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A direct ab initio dynamics study is presented on two channels of the gas-phase reaction of the hydrogen
atom with formyl chloride, HCOCI. The geometries, harmonic vibrational frequencies, energies, and enthalpies
of all of the stationary points are calculated at the BHandHLYP, MP2, and QCISD levels of theory with the
cc-pVDZ basis set. The minimum energy paths (MEPS) of both channels of the title reaction are also computed
with the same methods and basis set. The energies of stationary points and the points along the MEP for each
channel are refined by means of some single-point multilevel energy calculations (HL). The rate constants
are evaluated with the conventional transition state theory (TST), the improved canonical varitional transition
state theory (ICVT), and the improved canonical varitional transition state theory with small-curvature tunneling
correction (ICVT/SCT) in the temperature range of 3@500 K. The fitted Arrhenius expressions of the
calculated ICVT/SCT rate constants at the HL/BHandHLYP/cc-pVDZ and HL//QCISD/cc-pVDZ levels

of theory arek"V"SCT(T) = 1.16 x 10710 T261 1018410 gnd KCVSCT(T) = 1.64 x 10718 T225( 194311

for the H abstraction channel, ad¥"S(T) = 1.16 x 10-17TL9%(-30171M and KVTSCT(T) = 1.85 x
10718T21%(=34734M for the Cl abstraction channel, respectively.

I. Introduction to evaluate the kinetics data of the abstraction reaction of HCOCI
with H and to compare it with other reactions.

In the present study, we consider two channels of the
abstraction reaction of HCOCI with H:

As is known, the stratospheric ozone layer is of vital
importance to life on Earth. Ozone depletion in the polar regions
during springtime, caused by the widespread use of chloro-
fluorocarbons (CFCs) as refrigeration fluitig, has received
great attentions from scientists. To protect the stratospheric K, ﬁ

ozone layer, hydrofluorocarbons (HFCs) and hydrochlorofluo- ——> Co + H,
rocarbons (HCFCs) are being implemented as replacement of ﬁ o’
the CFCg:%89The HFCs and HCFCs are more active than the oSNy T OH il)
CFCs in the troposphef&®1and thus are relatively innocuous TG + Ha
in their effect on the ozone layer. So tropospheric transformation W

products of a series of the HFCs and HCFCs are of great interest

In the research of protecting the stratospheric ozone layer. Their potential energy surface information required for the

hThPT form)f/l ﬁhlor'ﬁle rr&olecule p')1lays Tm. Important role 'T thel dynamical calculations is computed using density functional
chemistry of the polluted troposphere. Itis a transient molecule theory and quadratic configuration interaction theory as well

in the degradation not only of the HCFCs but also of a number .5 ;e single-point multilevel energy calculations. The direct

OCfI |mapnodrtecl:n|_t| gqlgl'??;eﬁ]:y;mgzr%%r;z Z.L;C\l;]vglllssai‘!b'fﬁ)ﬂi- the ab initio dynamics methods employed in this study are based
2 P ’ on an improved canonical variational transition state theory with

tropospheric reaction of the Cl atom with volatile organic T . . . .
. - . the multidimensional centrifugal-dominant small-curvature semi-
compounds such as isopreftelhe lifetime of HCOCI in the . ) . . .
é:lassmal adiabatic ground-state tunneling correction.

atmosphere is a critical parameter in assessing the procedur
of removal of those pollutants. To estimate the lifetime, the
kinetics data of different removal channels have to be consid- II. Methodology

ered.
Although some works have been performed to study the A Rate Constant Calculations.The improved canonical
dynamics of the bimolecular reactions of HCOCI witht € variational transition state theory (ICV#9,mplemented with

