+CO), andP6 (HCCO+Hy), may be
thermodynamically possible, and these lie-at4.6, —35.0, 7(Cs) 8 (Cs)
—0.6, —78.8, and—30.9 kcal/mol, respectively at the CCSD-
(T)/6-311+G(2d,2p)/B3LYP/6-311G(d,p)}+-ZPVE level. For
simplicity, the energies are all at this level unless specified in
the following discussions. The remaining products lie much
higher (more than 24 kcal/mol) above reactBnand will not
be considered in later discussions.

3.2. Intermediate Isomers.Ten GHsO isomers are obtained
as minima. The lowest energy isomerlisCH3;CO, at—77.5
kcal/mol. The second and third lowest-lying specsCH,-
CHO (1) (=70.1 kcal/mol), and, CH,CHO (Il) (—47.5 kcal/

128.069

137.788 120.256
1.0749

124.041

22883
172,536 et
(7sg1y L2ns (26322
[177.953] (1.1810) X83‘6°7

0.9658
(0.9602)
[0.9596)

[1.2172] (79.969)

[78.180]
1.0646

(1.0632)
[1.0666]

140.358 104.325- o
(138.552) (102.181)

(47104 [102594L 0 o oo

(0.9601)
[0.9596]
114.484
D(4213)=173.210(151.300)[140.831]

D(4231)=110.162 D(5421)= 67.055 (51.365)[54.567]

mol), are a pair of resonant isomers with two valence structures. D(3213)- 98.406 D(6452)=81.366 (77.398)[74.651]
Isomer2 in A" state with a &0 double bond is about 22.6 Pz

kcal/mol lower than isome8 in 2A’ state with a G-O single 9(Cy) 10(Cy

bond. The energy difference betwe2rand 3 is in excellent 103.753
agreement with the experimental value 0.99 eV (i.e., 22.83 kcal/ 10640 12022 Shopist
mol).3° Isomer2 can be viewed as an addition product between 88223 H;gg {104.51)

HCO and CH radicals, whereas isomed can be formed i SN {1217} d (©.9050)
between the gz and O radicals. It should be pointed out that [{%995577551}
a number of experimental and theoretical investigations have 10629 11981

been published on the three isomers concerning their structures (ool (13000 Goten

and dissociation mechanisms (see Osborn ®taid references @él-ow}@ D, W ) 6 [0-96941@

cited herein).

Isomer 4, CH,COH, can be seen as formed between the Figure 1. Optimized structures of £1;0 isomers at the B3LYP/6-
H,C=C and OH radicals. It is also very low-lying at46.0 311G(d,p). The structures of the fragment$HCH,O, CH, and OH

S . . are also given. The values in parentheses, square brackets, and curly
kcal/mol and lies just 1.5 kcal/mol above ison2efrhe isomers brackets{}, are at the MP2/6-311G(d.p), QCISD/6-311G(d.p), and

5—8are four cis and trans forms labeled by HCCHOH (1), (I1),  experimental level, respectively 48 structure from Bogey et &kand
(), and (IV), respectively. All can be formed via the direct c,H, and HO structures from Lid®). Bond lengths are in angstroms
addition of OH radical at one carbon site of the acetylegid.C and angles are in degrees.
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Figure 2. Optimized structures of £1;0 transition states at the B3LYP/6-311G(d,p), MP2/6-311G(d,p) (in parentheses), or QCISD/6-311G(d,p)

. 105, No. 35, 2001

D(4123)=11.071
D(5123)= 72.008
D(6213)=148.273

TS1/4(Cy)

97293 1.1385

1.0826

114.523

D(4123)= 59.099
D(5123)=179.397
D(6213)= 60.323

TS1/P5 (Cy)

824047 47261
L1016

D(4231)=123.664
D(5213)=106.218
D(6123)=138.750

TS2/9 (Cy)

®

19670
171.041 ;
1.2094 "

1.0614 91.858

168.657 1.3135

108.714
0.9670

TS8/P3 (Cs)

1y

D(4231)=(110.120)
D(5321)=(96.208)
D(6123)=(107.689)

TSO/P, (Cy)

162.312

1.3081

140,030 . 109,106
125282 ( 09767

p@213)-171533 1228
D(5421)=148.681
D(6421)= 15.068 @

TS10/P3 (Cy)

(1.0638)
[1.0668)

163.441@

1.0616

166.050

D(4321)=113.175
D(5123)=151.081
D(6123)=33.003

TS4/P5 (C,)

166.469
1.0632
1.0634

174.939 104338 "+ 2.1307

.
v

96.463

D(4213)=173.540
D(5123)=3.271
D(6123)= 48.433

0.9709

TS5/P, (Cy)

10775 137.613 120.609

1.0963

108.722
1.3856
0.9628
D(4213)=176.019

D(5123)=92.426
D(6123)=176.138

TS7/8 (Cy)

161.246  121.183

D(4231)=112.646
D(5321)=98.866
D(6123)=180.000

TS9/9 (C))
169.733 12174
(178208) (1774
[179.917]

[12144]
14767
(1.4746)

E397T] y2174

(11774

(176.534)

134.012
[170.893] (132.857)%[10700}

161
;o (101.119)

[146.407]

D(4213)=173.745(18.173)[6.277] i~ [100.828]
D(5421)= 8.298(160.762)[161.706] @—@
D(6542)= 67.760(63.078)[54.259] 0.9690

(0.9665)
[0.9660]
TS10/P; (Cy)

®~\0.9019

’ 3423\ 112.624 174,178

1.2972
131.627

1.0739 D(4123)=49.673
D(5123)=159.483
D(6412)= 95397

TSP,/Ps (Cy)

(in square brackets) levels. Bond lengths are in angstroms and angles are in degrees.

Ding et al.

