
REGULAR ARTICLE

Unimolecular decomposition mechanism of vinyl alcohol
by computational study

Ju-Xiang Shao • Chun-Ming Gong •

Xiang-Yuan Li • Jun Li

Received: 15 June 2010 / Accepted: 15 November 2010 / Published online: 14 December 2010

� Springer-Verlag 2010

Abstract Although vinyl alcohol(CH2=CHOH)molecule

was found to be an important intermediate in the com-

bustion flames of hydrocarbon (Taatjes et al. in Science

308:1887, 2005), the removal mechanism of vinyl alcohol

has not been established yet. The removal mechanism is

critical to characterize the kinetics behavior of hydrocarbon

in combustion chemistry and to develop the chemical

models of hydrocarbon oxidation. In this work, the

potential energy surface for the unimolecular decomposi-

tion of syn-CH2=CHOH reaction has been first studied by

ab initio. The kinetics and product branching ratios for the

decomposition reaction are evaluated by Variflex code in

the temperature range of 500–3,000 K at 0.1, 1.0, and

100.0 atmosphere pressure. The results show that the for-

mation of CH3 ? CHO via the CH3CHO intermediate is

dominant in the decomposition reaction and its branching

ratios at 0.1, 1.0, and 100.0 atm are more than 99.90, 99.30,

and 89.20%, respectively, through the whole temperature

range investigated.

Keywords Vinyl alcohol � Unimolecular decomposition �
Mechanism � Rate constant

1 Introduction

Although in 1880 enols were first postulated by Erlen-

meyer [1] as transient chemical intermediates, until 1976,

vinyl alcohol (CH2=CHOH, ethenol), the simplest enol,

was observed in a gas phase [2]. Since then, enols have

been the subject of numerous experimental and theoretical

studies [2–15]. In 2003, vinyl alcohol was observed by

Cool et al. in a fuel-rich ethene combustion flame for

the first time [9], and then in 2005, Taatjes et al. [10]

reported that the flames fueled by rich propene, propyne,

allene, benzene, ethanol, etc., also showed substantial

contributions from vinyl alcohol. The traditional hydro-

carbon combustion chemistry assumed C2H4O molecules

observed in flames as CH3–CH=O (acetaldehyde, ethanal)

or c-C2H4O (ethylene oxide, oxirane). However, Taatjes

et al. [10] discovered that there should be different

mechanisms in the formation of CH2=CHOH and CH3–

CH=O tautomer in the combustion flames of hydrocarbon.

The theoretical studies accomplished by Yamada et al.

[11] and Hippler et al. [12] with ab initio method revealed

that the reaction of OH radical with ethene could produce

the product of vinyl alcohol. The experiment carried out by

Taatjes et al. [13] demonstrated that reaction of OH with

alkene was a key source of enols in the preheat zone of

low-pressure flames, and Cool et al. [9] in the experiment

study found that OH addition to hydrocarbon radicals

as well as dehydrogenation of alcohol might form vinyl

alcohol. Although it is evident that vinyl alcohol is pres-

ent in substantial concentrations in a wide range of

hydrocarbon combustion flames, the detailed theoretical

analyses of vinyl alcohol removal reactions for reliable

modeling of enol chemistry over a wide range of com-

bustion conditions have still been unavailable [13]. Theo-

retical investigation into removal reactions for vinyl
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alcohol would be very helpful in explaining the chemistry

of enols in hydrocarbon flames.

In previous studies, Saito [2] and Rodler et al. [14]

investigated the structure of vinyl alcohol molecule by the

molecular microwave spectrum. Their experimental results

revealed that vinyl alcohol was planar and had the syn

form. Tureček et al. [15] studied thermochemistry of vinyl

alcohol and its cation radical at the G2 (MP2) ab initio

level. They proposed that syn-planar conformation was

more thermodynamically stable for vinyl alcohol in the gas

phase than the anti-planar conformation.