or H,0.20 OH,1721.223s well as the unimolecular decomposi- features from microcanonical ensemble, is a modification to the
tions23-25 no study was done, either experimentally or theoreti- canonical variational transition state theory (CVT) and more
cally, for the reaction of HCOCI with H to the best of our accurate than the latter for calculations of rate constants of low
knowledge. Because there are considerable organic sources fofemperatures where the contribution from the threshold region
producing hydrogen atoms in the atmosphere, it is interesting is important. Within the framework of ICVT, the improved
generalized transition state rate constadt(T, s), can be
*To whom correspondence should be addressed. E-mail: gsli@bit.edu.cn, calculated at the reaction coordinatalong the MEP at a fixed
Fax: +86—10—68912665. Phone:-86-10-68912665. temperature; then the ICVT rate constant is obtained by
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minimizing K'CT(T, s) along the MEP at the given temperature
as follows:

leVT(T) — ms|n kIGT(T, S)
in which
KET(T.9) =[hg (M) [ dEe ™NT(E9)

where h is Planck’s constantR(T) is the reactant partition

function per unit volume = 1/(kgT), kg is Boltzmann’s

constant,v‘a3 is the vibrationally adiabatic ground-state poten-

tial energy ats, and NCT(E,s) is the quantized cumulative

reaction probability at energlg and reaction coordinate
Finally, the rate constant is

KT = «(KT(T)

wherex(T), the transmission coefficient, can be calculated by
the small-curvature tunneling (SCT)%® method, and the

guantum effects along the reaction coordinate can be included.

It should be mentioned that the normal-mode frequency
analysis failed to correctly predict the frequencies along the
MEPs in this study. Thus, the redundant curvilinear reaction
coordinate is adopted in the calculations of rate constants to
reproduce the frequenciés.The rate constants of the title
reaction are computed using three levels of theory, namely, the
conventional transition state theory (TST), the improved canoni-
cal varitional transition state theory (ICVT), and the improved
canonical varitional transition state theory with small-curvature
tunneling correction (ICVT/SCT). The evaluations of all of the
rate constants are performed employing the Polyrate8.2 pro-
gram3!

B. Electronic Structure Calculations. The geometries and

frequencies of all stationary points (reactants, products, and the

transition states) are optimized at the BHandHL3¢fEMP2 34

and QCISB? levels of theory with Dunning®-3%correlation
consistent polarized valence doulilésasis set, namely, the
cc-pVDZ basis set. Here, BHandHLYP presents the combination
of Becke’s half and half (BHandH) nonlocal exchange functional
with Lee—Yang—Parr (LYP) correlation functionals. MP2
denotes the second-order Mo-Plesset perturbation theory
with frozen core approximation. QCISD stands for the quadratic
configuration interaction theory with all single and double
substitutions. To yield a more reliable reaction enthalpy and
barrier height, single-point calculations for all stationary points
are further refined by means of some single-point multilevel
energy calculations (HL) based on the optimized geometries at
the BHandHLYP/cc-pvDZ, MP2/cc-pVDZ, and QCISD/
cc-pVDZ levels of theory. The HL method employs a combina-
tion of QCISD(T) and MP28 and calculations can be expressed
as

E,,.= E[QCISD(T)/cc-pVTZ]+{ E[QCISD(T)/cc-pVTZ]—
E[QCISD(T)/cc-pVDZ]} 0.46286+ E[MP2/cc-pVQZ]+
{E[MP2/cc-pVQZ]— E[MP2/cc-pVTZ]} 0.69377—
E[MP2/cc-pVTZ] — {E[MP2/cc-pVTZ] —

E[MP2/cc-pVDZ]} 0.46286

Here QCISD(T)/cc-pVTZ is referred to as the quadratic con-
figuration interaction calculation including single and double
substitutions with a triples contribution to the energy adtfed,

using Dunning’s correlation consistent polarized valence tdple-

Li and Luo

basis se#’ The cc-pVQZ is Dunning’s correlation consistent
polarized valence quadruplebasis se#’

For convenience, these methods for energy refinement are
denoted as HL//BHandHLYP, HL/MP2, and HL//QCISD,
respectively. All of the electronic structure calculations are
carried out using the Gaussian 98 progrdm.