122.153

1.0780

139.841 123212

108.448

D(4213)=176.285
D(5321)= 88.305
D(6123)= 1232

TS5/6 (Cy)

0.9631

(150.479)

(1.0773)
- osen) + (1.6090)
e (105850
(L5086 (74 567)
) A 0.9713)

“(1.1670)
D(4213)=(173.745)
D(5321)= (99.696)
D(6321)=(1.879)

TS6/R (Cy)
i .‘)907,,"
173.492 4

1.2081
1.0612

166.915
1.3081

TS7/P; (Cs)



Is the GH+H,O Reaction Anomalous?

40

TS4/10.4 H

20— @14 f

---------

(=]
|

W 'Ts4/1>,,"“

-20- 7 (-15. 1)

A'E ( Kcal/mol )

-40-

-60—

-80-

\\\\\\

ne TS7/8 ;
3 ( -37.9)

(-70.1)
CH,-CH=0

J. Phys. Chem. A, Vol. 105, No. 35, 2008209

[
TSP, - -30.9)
(27 4) \ (-35.0) HCCO+H,

CH,CO+H

(-42.1) (-39.9)
CH=CH-OH

______________ ("_s) CH;+CO

CH,=CH-O

Figure 3. Schematic potential-energy surface gHgO at the CCSD(T)/6-31tG(2d,2p) level.

TABLE 1: Total 2 and Relative® Energies of the GH3;0 Reactant, Products, and Isomers at the B3LYP/6-311G(d,p) and
Single-Point CCSD(T)/6-31%#G(2d,2p)//B3LYP/6-311G(d,p) Levels

species B3LYP/6-311G(d,p) CCSD(T)/6-31®(2d,2p) CCSD(T)/6-311G(2d,2p)+-ZPVE
R C,H+H0 —153.076 906 4 (0.0) —152.749 855 9 (0.0) (0.0)
P1 C,Ha+OH —153.109 225 2420.3) —152.773 071 0414.6) (14.6)
P2 CH,CO+H —153.149 908 6 45.8) —152.801 861 0¢32.6) (35.0)
P3 HCCOH+H —153.089 637 5¢8.0) —152.747 136 2 (1.7) ~0.6)
P4 cOCCH+H —153.043 845 8 (20.7) —152.703 832 1 (28.9) (26.8)
P5 CH;+CO —153.199 992 9(77.2) —152.864 601 3{72.0) (78.8)
P6 HCCO+H, —153.148 470 9{44.9) —152.793 031 427.1) (30.9)
P7 ICH+HCO —153.030 952 9 (28.8) —152.693 378 2 (35.4) (31.6)
P8  3CH,+HCO —153.051 066 3 (16.2) —152.710 971 2 (24.4) (21.0)
P9 1CH+HOC —152.963 966 8 (70.9) —152.628 312 4 (76.3) (72.7)
P10  SCH,+HOC —152.984 080 2 (58.2) —152.645 905 4 (65.2) (62.0)
P11  CHs+!O —152.910 280 7 (104.6) —152.592 124 4 (99.0) (99.6)
P12  C,Hs;+%0 —153.012 406 9 (40.5) —152.675 706 0 (46.5) (47.2)
1 CH;CO —153.226 767 7{94.0) —152.880 855 5¢82.2) 77.5)
2 CH,CHO (1) —153.216 862 1{87.8) —152.868 410 774.4) 70.1)
3 CH,CHO (Il) —153.182 953 5{66.5) —152.832 739 452.0) (47.5)
4 CH,COH —153.176 990 2{62.8) —152.830 476 950.6) (+46.0)
5 HCCHOH (1) —153.166 890 7{56.5) —152.821 863 4(45.2) (+40.7)
6 HCCHOH (I1) —153.163 191 2{54.1) —152.819 308 9(43.6) +39.4)
7 HCCHOH (lII) —153.163 575 8(54.4) —152.820 203 6(44.1) (+39.9)
8 HCCHOH (1V) —153.169 023 1{57.8) —152.824 049 346.6) +42.1)
9 H-cCOCH —153.156 382 1{49.9) —152.809 052 5¢37.1) +31.9)
10 HCC...OH —153.091 475 449.1) —152.752 129 4<1.4) (1.0)

2|n atomic units.” In kilocalorie per mole. Shown in parentheses.

The four isomers are energetically low-lying with the corre-
sponding relative energies being40.7, —39.4, —39.9, and

—42.1 kcal/mol. Isome® possesses a CCO three-membered
ring structure with two H located on one C and one H on the

This indicates that isomdiO is truly a stationary structure and
is quite unstable toward decomposition even at 0 K.

3.3. Potential-Energy Surface Feature of C2H30.To
obtain a detailed mechanism of theHz-H,O reaction, we

other C. It lies higher than the former chainlike species, yet search for various isomerization or as many as possible

still at —31.9 kcal/mol. Isomed O is in fact a weakly bound
structure between the,B radical and the polar ¥0 molecule.

At the CCSD(T)/6-311+G(2d,2p) single-point level without
ZPVE correction, it lies just 1.4 kcal/mol below the reactBnt
However, inclusion of ZPVE lays it even 1.0 kcal/mol above
R. In fact, further higher-level CCSD(T)/6-3315(3df,2p)//

QCISD/6-311G(d,p) calculation, as can be seen in Table 3,

confirms the existence of the weakly bound complig
although it is just 0.6 kcal/mol belo® with ZPVE correction

dissociation transition states to connect the 10 isomers. Figure
3 represents a schematic PES gHEgD. By means of the depth
of the potential well that the isomers reside in, we can then
discuss their kinetic stability.