In spite of a wealth of data on vinyl alcohol structure

and thermochemistry [2, 14–16], there remain several

unresolved problems of a fundamental nature. First,

although vinyl alcohol as an intermediate was observed in

the hydrocarbon combustion flames [10], the kinetics and

mechanism for its decomposition reaction over a wide

range combustion condition, which assist in explaining the

stability of vinyl alcohol in the neutral gas phase, have not

been yet investigated. Second, the rate constants of the

decomposition of syn-vinyl alcohol and the product

branching ratios of each decomposition channel under the

wide temperature combustion condition have not been

described in detail. As is known to us, reliable determi-

nation of the decomposition mechanisms and the branching

rate constants are critical to characterize the kinetics

behavior of syn-vinyl alcohol in combustion chemistry

and to develop the chemical models of hydrocarbon

oxidation.

Under combustion conditions, the unimolecular decom-

position of syn-CH2=CHOH may occur through many

energetically accessible product channels:

syn-CH2CHOH�!k1
CH2COHþ H ð1Þ

�!k2
CH2Cþ H2O ð2Þ

�!k3
CHCHþ H2O ð3Þ

�!k4
CH3CHO! CH3 þ CHO ð4Þ

�!k5
CH3COH ð5Þ

�!k6
CH2CHO þ H ð6Þ

�!k7
CHCHOHþ H ð7Þ

�!k8
CH2CHþ OH ð8Þ

The energies of these reactions are calculated at ab initio

level. Meanwhile, the rate constants and products branch-

ing ratios are reported herein for high-temperature com-

bustion modeling applications. Few data from experiment

and computation are available on these reaction channels in

neutral gas-phase combustion chemistry.

2 Computational methods

2.1 Potential energy surface calculations

For the decomposition of syn-vinyl alcohol, it is critical to

generate an accurate and reliable potential energy surface

(PES) in order to predict reliable reaction rate constants

and products branching ratios. The equilibrium geometries

of the reactant, transition states, and products are optimized

by the hybrid density functional (B3LYP) method (Becke’s

three-parameter nonlocal exchange functional [17, 18] with

the nonlocal correlation functional of Lee, Yang, and Parr

[19]) with the 6-311G(d, p) basis set [20]. Andersson et al.

[21] by calculating the molecular set of 125 molecules for

low-frequency vibrations and the set of 40 molecules for

zero-point energies proposed that for B3LYP/6-311G(d,p)

level, the scale factors are 0.9679 for vibrational frequen-

cies and 0.9877 for zero-point vibrational energies. In this

work, vibrational frequencies and zero-point energy (ZPE)

of all species are also calculated at this level and scaled by

scale factor of 0.9679 and 0.9877, respectively, as recom-

mended by Andersson et al. [21]. These values are

employed for characterization of the nature of stationary

points and rate constant calculations. All the stationary

points are considered as local minima, i.e., there is no

imaginary frequency for reactant and products, and one and

only one imaginary frequency for transition states. The

intrinsic reaction coordinate (IRC) method [22] is utilized

to validate the connection between the transition state and

the reactant or product. For more accurate evaluation of the

energies of the reaction, the CCSD(T)/6-311 ? G(3df,2p)

[23] method is employed to obtain the single-point energy

based on the optimized geometries from the B3LYP/6-

311G(d,p) level. All quantum chemistry calculations are

performed by the Gaussian 03 package [24].

2.2 Rate constant calculations

The rate constants for the key products are computed with

variational transition state theory (VTST) and Rice–Ram-

sperger–Kassel–Marcus (RRKM) theory using the Variflex

codes by Klippenstein and co-workers [25]. The RRKM

theory expression for the unimolecular dissociation rate

constant at the E- and J-resolved levels, K(E, J), may be

written as

KðE; JÞ ¼ NðE; JÞ
hqðE; JÞ

where N(E, J) is the sum of states of the transition state to

energy E with angular momentum J, and q(E, J) is the

density of states of the reactants at the specified energy and

angular momentum, and h is Planck’s constant. N(E, J) and

q(E, J) were counted with a grain size of 1 cm-1 using the
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Beyer-Swinehart-Stein-Rabinovith algorithm [26, 27]. The

pressure dependence of rate constants is treated by one-

dimensional (1D) master equation calculations using the

Boltzmann probability of the complex for the J distribution.