Ill. Results and Discussion

A. Stationary Points. A pictorial of the optimized geometries
and the calculated geometric parameters of the equilibrium and
transition states of the two channels is displayed in Figure 1
along with the available experimental d4fa%? For HCOCI,
all of the predicted bond angles are prettily close to the available
experimental data. The-€H and C-Cl bond lengths at the
BHandHLYP/cc-pVDZ level are closer to the experimental data
than those at the MP2/cc-pVDZ and QCISD/cc-pVDZ levels.
When it comes to the €0 bond lengths, the MP2/cc-pVDZ
and QCISD/cc-pVDZ levels of theory nearly iterate the experi-
mental data with the BHandHLYP/cc-pVDZ level of theory
having the difference of 0.02 A. In general, all of the three
methods adopted in the present calculations can provide a rea-
sonable structure for HCOCI compared to the experimental
dat#? and previous high-level theoretical resuftg* As can
be seen from Figure 1, the predicted geometries of both transi-
tion states (Tgand TS) are in good agreement between all of
the levels of theory. The lengths of all of the active bondsHC
and H-H of TS; as well as C-Cl and H-Cl of TS;, from the
BHandHLYP/cc-pVDZ method are quite close to those from
the QCISD/cc-pVDZ method. For the products, the structures
predicted by the three methods are quite consistent and in good
agreement with the experimental d&td!In a word, all three
methods agree well in predicting geometries for the stable
structures and the transition states of the current two channels.

Table 1 lists the harmonic vibrational frequencies and the
zero point energies of the equilibrium and transition states
employing the BHandHLYP, MP2, and QCISD levels of theory
with the same basis set cc-pVDZ along with the available
experimental dat&?45-53 For the HCOCI and products, the
computed frequencies from different levels are consistently
slightly larger than the experimental values, except for the COCI
at the QCISD/cc-pVDZ level, with the largest discrepancy of
12%. For both transition states (T@nd TS), the predicted
values of imaginary frequencies from the BHandHLYP/
cc-pVDZ method are the smallest, whereas the MP2/cc-PVDZ
method provides the largest imaginary frequencies. The value
of the imaginary frequency of T,Ss larger than that of TSat
all three levels of theory. The reason is simply because the
vibration involved in TS1 primarily involves a hydrogen,
whereas that in TS2 involves a chlorine. In the basis of the
mass difference of the atoms involved, it could be expected
that the tunneling effect would be more important in a process
involving only hydrogen than one involving a chlorine. From
the data in Table 1, it can be seen that the BHandHLYP/
cc-pVDZ method can give a reasonable prediction for vibrational
frequencies and is comparable to the QCISD/cc-pVDZ method
for the present reaction.

The reaction energie\V), the classical potential barriers
(VH), the vibrationally adiabatic ground-state potenti\iﬁ)(
and the reaction enthalpieAki3.g,) are listed in Table 2. Note
that the values o¥* and V< are calculated at the correspond-
ing saddle points. For the H abstraction channel, the refined
reaction enthalpies are15.39,—15.29, and-14.70 kcal mot?
at the QCISD(T)/cc-pVTZ level of theory and arel4.76,
—14.88, and—14.25 kcal mot! at the HL level of theory,
respectively, based on the geometries optimized at the QCISD/
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Figure 1. Pictorial of optimized geometries of the stationary points.

TABLE 1: Harmonic Vibrational Frequencies (cm~1) and Zero-Point Energy (kcal moi~1) of the Reactant, Products, and
Transition States Using the Three Methods with the Same Basis Set cc-pVDZ

species methods frequencies ZPE

HCOCI(G) BHandHLYP 476 767 994 1369 1953 3164 12.47
MP2 460 750 955 1350 1816 3112 12.07
QCISD 464 755 955 1354 1848 3094 12.11
expt 457b 738.8p 932.¢ 130”4d 17842 2929.18

COCI(G) BHandHLYP 334 594 2058 4.27
MP2 371 635 1959 4.24
QCISD 287 553 1928 3.96
expt 334.6 570.8 1884