The kinetic stability of the lowest-lying isomet,(CH3;CO),
is governed by its dissociation to Gldnd CO vial S1/P5with
the dissociation barrier of 12.9 kcal/mol. Its H-elimination to
P2 (CH,CO+H) needs 46.3 kcal/mol, whereas its isomerization
to isomer2 (CH,—Ch=0) via 1,2 H-shift and to isome¥ (CH,-
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TABLE 2: Total 2 (a.u.) and Relativé Energies of the GH3O Transition States at the B3LYP/6-311G(d,p) and Single-Point
CCSD(T)/6-31H-G(2d,2p)// //B3LYP/6-311G(d,p) Levels

species B3LYP/6-311G(d,p) CCSD(T)/6-326(2d,2p) CCSD(T)/6-31£G(2d,2p)-ZPVE
TS1/2 —153.150 590 246.2) —152.797 421 829.8) 28.1)
TS1/4 —153.091 752 549.3) —152.741 654 6 (5.1) (5.2)
TS1/P2 —153.150 575 8446.2) —152.797 459 0429.9) 31.2)
TS1/P5 —153.196 237 7474.9) —152.855 181 2466.1) (-64.6)
TS2/8 —153.113 240 9{22.8) —152.761 938 0¢7.6) (-6.5)
TS2/9 —153.131 527 5¢34.3) —152.782 561 8420.5) ¢17.1)
TS2/P2 —153.143 547 4441.8) —152.791 592 5426.2) 27.4)
TS3/4 —153.119 735 0426.9) —152.767 901 7411.3) 12.0)
TS4/5 —153.087 978 2{6.9) —152.739 204 3 (6.7) (7.0)
TS4/6 —153.091 355 449.1) —152.743 447 2 (4.0) (4.8)
TS4/10 —153.052 459 8 (15.3) —152.706 442 7 (27.2) (27.4)
TS4/P2 —153.130 063 4433.4) —152.771 335 2413.5) 15.1)
TS4/P3 —153.089 448 6{7.9) —152.742 859 3 (4.4) 2.7
TS5/6 —153.158 514 1£51.2) —152.815 916 2441.5) 37.7)
TS5/P1 —153.113 955 3423.2) —152.770 813 8413.2) -11.9)
TS6/Re —152.706 630 2 (27.1) (29.1)
TS7/8 —153.158 512 9¢51.2) —152.816 033 9£41.5) 37.9)
TS7/P3 —153.088 772 647.4) —152.742 385 3 (4.7) (3.4)
TS8/P3 —153.085 584 445.4) —152.739 534 0 (6.5) (5.1)
TS9/9 —153.146 375 6£43.6) —152.798 146 6430.3) 26.1)
TSO/P# —152.704 682 4 (28.3) (27.2)
TS10/P1 —153.085 659 6{5.5) —152.740 329 2 (6.0) (5.5)
TS10/P3 —153.049 134 2 (17.4) —152.697 134 6 (33.1) (31.6)
TSP2/P6 —153.135 251 9{36.6) —152.776 224 3{16.5) 20.2)

2|n atomic units® In kilocalorie per mole. Shown in parenthesé$or TS6/R and TS9/P4 the MP2/6-311G(d,p) geometries are used for
single-point calculations.

TABLE 3: Total, @2 Zero-point Vibration, 2 and Relative® Energies of R, 10, TS10/P1, and P1 at Various Levels
levels R, C;H+H0 10, HCC...OR TS10/P1

B3LYP/6-311G(d,p) —153.076 9064 (0.0) —153.091 475 449.1) —153.085 659 6{5.5)
CCSD(T)/6-313G(2d,2p)// B3LYP/6-311G(d,p) —152.749 8559 (0.0) —152.752 129 4{1.4) —152.740 329 2 (6.0)
CCSD(T)/6-313G(3df,2p)// B3LYP/6-311G(d,p) —152.797 6785 (0.0) —152.800 381 741.7) —152.789 0450 (5.4)
ZPVE/B3LYP/6-311G(d,p) 0.035 442 (0.0) 0.039 207 (2.4) 0.034 632%)

MP2/6-311G(d,p) —152.642 7800 (0.0) —152.649 059 043.9) —152.636 149 5 (4.2)
CCSD(T)/6-313G(2d,2p)/l MP2/6-311G(d,p)  —152.747 7900 (0.0) —152.750 774 641.9) —152.737 554 5 (6.4)
CCSD(T)/6-311-G(3df,2p)// MP2/6-311G(d,p) —152.795 6581 (0.0) —152.798 889 6(2.0) —152.786 478 6 (5.8)
ZPVE/MP2/6-311G(d,p) 0.039 422 (0.0) 0.041 606 (1.4) 0.038 3427)

QCISD/6-311G(d,p) —152.685 737 7 (0.0) —152.691 188 743.4) —152.676 538 3 (5.8)
CCSD(T)/6-31%G(3df,2p)// QCISD/6-311G(d,p) —152.797 713 4 (0.0) —152.800 927 042.0) —152.788 558 9 (5.7)
ZPVE/QCISD/6-311G(d,p) 0.0365 84 (0.0) 0.0388 91 (1.4) 0.033 465Q)

2|n atomic units? In kilocalorie per mole. Shown in parentheses.

P1CH>+OH

—153.109 225 2420.3)
—152.773 071 0414.6)
—152.821 757 5415.1)
0.035 417 (0.0)
—152.684 142 6426.0)
—152.773 303 0£16.0)
—152.821 926 3416.5)
0.035 2992.6)
—152.713 4831¢17.4)
—152.822 0029+15.2)
0.035 289-0.8)