The master equation is solved by eigenvalue-solver-based

approach for the dissociation processes [28, 29]. The details

of the formulation of the master equation and methodology

of solution used in Variflex are described in detail

elsewhere [30–34]. So as to accomplish convergence in

the integration over the energy range, an energy grain size

of 100 cm-1 is used. This grain size provides numerically

converged results for the conditions investigated, with the

energy spanning the range from -37,808.0 cm-1 below to

42,192.0 cm-1 above the threshold forming CH2COH ? H.

The total angular momentum J covers the range from 1 to

251 with a step length 10 for the E-, J-resolved calculation.

For the reaction without barrier transition state, the Morse

potential, EðRÞ ¼ De 1� exp �bðR� ReÞgf½ �2, is used to

represent the potential energy along the individual reaction

coordinate, in which R is the reaction coordinate (i.e.,

the distance between the two bonding atoms; C–H, O–H or

C–C in this work), De is the bond dissociation energy, Re is

the equilibrium value of R, b = (fe/2De)
1/2, and fe is the

force constant of the bond at the minimum of the potential

well. For the reaction with tight transition state, the numbers

of states are evaluated according to the rigid-rotor harmonic

oscillator assumption. The energetic and other para-

meters, such as reaction barriers, rotational constants and

vibrational frequencies from the ab initio calculations, are

used in the rate constant calculation. To facilitate the use of

the reaction rate constants for chemical kinetics modeling,

we fit all rate constants in the temperature range from 500 to

3,000 K and in the pressure range from 0.1 to 100.0 atm to a

modified three-parameter Arrhenius expression

KðTÞ ¼ ATn exp �Ea

RT

� �

This formulation leads to a better fit than the ordinary

Arrhenius expression, but the parameters may have little

physical interpretation.

3 Results and discussion

3.1 Potential energy surface of the system and reaction

mechanism

The key product channels for the decomposition of syn-

vinyl alcohol mentioned previously will be only consid-

ered. At the B3LYP/6-311G(d,p) level, the optimized

geometries of the reactant, transition states, and products

are showed in Fig. 1 including the characteristic bond

distances and angles. Figure 2 shows the potential energy

surface obtained at the CCSD(T)/6-311 ? G(3df,2p) level.

The vibrational frequencies and rotational constants of all

species used in the rate constant calculations are presented

in Table 1. The reaction paths for the channels (1)–(6)

shown in Fig. 2 will be discussed sequentially in the fol-

lowing sections, whereas the higher energy processes (7)

and (8) will not be included in our rate constant calculation,

just the same treatment as proposed by Zhou et al. [35] and

Park co-workers [36]. All reaction channels considered

here are indeed the one-step mechanisms, except channel

(4).

As shown in Fig. 1, it is seen that the syn-vinyl alcohol

may isomerize to the anti-vinyl alcohol configuration

through the transition state (TS1). The transition state lies

above syn-vinyl alcohol by 4.60 kcal/mol. The energy of

anti-form lies above that of syn-form by 0.945 kcal/mol,

which is in agreement with the previous experimental and

theoretical results [2, 14, 37–39]. It can be seen that vinyl

alcohol prefers the more stable syn-conformation in the gas

phase. Therefore, we only take the decomposition of the

syn-conformation into account in the following discussion.