Ha(Deoh) BHandHLYP 4478 6.40
MP2 4501 6.43
QCISD 4383 6.26
expt 4401

TS1(G) BHandHLYP 298 332 454 695 1116 1280 1372 2020 1652i 10.82
MP2 306 334 440 684 1143 1282 1416 2223 2215i 11.20
QCISD 290 330 444 687 1090 1276 1350 1904 1887i 10.54

HCO(G) BHandHLYP 1139 2043 2747 8.48
MP2 1124 1942 2712 8.26
QCISD 1135 1893 2675 8.15
expk 1076.5 1858 2442

HCI(Cov) BHandHLYP 3041 4.35
MP2 3075 4.40
QCISD 3031 4.33
expt 2991

TS2(G) BHandHLYP 259 308 424 693 852 1242 2013 3080 978i 12.69
MP2 264 334 439 716 838 1214 2131 3005 1460i 12.76
QCISD 264 301 408 667 819 1233 1886 3011 1131i 12.28

aReference 20° Reference 47¢ Reference 459 Reference53¢ Reference 46.Reference 499 Reference48? Reference 50.Reference 52.

kReference 51.

cc-pVDZ, BHandHLYP/cc-pVDZ, and MP2/cc-pVDZ levels of  and 0.45 kcal mol. It is obvious that the reaction enthalpies
theory, whereas the corresponding difference between the datacalculated at the QCISD(T)//QCISD (HL//QCISD) and QCISD-
from the QCISD(T) and HL levels of theory are 0.63, 0.41, (T)//BHandHLYP ((HL//BHandHLYP) levels of theory are very
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TABLE 2: Reaction Energetic Parameters (kcal mof?) at
Different Levels of Theory

—~
)
=2

204

method AVA  VED VOD AR © 1.8
CHCIO+ H — COCI+ H, 16
BHandHLYP/cc-pVDZ -11.70 578 4.13 —14.60 '
MP2/cc-pVDZ —7.63 12.80 11.94 —9.79
QCISD/cc-pVDZ —-12.73 9.41 7.57-15.77 49

QCISD(T)/cc-pVTZ//BHandHLYP/  —12.39 8.32 6.67 —15.29
cc-pvDz

QCISD(T)/cc-pVTZ/IMP2/cc-pVDZ  —12.54 8.05 7.17 —14.70

QCISD(T)/cc-pVTZ/IQCISD/cc-pVDZ—12.35 8.26 6.69 —15.39

1.2

1.04

Bond distances (Angstrom)

HL//BHandHLYP/cc-pvVDZ —11.98 8.12 6.47 —14.88
HL//MP2/cc-pVDZ —12.09 7.81 6.93—14.25 0.8
HL//QCISD/cc-pvDZ —11.72 8.09 6.52 —14.76

CHCIO+ H— HCO+ HCI 06 — T T T T T
BHandHLYP/cc-pvDZ —23.10 10.26 10.48 —22.03 A5 1.0 05 0.0 0.5 10 5
MP2/cc-pvVDZ —16.70 19.76 20.47 —15.17 s ((amu)"™ bohr)
QCISD/cc-pVDZ —23.18 14.36 14.52—22.08

QCISD(T)/cc-pVTZ/IBHandHLYP/  —21.73 10.94 11.15-20.66
cc-pvDZz

QCISD(T)/cc-pVTZ/IMP2/cc-pvDZ  —21.75 10.27 10.98 —20.22

QCISD(T)/cc-pVTZ/IQCISD/cc-pVDZ —21.70 10.96 11.13 —20.60

—
o
-~

2.4 4

2.2 4

HL//BHandHLYP/cc-pvVDZ —21.44 9.64 9.85-20.37
HL/IMP2/cc-pVDZ —21.45 8.64 9.35-19.92
HL//QCISD/cc-pVDZ —21.38 9.70 9.87 —20.28 201

aReaction energy without zero-point energy correctfofihe V* and
VaG are calculated at the corresponding saddle péiReaction en-
thalpy at 298 K.