COH) via 1,3 H-shift needs high barriers of 49.4 and 82.7 kcal/ be seen from Table 2, the direct dissociation 2fto P8

mol, respectively. Isomet (CH,—Ch=0) lies in a much deeper  (3CH,+HCO) and3 to P12 (C;H3+20) is almost impossible
potential well stabilized by the barrier of 42.0 kcal/mol for1 due to the large barriers of 91.1 and 94.6 kcal/mol, respectively.
conversion and 42.7 kcal/mol for the dissociation2ofo P2 The isomerd CH,COH has seven conversion channels. Via
(CH,CO+H) via TS2/P2 Isomerization oR to the isomers, 1,2 or 1,3 H-migrations} can isomerize td (CHs;CO), 3 (CH,-
HCCHOH (IV), and9 (H—cCOCH) need to overcome even CHO (Il)), 5 (HCCHOH (l)), 6 (HCCHOH (l1)), and 10
higher barriers (63.6 and 53.0 kcal/mol). Only one transition (HCC...OH) with the barriers of 51.2, 34.0, 53.0, 50.8, and
state,TS3/4, associated with the valence ison3giCH,=CH— 73.4 kcal/mol, respectively. It can also take direct H-elimination
O) is obtained. Ther3 is separated by a considerable barrier processes t®#2 (CH,CO+H) and P3 (HCCOH+H) with the
35.5 kcal/mol from conversion to the isomér(CH,COH), corresponding barriers of 30.9 and 33.3 kcal/mol. Surely, the
which has comparable relative energy3tdt should be noted 4—3 conversion with the barrier of 34.0 kcal/mol governs the
that in a recent theoretical investigation by Osborn et’ahe kinetic stability of isome#.

dissociation transition state @ to P2 (CH,CO+H) was not There exist very small barriers for interconversion between
located. Instead, they found a transition sta&3/P2 (in C, the cis-trans isomers HCCHOH and6 and betweer? and8.
symmetry) connectin@ and P2, which cannot be obtained at  The barriers are 3.0, 1.7, 2.0, and 4.2 kcal/molSer6, 6—5,

both B3LYP and MP2 levels in this paper. Any optimization 7—8, and8—7 conversions, respectively. This is understandable
of TS3/P2would inevitably lead ta S2/P2 which is confirmed since the OH bond just rotates along the @ single bond. On

by IRC calculations. Interestingly, as shown in Figure 1, the the other hand, we are not able to locate the transition state

CC bond length (1.3313 A) 6fS2/P2is almost the same as
that (1.3364 A) of isome8, while its CO bond length (1.1630
A) is closer to that (1.2325 A) of isom@rthan to that (1.3109
A) of isomer1. Also, we preliminarily hope to find a transition
state linking3 and the isome8, HCCHOH (1V). However, it

often leads td'S2/8, asconfirmed by IRC calculations. As can

between5 and8, 6 and7, 5 and7, and6 and 8. We suggest

that even though these transition states exist, larger barriers are

needed due to the hindrance of rotation alorgdouble bond.
Despite the easiness of interconversion betwgemd 6 and
betweer7 and8, isomerization to other isomers or dissociation

to fragments is quite difficult. The conversion barriers3or4,
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TABLE 4: Harmonic Vibration Frequencies (cm~1) and Infrared Intensities (kml/mol) of the Critical Species CH, H,0, 10,
TS10/P1, GH,, and OH at Various Levels and[$?[Values at B3LYP and MP2 Levels

species [F00  levels harmonic vibration frequencies (infrared intensities)
CoH 0.77 B3LYP  328(4) 329 (3) 2089 (6) 3463 (55)
1.05 MP2 838 (16) 838 (16) 2471 (9) 3577 (59)
QCISD 473 (6) 473 (6) 2043 (4) 3486 (52)
expt?d 372 372 1840 3298
H-0 B3LYP 1639 (58) 3808 (4) 3905 (25)
MP2 1669 (51) 3902 (6) 4010 (33)
QCISD 1689 (51) 3900 (4) 3994 (23)
exptP 1595 3657 3756
10 0.77 B3LYP 30 (34) 78 (4) 271 (68) 427 (10) 451 (250) 612 (49) 618 (34) 1618 (64) 2014 (34) 3449 (50) 3772 (52) 3869 (77)
1.04 MP2 93 (13) 97 (50) 119 (55) 327 (9) 357 (352) 839 (31) 855 (23) 1665 (55) 2471 (3) 3575 (67) 3880 (20) 3985 (53)
QCISD 62 (1) 88(39) 116 (44) 311 (12) 333 (328) 553 (32) 560 (19) 1684 (57) 2036 (3) 3483 (52) 3876 (26) 3970 (38)
TS10/P1 0.76 B3LYP  747i(33) 97 (12) 150 (44) 357 (44) 602 (62) 626 (81) 685 (63) 1400 (62) 1925 (58) 2137 (295) 3439 (18) 3785 (94)
1.01  MP2 1082i (405) 107 (10) 143 (35) 336 (49) 600 (137) 874 (27) 892 (29) 1464 (29) 2304 (826) 2661 (67) 3591 (97) 3856 (96)
QCISD  1638i(1276) 110 (11) 130 (1) 356 (27) 565 (114) 628 (58) 652 (38) 1169 (101) 1642 (438) 2106 (8) 3483 (63) 3848 (67)
CoH> B3LYP 643 (0) 773 (96) 2070 (0) 3420 (88) 3523 (0)
MP2 561 (0) 769 (89) 1970 (0) 3461 (92) 3551 (0)
QCISD 577 (0) 774 (88) 2024 (0) 3438 (80) 3536 (0)
exptP 612 730 1974 3289 3374
OH 0.75 B3LYP 3701 (6)
075 MP2 3852 (11)
QCISD 3790 (4)

aFrom Temsaman and Henn&n? From Lide#?