3.1.1 CH2COH ?H channel

For the fragmentation reaction producing CH2COH ? H, it

is a barrierless path. On account of the absence of a well-

defined transition state, its dissociation potential function is

computed variationally to cover a range of C–H bond

separations from the equilibrium value 1.084–6.284 Å with

an interval of 0.2 Å. At the B3LYP/6-311??G(d,p) level,

we optimize every structure at each interval of the C–H

bond separation by freezing the C–H bond. In this manner,

a smooth and reasonable potential curve in terms of total

energy at each point along the reaction path is obtained and

employed to evaluate the Morse potential energy function

mentioned earlier. The potential energy function, E(R), is

obtained with b = 2.130 Å-1, and Re = 1.084 Å, and the

predicted dissociation energy, 108.0 kcal/mol, is in good

agreement with the calculation value (108.1 kcal/mol) at

the CCSD(T)/6-311 ? G(3df,2p) level and the previous

value predicted (109.1 kcal/mol) by Silva et al. [16] using

enthalpies of formation. The potential for the dissociation

process is used in subsequent rate constant calculations

based on the RRKM theory.

3.1.2 CH2C ?H2O channel

This is a dehydration process. As shown in Fig. 1, in this

channel, the H2O elimination process involves the H atom

in the CH group via a three-member-ring transition state,

TS21, in which the breaking C–H and C–O bonds in TS21

are 0.151 and 0.509 Å longer than those in syn-vinyl

alcohol, respectively. H atom from CH group is closed to O

Theor Chem Acc (2011) 128:341–348 343

123



atom in OH group with a value of 39.3� for band angle

OCH, in which the band angle is 71.0� less than that in syn-

vinyl alcohol. TS21 with the imaginary frequency of

1,335i cm-1 represents a well-defined transition state. The

result of IRC calculation confirms that TS21 connects the

reactant and the products CH2C ? H2O, in which TS21

lies above syn-vinyl alcohol by 81.0 kcal/mol.

3.1.3 CHCH ?H2O channel

This is also a dehydration process. As presented in Fig. 1,

H2O elimination from syn-vinyl alcohol occurs via a planar

four-member-ring transition state, TS22, in which the out-

of-ring H atom bonded to O atom is largely bent away from

the HCCO plane, with a value of 104.8� for dihedral angle
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Fig. 1 Optimized geometries of the reactant, transition states, and products involved in the syn-vinyl alcohol decomposition reactions at the

B3LYP/6-311(d,p) level. The bond lengths are in angstrom, and the angles are in degree

344 Theor Chem Acc (2011) 128:341–348

123



HOCC. The breaking C–H and C–O bonds in TS22 are

0.493 and 0.374 Å longer than those in syn-vinyl alcohol.

TS22 with the imaginary frequency of 1,337i cm-1 shows a

well-defined transition state. TS22 lies above syn-vinyl

alcohol by 79.8 kcal/mol and leads to the formation of

CHCH ?H2O.