close with the difference of only 0.1 (0.12) kcal myl the
QCISD(T)/IMP2 (HL//IMP2) overestimates the reaction enthalpy
compared to the QCISD(T)//QCISD method. This difference

Bond distances (Angstrom)

. ) A . C.H,

in reaction enthalpy may primarily come from the difference 10 e 7 o AR s AR s
in geometries of the transition state, where the active bonds »

optimized at the QCISD/cc-pVDZ and BHandHLYP/cc-pvVDZ $ ((amu) ™ bohr)

levels of theory are close compared to those optimized at the Figure 2. Bond distance curves of the reaction as functions of the
_ _rafi ; _ reaction coordinates at the BHandHLYP/cc-pVDZ, MP2/cc-pVDZ,

MPZ/CC lpVIDtZ (ljevil ?I: theBol_r|y' LZQLFY)"Pe /reflnsgéeactljon eglt 2?)' / and QCISD/cc-pVDZ levels of theory. (a) The H abstraction channel.

pies calcuiated a € an . cc-p . an .Q (b) The CI abstraction channel.

cc-pVDZ levels of theory are also quite good with the difference

smaller than 1 (1.01) kcal mot compared to the refined

enthalpies from the QCISD(T) (HL) level of theory. However,

MP2/cc-pVDZ provides a bad estimation for the reaction

enthalpy. The same trend also appears in the vibrationally

adiabatic ground-state potentials. For the Cl abstraction channel

compared to the refined enthalpy from the QCISD(T)//QCISD ; ; oo ;

(HL/?QCISD) level of theory tFi)1ye result p%vided( b)yQI\/IPZI (VTST-ISPEF! method is used for interpolating information

0 I he MEPs.
cc-pVDZ has the largest discrepancy of 5.43 (5.11) kcalol along the S

whereas QCISD(T)//BHandHLYP (HL/BHandHLYP) affords ~_Figure 2 displays how bond-lengths vary as functions of the
good result with the difference of only 0.06 (0.38) kcal mol ~ 'eaction coordinates at the BHandHLYP/cc-pvDZ, MP2/

Briefly, it can be pointed out that the BHandHLYP/cc-pvDz ~ ¢¢-PVDZ, and QCISD/cc-pVDZ levels of theory. It can be seen
and QCISD/cc-pVDZ levels provide resonable geometric in- that the curves of each bond obtained by_dn‘ferent calpglatlon
formation, and additional single-point HL calculations are methoo!s nearly overlap. For the H abstraction channel, it is seen
needed to get accurate energetic information. Unfortunately, fom Figure 1a that the change of thezl—zl-Cl bond length
there are no available experimental data for comparison. It may'€Mains insensitive up ts = —0.3amd’? bohr and then

be suggested that the energetic information obtained at the HL//Ncreases smoothly afterward with the increase of the IRC
BHandHLYP and HL//QCISD levels of theory are relatively ~Ccoordinate. However, theatHs bond length decreases smoothly
reliable. to the H-H bond distance of 0.76 A at= 0.6 amd2 bohr.

As can be seen from Table 2, it is obvious that the barrier 11iS means that the synergetic process of forming theHt
heights of the H abstraction channel are smaller than those ofP0nd and breaking thez+C, bond of the H abstraction channel
the Cl abstraction channel at all of the three levels of theory, {@kes place in the regios,= —0.3~0.6 amd' bohr along the
respectively. Consequently, it could be anticipated that the rate MEP- For the Cl abstraction channel, the variation of the-Cl
constant of the H abstraction channel will be larger than those C1 bond distance is very mild along the whole MEP compared
of the CI abstraction channel. to the H—C; bond of the H abstraction channel. As shown in