TABLE 5: Rate Constants (cm® molecule™® s71) for the C,H+H,O Reaction within the Temperature Range 26-4500 K

T (K) TST? CvTa CVT/SCT TSTP CVT/SCT exptd CVT/SCT
20 1.61-10°4° 1.44-1074° 5.59-10°1° 2.44-10°% 5.88-10°1°
30 4.27-10°% 3.95-10°% 3.31-10°%° 2.61-10°% 4.41-10°1°
40 6.22-10°% 5.88-10°% 2.36-10°1° 2.42-10°% 3.81-10°%
50 295107 2.82-10% 1.89-10°% 5.51-103 3.65-10°1
60 8.11-10°% 7.84-10°% 1.64-10% 6.01-10°% 3.79-10°%
80 8.87-10% 8.68-10 % 1.44-10°% 5.53-10 % 4.96-10°1°

100 5.87-10°2° 5.79-10°% 1.46-10°% 2.54-10% 6.32:10°%® 7.81-10°%
120 9.6810°1° 9.6-10°% 1.62-10°% 1.52-102 2.54-107%8 1.35-10°%4
150 1.6310Y 1.62-10°Y7 2.18-10°1% 9.33-10°% 1.25-10°Y7 3.12-10°
178 9.88 107 9.86- 107 3.18-10°1° 1.27-10718 4.07-10°Y7 6.31-10°*
180 1101016 1.10-10°16 3.27-10°1% 1.49-10°%8 4.43-10Y 6.60- 104
191 1921016 1.92-10°%6 3.85-10°1° 3.33-10°%8 6.68- 107 8.44-10°
213 4.98 10716 4.97-1071¢ 5.38-10°1% 1.31-10°Y 1.41-10°16 1.32-10°18
215 5.38 10716 5.38-10°16 5.55-10°1° 1.47-10°Y 1.52-10°%6 1.37-10°%8
228 8.64 1071¢ 8.63-10716 6.77-10°1% 2.89-10°Y 2.27-1071% 1.73-10°18
293 5.17-10°1° 5.17-10°% 1.73-10°% 3.67-10°16 1.23-10°% 4.54-10°13
295 5.4010°'° 5.40-10°% 1.77-10% 3.91-10°% 1.28-10°15 9.50-10°*? 4.60-10713
298 5.76 10°1° 5.76-10° % 1.85-10 4.28-10°1¢ 1.37-10°% 9.70- 1012 4.76-10°13
332 11210 1.12-10%4 2.82-10° 1.09-10°% 2.74-10°% 1.09-10 %

351 15510 1.55-10%4 3.52-10° 1.70-10°% 3.86-10°1° 1.06-10 %

385 2581014 2.58-10° % 5.07-10 3.45-10°15 6.88-10°1° 1.09-10%

431 463104 4.62-10°1 7.88-10°1 7.67-10°1 1.31-10°% 1.19-10%

451 5.80 1014 5.78-10° % 9.39-10 4 1.04-10%4 1.68-1014 1.26-10%

500 9.46 10714 9.43-10°% 1.39-10°% 2.01-10°* 2.95-10°% 2.43-10°%2
660 3.151013 3.13-10°18 3.89-10°12 9.74-10°%* 1.20-10°13 4.78- 10712

1000 15310 1.52:10°%2 1.65-10% 7.06- 1013 7.62:10° 1 1.11-10%

1500 6.1910 12 6.19-10 12 6.22-10°12 3.69-1012 233101

2000 158101 1.55-101 1.50-10% 1.07-10% 4.01-101

2200 213104 2.09-10°% 2.01-10°% 1.50-107% 4.79-10°1¢

2500 317101 3.09-10°% 2.94-10°11 2.33-10°% 6.32-10°1

2580 350101 3.40-10°1 3.23-101 2.59-10°1 6.87-10° 11

2800 449101 4.34-10°11 4.12-101 3.41-10% 8.10-10°%

3000 554101 5.33-10°1 5.05-10°1¢ 4.28-101 9.43-10°11

3200 6.7310° 1 6.45-10° 6.11-10°1* 5.28-10°% 1.09-10°10

3500 8.7910 1 8.38-10°1* 7.94-101 7.04-10°1 1.32:10°%0

3800 1121010 1.06-10 11 1.01-10°%0 9.14-10°% 1.59-10°10

4000 1.3010°% 1.23-10°% 1.17-10°% 1.07-10°%0 1.78-10°%0

4500 1.8310°%0 1.73-10°1 1.64-10°%0 1.54-10°%0 2.30-10°%

a At the MP2/6-311G(d,p) leveP At the CCSD(T)/6-31%G(3df,2p)//QCISD/6-311G(d,p) level The CCSD(T)/6-311G(3df,2p)//QCISD/6-
311G(d,p) k(TST) values multiplied by the scaling fact&usriscrykrst) obtained at the MP2/6-311G(d,p) leveExperimental values for the
C,H+H,0 reaction from Van Look and Peetéfse The italic values are theoretical for theHG+H, reaction from Zhang et &°.

5—P1, 6—4, 6—R, 7—P3, 8—2, and 8—P3 are very large: (cOCCH+H) needs 59.1 kcal/molTS9/9 is associated with

47.7, 38.8, 44.2, 69.5, 43.3, 35.6, and 47.2, respectively. the automerization oB. The weakly bound isomet0 can
The cyclic isomeB (H-cCOCH) is stabilized by at least 14.8  dissociate tR (C;H+H>0) with no barrier. The dissociation