3.1.4 CH3CHO ? CH3 ? CHO channel

This reaction channel consists of two steps. The first step is

to start from the isomerization of syn-vinyl alcohol to

acetaldehyde (CH3CHO) by the rearrangement of hydrogen

atom. As shown in Fig. 1, the H atom in the OH group in

syn-vinyl alcohol can migrate toward the C atom in the

CH2 group to produce CH3CHO via a four-member-ring

transition state, TS23. The breaking O–H in TS23 is 0.321

Å longer than that in syn-vinyl alcohol. The height of

barrier this step is 56.6 kcal/mol, which is consistent with

the previous theoretical values of 56.2 kcal/mol [8],

55.9 kcal/mol [16] from G1 and CBS-APNO level,

respectively. Then the second step, the unimolecular

decomposition of CH3CHO which has been studied

experimentally and theoretically by other groups [40–47],

is also taken into account. Although the previous literatures

proposed that decomposition of CH3CHO might form

CH3 ? CHO, CH4 ? CO, CH2CO ? H2, CH2CHO ? H,

and/or CH3CO ? H products, the experimental studies

[40–42] on the thermal decomposition of CH3CHO were

presumed to yield CH3 ?CHO via C–C bond scission, i.e.,

CH3CHO ? CH3 ? CHO. The theoretical study from

Harding et al. [47] was considered that the major pro-

ductions of decomposition of CH3CHO are CH3 and

CHO. So, we also consider CH3 and CHO as the products

of thermal decomposition of CH3CHO in this work. The

potential energies of the dissociation process from

CH3CHO to CH3 ? CHO are calculated by geometry

optimization at different fixed H3C–CHO separations

covering from the equilibrium value 1.504–7.104 Å with

an interval of 0.2 Å. The calculated energies from the

B3LYP/6-311 ??G(d,p) level are fitted to the Morse

potential mentioned previously with De = 80.6 kcal/mol,

b = 2.138 Å-1, and Re = 1.504 Å, in which the C–C

bond dissociation energy of CH3CHO into CH3 ? HCO,

De, is in good agreement with the theoretical value of

81.9 kcal/mol [42] at QCISD(T)/6-31G(d) level. The

potential parameters for the dissociation process are used

in RRKM calculations.
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Fig. 2 Potential energy diagram for dissociation of syn-vinyl alcohol

at the CCSD(T)/6-311 ? G(3df,2p)//B3LYP/6-311G(d,p) with zero-

point energy correction obtained from B3LYP/6-311G(d,p) results

Table 1 Vibrational frequencies and rotational constants (B) for the species involved in the syn-vinyl alcohol decomposition reaction computed

at the B3LYP/6-311G(d, p) level

Species B (MHz) Frequencies (cm-1)a

syn-vinyl alcohol 60,917, 10,531, 8,978 461, 476, 691, 797, 930, 966, 1,090, 1,284, 1,316, 1,402, 1,648, 3,038, 3,082, 3,135, 3,681

anti-vinyl alcohol 64,241,10,428, 8,972 246, 467, 694, 817, 926, 946, 1,108, 1,250, 1,306, 1,391, 1,677,3,032, 3,059, 3,148, 3,744

TS1 59,518,10,359, 9,060 419i, 474, 674, 880, 917, 952, 1,104, 1,202, 1,297, 1,376, 1,647, 3,015, 3,047, 3,133, 3,704

TS21 51,759, 8,253, 7,291 1,335i, 291, 304, 490, 604, 790, 846, 913, 1,229, 1,285, 1,591, 2,174, 3,024, 3,108, 3,655

TS22 44,682,11,095, 9,123 1,337i, 427, 525, 658, 736, 829, 855, 956, 1,117, 1,346, 1,585, 1,850, 3,097, 3,151, 3,600

TS23 48,843, 12,289, 10,234 2,111i, 552, 623, 766, 937, 1,029, 1,106, 1,161, 1,255, 1,416, 1,499, 1,810, 2,984, 3,004, 3,067

TS24 57,741, 10,814, 9,469 1,404i, 483, 611, 675, 923, 1,000, 1,082, 1,262, 1,305, 1,348, 1,460, 2,070, 2,848, 3,088, 3,412

CH3CHO 57,203, 10,132, 9,090 155, 492, 752, 854, 1,089, 1,099, 1,331, 1,380, 1,414, 1,424, 1,765, 2,765, 2,925, 2,978, 3,036

CH3COH 52,194, 10,614, 9,319 142, 519, 722, 878, 951, 1,022, 1,289, 1,313, 1,326, 1,383, 1,419, 2,792, 2,961, 2,983, 3,206