kcal/mol for 9—2 conversion. lIts direct dissociation t®4 of 10 to P1 (C,H,+0OH) andP3 (HCCOH+H) needs 4.5 and
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30.6 kcal/mol, respectively, whereas isomerizatiod {&CH,- culations are carried out for the critical structuResl0, TS10/
COH) needs 26.4 kcal/mol. P1,andP1 at the MP2/6-311G(d,p), QCISD/6-311G(d,p) and
From the above discussions, we can see that the isdné&s CCSD(T)/6-31#G(3df,2p) (single-point) levels so as to obtain
have considerable kinetic stability of more than 30 kcal/mol the dynamic properties and rate constants of this process. As
(the easy interconversion betweeand6, and7 and8 indicates shown in Figure 1, the computed 6-311G(d,p) B3LYP, MP2
that all four isomers may coexist). The lowest-lying isonier, and QCISD structures of £, H,O, and GH; are in close
has relatively much lower kinetic stability. It should be pointed agreement with the corresponding experimental véhfs
out that although the relative energyR6 (HCCO+Hy) is very except that the CC bond length, 1.1784 A, oHCat the MP2
low (—30.9 kcal/mol), we are not able to locate ang-H level is considerably shorter than the experimental value, 1.217
elimination transition states of the isomér2, 6 and7 despite A4 This may partly result from the relatively high spin
many attempts. Since such processes may involve complex bonctontamination of the ¢ radical as shown in Table 4, i.e., the
rearrangement, higher barriers are expected to exist for these<s2> value is 1.05 and 0.77 at the MP2 and B3LYP levels
than for the single H-elimination process. Thus, absence of these(<s2> is 0.75 for a pure doublet state), respectively. For the
Hz-elimination transition states may not affect the kinetic speciest0andTS10/P1, the <S?> values are 1.04 and 1.01 at
stability of the GH3O isomers. As a secondary reaction, we the MP2 level, and 0.77 and 0.76 at the B3LYP level,
locateTSP2/P6that is associated with the H-abstraction between regpectively. The CC bond lengths withl® and TS10/P1at
CHCO and H inP2 to give HCCOHH: in P6. the MP2 level are also significantly shorter than those at the
3.4. Reaction MechanismOn the basis of the PES 05830 B3LYP and QCISD levels. The QCISD method is known to
as shown in Figure 3, let us discuss the mechanism of the have much less spin contamination. So, we do not decide to

C2H+H:0 radical reaction. As discussed in section 3.1, five calculate the real QCISBS?> values for these doublet species
products P1 (CoH,+OH; —14.6),P2 (CH,CO+H; —35.0),P3 due to the expensive computational cost.

(—|_|3c(:)C§|_;Fr|;;e_r\(;.t‘fjg)élficsza(llcl:;'gﬁcc):v%d_736?/?/@2?31‘?(5::10!:(?&223; we _As shown in Table 4, the calculated B3LYP, MP2, and
can see that starting from the reactRnthere are no barrierless QCISDlIhQrmonlcz1V|brat|onal freqt:jenhues oﬁ(BI.argiWQth e;]re
reaction pathways to form the five products. generally in goob fagr%%/me;] t V\t/rl;[ ée gxpelrltr;: mlt It te d

. . ) i . maximum error being 8%. For the,@ radical, the calculate
u TW(.) Ig.lndst”of rza‘t‘(.:tldqn c?gnr?els erlsgrfr? r this rez@tlortl, r;]amel)ll C—C stretching and €H bending frequencies deviate consider-
quasi-cirect-and indirect’ channels. The quasi-direct channe ably from the experimental valu&sby about 14% and 12%

includes the following two pathways. Path R (0.0)—10 (
o , B3LYP), 34% and 125% (MP2), and 11% and 27% (QCISD),
(1.0)~TS10/P1 (5.5)~P1 (~14.6). Path 2:R (0.0)~10 respectively. Surely, the MP2 method predicts the worst results

(1.0>TS10/P3(31.6)—>P3 (—0.6). The values in parentheses . )
are single-point CCSD(T)/6-3#1G(2d,2p) relative energies for the GH rad!cal. ForTSlO/Pl bo.th BS.LYP and M.P2 prgc_hct .
much smaller imaginary frequencies with weaker intensities (in

taken from Table 2. Except the very unstable com@dléxno . : .
intermediate is involved. Path 1 is associated with a hydrogen parentheses), i.e., 747i ci(33 km/mol) and 1082i et (405

atom transfer from bD to the GH radical. Then, Path 1 is km/mol), respectively, than t_he Q_C|SD value, 1638“_}@276
also named a “quasi-direct H-abstraction process”. Path 2 is aXM/mol). The very large imaginary frequency with strong
quasi-direct concerted associatieglimination process. mfrar_ed intensity at the QCISD level is associated with the
The indirect channel involves complicated pathways that may coor51$|dle Ba%)é S/Stlotrrt]er Ctr(12H(4) bond é}.SgégLé)Panld 43534? d
lead to various products. Yet, the initial steps are the following ©) (1. ) than the corresponding (1. an

two pathways. Path 3R (0.0)—~10 (1.0~TS4/10 (27.4)~4 1.2174 A) and MP2 (1.4746 and 1.1774 A) values. Thus, the
(—46.0). Path 4:R (0.0)~TS6/R (29.1)~6 (—39.4). Subse- QCISD method predicts a much tighter transition state than
quent isomerization or dissociation may then form the five B3LYP and MP2 do.
products. Both pathways involve at least one low-lying or At the single-point CCSD(T)/6-31G(3df,2p) level using
kinetically stable intermediate. So they are also generally called the B3LYP/6-311G(d,p), MP2/6-311G(d,p), and QCISD/6-
“associatior-elimination processes”. 311G(d,p) geometries with the corresponding ZPVE correction,

Simply from the relative energies of the rate-determining 10almost has the same energyRas.e., at 0.7,-0.6, and—0.6
transition state§S10/P1(5.5), TS10/P3(31.6), TS4/10(27.4), kcal/mol, respectively. The overall classical barrier height of
andTS6/R (29.1) within Paths 1, 2,,3nd 4, respectively, we this quasi-direct H-abstraction reaction Wi&10/P1is 4.9, 5.1,
can know that the most competitive reaction pathway is Path and 3.7 kcal/mol at the single-point CCSD(T)/6-31G(3df,2p)
1. So, the mechanism of the titleld+H,O radical reactionis  level with the B3LYP/6-311G(d,p), MP2/6-311G(d,p), and
a simple quasi-direct H-abstraction process that forms the QCISD/6-311G(d,p) geometries, respectively. Such a H-abstrac-
product GH, and OH. Other processes are much less probable tion process is exothermic. The B3LYP- and QCISD-based
although the involved intermediates and products are very low- reaction heats are 15.1 and—16.0 kcal/mol, respectively, in
lying. close agreement with the value-61.3.7 kcal/mol deduced from

It should be noted that we preliminarily hope to find an the experimental heat of formation (in kcal/mol at 298 K) of
addition isomer HCCOWthat can successively isomerize to the species & (135.0)# H,0O (—57.8)"® C,H: (54.2) and
HCCHOH @, 6, 7, or 8) and then dissociate t®1. Yet OH (9.3) The MP2-based reaction heat, 19.1 kcal/mol,

optimization of HCCOH often leads to the fragmeRt3. Also, deviates somewhat largely from the experimental value. This
the attempt to search for a concerted transition state that leadscan surely be attributed to the rather short CC bond of ¢ C
the reactanR to form the isomer HCCHOHS( 6, 7, or 8) fails. radical predicted by the MP2 method. The considerably larger

Instead, it often leads t8S10/P1with a long O-C distance. stability of the weakly boundO relative to that oR predicted
This is possibly due to the strong repulsion of the lone electron at the B3LYP level than at the other levels may be just a
pair on the O. quantitative deficiency of the B3LYP method, since at the
3.5. Rate ConstantsFor the simple quasi-direct H-abstrac- 6-311G(d,p) MP2 and QCISD level&p still lies 3.9 and 3.4
tion C;H+H,O—C,H,+OH reaction, further comparative cal- kcal/mol below R, respectively. Zero-point energies play
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important roles in determination of the relative energiea@f  C,Hg are (4-5) - 1071318192 9. 1071229 and 3.6+ 1011 cn?®
andTS10/P1 molecule! s71,15 respectively. Given the corresponding-K

The QCISD-optimized structures and vibration frequencies (X = OH, H, CHs, C;Hs) bond dissociation energies, i.e., 118,
for TS10/Plare surely expected to be superior to the B3LYP 103.3, 102.7, and 99 kcal/mol, it seems that th¢l€H,0
and MP2 results. By means of the calculated classical barrierreaction does not obey the empirical Polangvans type
height and vibrational frequencies of the critical structuRes ~ correlation between theéosk) value and the HX bond
10, TS10/P1,andP1, we can evaluate the rate constants of this dissociation energy: i.e., the most exothermic reaction is the
quasi-direct H-abstraction within the conventional transition state fastest. Van Look and Peetétproposed that the £1+H,0
theory (TST). The TST rate constants over a wide temperaturereaction might proceed via an associati@iimination mech-
range, 26-4500 K, are listed in Table 5. We can easily see anism instead of a direct H-abstraction one for thel @actions
that around the room temperature, the TST rate constants atith Hz, CHs, and GHe.

the CCSD(T)/6-31+G(3df,2p)//QCISD/6-311G(d,g)ZPVE Our investigation on the detailedids0 PES in proceeding
level are very slow: 3.9110716 (295 K) and 4.28 10716 cm? sections clearly shows that theHC+H,0 radical reaction is
molecule® s71 (298 K). still a simple quasi-direct H-abstraction process and the other

Presumably, for such a quasi-direct H-abstraction reaction, dissociation or associatierelimination processes are much less
the variational and tunneling effect may enhance the calculatedcompetitive. For the H-abstraction process at 295 K, at the
rate constants especially at lower temperatures and thus should®CSD(T)/6-313%G(3df,2p)//QCISD/6-311G(d,B)ZPVE level,
be considered. The minimum energy reaction path (MEP) is the calculated classical barrier height is 3.7 kcal/mol, which is
calculated by the IRC method. Subsequently, the force constantlarger than the theoretical values of 2.5 kcal/mol for thiel€H,
matrixes as well as the harmonic vibrational frequencies are reactiorf® and 2.4 kcal/mol for the &1+CH, reaction?® Notice
calculated at some selected points along the MEP. Due to thethat the barrier height for the,8+CH, reaction might be too
rather expensive computational cost at the QCISD level, we high by about 0.7 or 1 kcal/mol as stated previouSly.
decide just to make a crude estimate of the variational and Furthermore, at the CCSD(T)/6-31G(3df,2p)/QCISD/6-
tunneling effect from lower-level calculations. The energetic 311G(d,p)-ZPVE level, the TST rate constant for the title
properties in Table 3 clearly show that without single-point reaction is 3.9t 1071¢ cm® molecule’* s* and may increase
energy correction, the B3LYP/6-311G(d,p) PES itself may lead to 1.28- 1075 cm® molecule? s7* with inclusion of the rough
us to the incorrect prediction that the;HC+H,O reaction estimate of the variational and tunneling effect. Surely, the
proceeds without barrier to for1 due to the lower energy of  theoretical rate constant is at least about 3 orders of magnitude
10 (—9.1 kcal/mol) andrSP10/P1(—5.5 kcal/mol) relative to ~ smaller than the experimental value (%51.0)+ 1072 cm®
R. Then, the B3LYP PES may be unsuitable for investigation molecule* s* determined by Van Look and Peeters. Over the
of the dynamic properties of this quasi-direct H-abstraction whole temperature range, the estimated CVT/SCT rate constants
process. On the other hand, the MP2/6-311G(d,p) PES itselfof the GH-+HO reaction at the CCSD(T)/6-3315(3df,2p)/
can correctly describe the quasi-direct H-abstraction mechanismQCISD/6-311G(d,p}ZPVE level is smaller than those of the
of the reaction with a considerable barrier, 3.5 kcal/mol. So, C;H+H. reaction at the G2//QCISD/6-3315(d,p) level®
we utilize the MP2/6-311G(d,p) PES to calculate the TST, CVT, Within the temperature range 29851 K at seven points, i.e.,
and CVT/SCT rate constants of this reaction as listed in Table 295, 298, 332, 351, 385, 431, and 451 K, Van Look and Peeters
5 s0 as to estimate the variational and small curvature tunnelingobtained the Arrhenius expression &s= (1.9 + 0.2) -
effect. We can easily find that (i) there is almost no variational 10 'exp[(—200= 30)/T(K)] cm® molecule’! s~ with an almost
effect over the whole temperature range, whereas the tunnelingzero upper-limit activation energy of 0.5 kcal/mol. Within the
correction is very important below 298 K especially at very same temperature range, by means of our calculated CCSD(T)/
low temperatures; and (ii) there is a negative temperature 6-3114+G(3df,2p)/QCISD/6-311G(d,§)ZPVE CVT/SCT rate
dependence of rate constants below 80 K. Kersctykrsmn constants, we can deduce an expression 2.1Q0°12
ratio around the room temperature is 3.28 at 295 K and 3.21 atexp[-2192/T(K)] cm® molecule’* s~* with an activation energy
298 K. We expect that similar variational and tunneling effects of 4.4 kcal/mol. Clearly, both the theoretical Arrhenius fre-
may exist at other levels within moderate temperatures. As a quency factorA and the activation energl, differ from the
result, the final CVT/SCT rate constants of this quasi-direct experimental values by a factor of about 10. At 295 K, ekgn
H-abstraction process at the CCSD(T)/6-8T(3df,2p)//QCISD/ is set to zero, and the theoretidabvalue is still smaller than
6-311G(d,p}-ZPVE level are still very slow: about 1.280715 the experimental one of 9:510~12 cm® molecule’ s™2.