CHCH 35,652 618, 744, 744, 2,004, 3,316, 3,415

CH2C 284,566, 39,677, 34,822 332, 728, 1,173, 1,655, 3,013, 3,089

CH2CHO 67,355, 11,456, 9,791 436, 489, 732, 944, 948, 1,114, 1,352, 1,423, 1,503, 2,835, 3,037, 3,149

H2O 38,489, 21,001, 13,587 1,585, 3,690, 3,784

CH3 286,280, 286,280, 143,140 490, 1,358, 1,358, 3,003, 3,176, 3,176

CHO 707,540, 44,968, 42,281 1,075, 1,879, 2,537

a Values are scaled by 0.9679, i denotes the imaginary frequency
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3.1.5 CH3COH channel

This channel is also isomerization process. The H atom in

the CH group can migrate toward the C atom in the CH2

group to produce CH3COH (1-hydroxyethylidene) via a

three-member-ring transition state, TS24, with the imagi-

nary frequency of 1,404i cm-1, in which the breaking C–H

is 0.208 Å longer than that in syn-vinyl alcohol. H atom

from CH group is closed to C atom in CH2 group, with a

value of 60.2� for band angle CCH, in which the band

angle is 63.0� less than that in syn-vinyl alcohol. TS24 lies

up to 66.8 kcal/mol above syn-vinyl alcohol, which is close

to the theoretical value of 63.6 kcal/mol predicted by

Smith et al. [8]. The result of IRC calculation confirms that

TS24 connects the reactant and the CH3COH product.

3.1.6 CH2CHO ?H channel

Similar to channel (1), the reaction occurs without a well-

defined transition state. The CH2CHO ? H dissociation

potential function is computed variationally to cover the

range of O–H from 0.965 to 5.565 Å. At the B3LYP/6-

311 ??G(d,p) level, we carefully optimize every structure

at each interval of the O–H bond separation by freezing the

O–H bond, and a smooth and reasonable potential curve in

terms of total energy at each point along the fission reaction

path is found. The Morse potential energy function men-

tioned earlier is obtained with De = 87.8 kcal/mol,

b = 3.268 Å-1, and Re = 0.965 Å. The predicted disso-

ciation energy, 87.8 kcal/mol, is close to the literature

value (85.2 kcal/mol) estimated by Silva et al. [16] with

enthalpies of formation.

3.2 Rate constant and product branching ratio

3.2.1 Rate constant

For the decomposition of syn-vinyl alcohol reactions, as

mentioned previously, there are eight possible channels.

However, channels (7) and (8) with bond dissociation

energies of 111.4 and 110.4 kcal/mol, respectively, are less

important in the thermal decomposition reaction.

Therefore, the rate constants for competitive channels (1)–

(6) are computed with VTST and RRKM theory using the

Variflex code [25] based on the PES and mechanisms

presented in Sect. 3.1, in the temperature range of

500–3,000 K and the pressure range from 0.1 to 100 atm,

in which N2 bath gas is considered the realistic combustion

of hydrocarbon fuel in engine. The behavior of energy

transfer is assumed to be induced by weak molecular

collision, and the frequency of collision is derived from

the Lennard–Jones (L-J) potential [48, 49], V(pair) =

4e[(r/r)12 - (r/r)6], where r is the center-of-mass separa-

tion between N2 and CH2CHOH, e is the maximum depth

of the potential well, and r is the separation at which

V(pair) = 0. The L-J parameters for CH2CHOH and N2

employed in the calculation, r = 4.791 and 3.798 Å as

well as e/kB = 331.7 and 82.0 K, respectively, are taken

from the literatures [50, 51], which are employed to eval-

uate the L-J parameters for each collision pair using the

approximations r12 = (r1 ? r2)/2 and e12 = (e1e2)1/2. The

energy transfer per downward collision, hDEdowni, is

assumed to be 200 cm-1 in N2 bath gas in the calculation

[52]. The energies given in Fig. 2 and the rotational con-

stants and the vibrational frequencies listed in Table 1

are utilized to compute the rate constants. The quantum

tunneling effects are included in the related cases with

the Eckart tunneling model [53]. The number of states

and the density of states are obtained from rigid-rotor

harmonic oscillator assumptions [19] for all but the syn-

CH2CHO���H complex torsional mode, for which a one-

dimensional hindered rotor treatment is employed. The

torsional mode links to the anti-conformer by a hindered

rotation of TS1 with the barrier of 4.60 kcal/mol. More-

over, the Morse potential given above, the L-J potential,

and the anisotropic potential are added together to con-

struct the final potential for the variational rate constant

calculation, in which a potential anisotropy forms, assum-

ing a bonding potential that is cylindrically symmetric with

respect to each fragment.

The calculated various channels’ individual rate con-

stants for syn-vinyl alcohol decomposition at different

temperatures and pressures are summarized in Table 2. The

Arrhenius plots showing temperature dependence of the

Table 2 Rate constants (s-1) fitted at different pressures

0.1 atm 1.0 atm 100.0 atm

k1 6.78 9 10-10 T-0.48 exp(-30,638/T) 9.10 9 10-17 T1.50 exp(-19,369/T) 2.43 9 1044 T-10.21 exp(-53,343/T)

k2 2.57 9 1061 T-16.70 exp(-45,323/T) 3.26 9 1063 T-16.05 exp(-48,099/T) 4.07 9 1050 T-10.95 exp(-48,862/T)

k3 9.85 9 1060 T-16.89 exp(-45,598/T) 1.24 9 1063 T-16.19 exp(-48,364/T) 2.40 9 1050 T-11.09 exp(-49,266/T)

k4 7.42 9 1046 T-10.56 exp(-33,931/T) 4.42 9 1042 T-9.09 exp(-33,754/T) 2.90 9 1027 T-4.35 exp(-31,008/T)

k5 2.35 9 1056 T-13.88 exp(-40,393/T) 4.09 9 1054 T-12.84 exp(-41,552/T) 3.16 9 1038 T-7.55 exp(-39,575/T)

K6 4.16 9 1065 T-17.67 exp(-47,156/T) 7.71 9 1066 T-16.74 exp(-49,327/T) 4.92 9 1054 T-11.75 exp(-50,262/T)
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rate constants are presented in Fig. 3a at 0.1 atm, in Fig. 3b

at 1.0 atm, and in Fig. 3c at 100.0 atm pressure. As shown

in Fig. 3a, at 0.1 atm, the major reactions are channels (4)

and (5), but the rate constant k4 is larger than k5 in the

whole temperature range. For the trivial channels, the

inequality k2 [ k3 [ k1 keeps and k6 and k2 almost super-

poses. At 1.0 atm [see Fig. 3 (b)], the magnitude sequence

of k1–k6 is similar to that predicted at 0.1 atm. Channel (4)

is an important reaction, and k4 is larger than the other five

channels. For channels (2), (3), and (6), their rate constants,

k2, k3, and k6, are very close, and k6 is slightly larger than

k2 throughout the whole temperature range, because in the

energy diagram of Fig. 2, the dissociation energy of

channel (6) is only higher than energy barrier of TS21 for

channel (2) by 0.5 kcal/mol, and the latter is only higher

than that of TS22 for channel (3) by 1.2 kcal/mol. The

relative magnitudes of the rate constants at different tem-

peratures shown in Fig. 3b may be attributed to the com-

bined effects of their barriers and transition state structures

(i.e., the enthalpies and entropies of the TS’s). At

100.0 atm [see Fig. 3c], the magnitude sequence of k1–k6 is

similar to that predicted at 1.0 atm, but k6 is very closer to

k5 than those predicted at 1.0 atm pressure, especially in

the high temperature range, in which it is found that the

curves of rate constant for k6 and k5 almost superposes

beyond 1,600 k. It is readily seen that at the three different

pressures, the lowest energy barrier of the process from

syn-vinyl alcohol to acetaldehyde (CH3–CH = O) in

channel (4) is dominant due to its relatively low-energy

barrier. Formation of CH3 and HCO products from acet-

aldehyde [channel (4)] is more important than the

other products. On the other hand, k1, as expected, becomes

the lowest one in the temperature and pressure range

investigated, because of its high-energy barrier of

108.1 kcal/mol.