(295 K) and 1.37 10> cm® molecule* s™* (298 K). Also, at It is very useful to assess the possible errors on the calculated
temperatures higher than 1000 K, the variational and tunneling barrier height and rate constants of this quasi-direct H-
effects already have negligible influence on the calculated rate abstraction reaction. Future larger-scale and more complex
constants, as indicated in the MP2/6-311G(d,p) results. The computations [such as G3 single-point energies on QCISD
CCSD(T)/6-311G(3df,2p)//QCISD/6-311G(d,})ZPVE TST  geometries with larger basis sets than 6-311G(d,p)] may slightly
rate constants only get considerable wher 1500 K, i.e., reduce the present CCSD(T)/6-31G(3df,2p)//QCISD/6-311G-
3.69: 107*2and 1.07- 10~** cm® molecule™ s™* at 1500 and  (d,p}+-ZPVE barrier height of 3.7 kcal/mol and activation energy
2000 K, respectively. Therefore, the title reaction may be only of 4.5 kcal/mol between 295 and 451 K. Yet the energetic
significant at very high temperatures, such as those greater tharteduction should not be too much, possibly around 1 kcal/mol.
1500 K. Another error may come from use of the small curvature

3.6. Comparison with Experiments and Other Reactions. tunneling correction incorporated in tiROLYRATEprogram.

To our knowledge, only one recent experiment by Van Look As have been discussed by Hand et*alwhen the reaction
and Peetef8 has been done on theld+H,0 reaction. Their path is acutely curved as in the H-transfer between two heavy
measured room-temperature rate conskgatx) value is (9.5 fragments such as HEH,O—H,0+0H, the SCT method may
+ 1.0)- 107 12cm® molecule? s™%. Notice that the experimental ~ provide an inadequate account for the tunneling. In this case,
values of the analogous reactions ofHCwith H,, CHs, and the large curvature tunneling correction may be more accurate,
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which can only be used where an analytic representation of the C,H with H,O may be of much less importance than that with
potential-energy surface for a reaction is available. Unfortu- H; and hydrocarbons in combustion modeling. It may also play
nately, the large curvature tunneling effect cannot be directly a very minor role in the gH destruction process in dense
calculated by means of the ab initio PES alone. Then, it can interstellar space.

only be inferred from similar H-transfer systems. For a typical

H-transfer reaction XHY—XH-Y, the angle3 defined by the 4. Conclusions

formula: The mechanism of the84H-0 radical reaction is theoreti-
mym, cally investigated at various levels. The most possible reaction
cos = (mis the effective mass) pathway is a quasi-direct H-abstraction process with a barrier
(my + my)(m, + my) of 3.7 kcal/mol at the CCSD(T)/6-331G(3df,2p)//QCISD/6-

can be used as an indicator of the acuteness of the reactiongllG(d’p)'_zpvE level instead of an associaticalimination
. . process proposed by Van Look and Peeters. At 295 K, the
path curvature. Since the3 value for the reaction

. 6 estimated CVT/SCT rate constant of thegHz-H>O reaction is
HO+H.0—H0+OH is 19, Hand et aI_. suggest_ed th?‘t 1.28- 10715 cm? molecule’t s1, which is much smaller than
inclusion of the large curvature tunneling correction might

. 12 1ag1
produce a reduction of the activation barrier by 1.2 kcal/mol at the measured value of (95 1.0)- 10" e molecule™ s

. . . by Van Look and Peeters. It is shown that this H-abstraction
300 K. For the fitle GH+H,0—~C;H,+OH reaction with 8§ reaction is much slower than thesl+H, and GH+CH,
value of 20.8, we assume a similaE, reduction of about 1

kcal/mol due to inclusion of the large curvature tunnelin reactions. Therefore, the,B+H.O radical reaction is just a
; 9 9 normal direct H-abstraction one that satisfies the PotaRyans
correction. type correction between thg value and the HX bond
Now with the possible error from the limited computational P 295K)

level and small curvature tunneling, a total reduction of about dissociation energy (X= OH, H, Ch, and GH). The

2 keal/mol for the activation enerav mav be introduced. Keepin surprisingly large discrepancies between our calculations and
S gy may : PINY \/an Look and Peeters’s experimental results suggest that further
in mind that an error of 2 kcal/mol can change a rate constant

at 295 K by a factor of 30, thgesk value may then become laboratory investigations are very desirable for both kinetic and

3.84- 10-14 o® molecule s which is still much lower than  Product analysis of this reaction.
the experimental one of 2:40712 cm® molecule? s~ by about
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