For practical applications in hydrocarbon combustion

flames, the rate constants from variflex for channels (1)–(6)

at 500–3,000 K at different pressures with N2 as the third

body are fitted to the modified three-parameter Arrhenius

expression given above and are listed in Table 2.

3.2.2 Product branching ratio

For the unimolecular decomposition of syn-CH2=CHOH

reaction, the temperature and pressure dependence of

products branching ratios is discussed. In whole tempera-

ture and pressure range investigated, the branching ratios of

CH2COH ? H [channel (1)], CH2C ?H2O [(channel (2)],

and CHCH ?H2O [channel (3)] are negligibly small, with a

maximum value less than 0.43%. At 0.1 atm, branching

ratio for the formation of CH3 ? CHO via intermediate

CH3CHO [channel (4)] is predicted to be more than

99.90% through the whole temperature range. At 1.0 atm,

the magnitude sequence of product branching ratio for

different channel is similar to that predicted at 0.1 atm.

Channel (4) is also major reaction, and its branching ratio

is more than 99.3%. At 100 atm, channel (4) is also

dominant in the decomposition reaction, but in the tem-

perature range from 800 to 3,000 k, the branching ratio of

channel (4) decreases gradually from 99.90 to 89.20%,

while that of CH3COH [channel (5)] increases gradually

from 0.13 to 4.65%. The branching ratio of CH2CHO ? H

[channel (6)] increases gradually from 0.33% at 1,200 k to

5.60% at 3,000 k.

4 Conclusion

For the unimolecular decomposition of syn-vinyl alcohol,

chemically accurate ab initio CCSD(T)/6-311 ? G(3df,

2p)//B3LY/6-311G(d,p) calculation of PES is performed.

The rate constants for the decomposition of syn-vinyl

alcohol are computed with a microcanonical RRKM and

VTST method using the Variflex code. The results calcu-

lated show that the decomposition of syn-vinyl alcohol to

CH3 ? CHO products via the isomerization intermediate

CH3CHO [channels (4)] is dominant, and its product

branching ratio at 0.1, 1.0, and 100.0 atm are more than

99.90%, 99.30%, and 89.20%, respectively, through the

whole temperature range from 500 to 3,000 K. The frag-

mentation reactions producing CH2COH ? H (1) and
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Fig. 3 Temperature dependence of rate constants at a 0.1 atm, b 1.0 atm, and c 100.0 atm for decomposition reactions (1)–(6). The numbers in

the figure correspond to each reaction channel given in the introduction

Theor Chem Acc (2011) 128:341–348 347

123



CH2CHO ? H (6), the H2O elimination processes pro-

ducing CH2C ? H2O (2) and CHCH ? H2O (3) as well as

the isomerization process producing CH3COH (5) are

found to be unimportant throughout the temperature and

pressure ranges investigated with a maximum branching

ratio less than 5.60%. So the unimolecular decomposition

of syn-vinyl alcohol to CH3 and HCO products via the

isomerization intermediate CH3CHO is more favorable

than the other five channels due to its lower barrier. We fit

the rate constants for channels (1)–(6) in temperature and

pressure ranges investigated to a modified three-parameter

Arrhenius expression, in which the rate constant for

channel (4) is k(CH3 ? HCO) = 4.42 9 1042 T-9.09

exp(-33,754/T) s-1 in the temperature range from 500 to

3,000 K at atmospheric pressure.

The rate constants for the present reaction computed

with ab initio molecular orbital and RRKM method are

expected to be of high accuracy. They can be included in

the existing kinetic schemes for modeling of hydrocarbon

flame combustion and can improve the prediction of enols.
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