B. Reaction Path Properties.The MEPs froms = —1.50 Figure 1b, the HCI is formed &= ~0.75 am&' bohr.
to +1.50 (amu¥? bohr, done in the mass weighted Cartesian ~ The classical potential energy curv&kp) and vibrationally
coordinate with a step size of 0.01 aHibohr using the intrinsic adiabatic ground-state potential energy curva) (of both
reaction coordinate (IRC) methétiare obtained at the BHandH-  channels as functions of the reaction coordirsdee presented
LYP/cc-pVDZ, MP2/cc-pVDZ, and QCISD/cc-pVDZ levels of  in Figure 3 at the HL level of theory. It is clear that both reaction
theory. Furthermore, at 20 selected points (10 points in the channels undergo an elementary reaction process. Around the

reactant channel and 10 points in the product channel) along
the MEP, the Hessian matrixes and the harmonic vibrational
frequencies are obtained. Then the energies are recalculated
along the MEPs at the HL level of theory. The variational
transition state theory with interpolated single-point energies
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0 — Figure 4. Calculated Arrhenius plots of the rate constants at the HL//
-2 BHandHLYP and HL//QCISD levels of theory of the reaction vs 1000/
A T(K™). (a) The H abstraction channel. (b) The Cl abstraction channel.
-1.5 -1.0 -0.5 0.0 0.5 1.0 15
s ((amu)" bohr) ICVT/SCT rate constants are consistently larger than the ICVT

. . . rate constants with thid""SCT/K"VT factors of 1.08 and 1.06
Figure 3. Classical potential energWfer) and the ground state 1
vibrationally adiabatic potential energyi) curves of the reaction as at 2500 K at th_e HL/BHandHLYP and HL//QCISD I_evels of
functions of the reaction coordinageat the HL/BHandHLYP, HL/ theory, respectively, and the corresponding factors increase to

MP2, and HL//QCISD levels of theory. (a) The H abstraction channel. 37.2 and 25.5 at 300 K. This trend is quite obvious in Figure
(b) The CI abstraction channel. 4a. The results tally with the character of the H transfer reaction,

namely, the tunneling effect is crucial in the H transfer reaction.
top of Viep and VS , the curves of the Cl abstraction channel Similarly to the H abstraction channel, the variational effect on
are slightly flatter than those of the H abstraction channel, which the calculation value of rate constant may be ignored for the CI
may result in a stronger quantum transmission effect of the H channel. However, the tunneling effects for this channel are
abstraction channel than that of the Cl abstraction channel. rather slender at the HL//BHandHLYP level and nearly disap-

C. Rate Constant Calculations. Because the energetic pear at the HL//QCISD level (see Figure 4b).

information provided by the HL//MP2 level of theory is From our calculations, the rate constdatis consistently
unsatisfactory compared to those by the HL//BHandHLYP and |arger than the rate constakit and the difference betweda
QCISD(T)/IQCISD levels of theory, here only the TST, ICVT, andk, increases with the decrease of the temperatures. From
and ICVT/SCT rate constants calculated at the HL//BHandH- 300 to 2500 K, the ranges of the factor ki(fVT/SCT/k'ZCVT/SCT
LYP and HL//QCISD levels of theory are discussed for both 5re about 5x 12~2 and 7x 10~4 at the HL//BHandHLYP
the H abstraction and the Cl abstraction channels in the and HL/QCISD levels of theory, respectively. As a result, the
temperature range of 362500 K. It should be pointed out | abstraction channel for the HCOGH H reaction is the
that the symmetry numbers of both channels of the title reaction gominating reaction at the whole temperature range.
are equal to 1. The three-parameter Arrhenius expressions

of the calculated ICVT/SCT rate constarik$"s¢(T) = 1.16

x 1019 T26I-101840 and KOISCI(T) = 164 x 1028 |V SUMMAY
T2.2%(~1943.1 for the H abstraction channel akf*"s¢"(T) = We presented a direct ab initio dynamics study of the thermal
1.16 x 10°17T19G(-30171N gand kVTSCY(T) = 1.85 x rate constants of two channels of the reaction of HCOGH.

10-18T2.1%(=3473.4T) for the Cl abstraction channel, are fitted at The calculated structural information, at the BHandHLYP/
the HL//BHandHLYP/cc-pVDZ and HL//QCISD/cc-pVDZ lev-  cc-pVDZ, MP2/cc-pVDZ, and QCISD/cc-pVDZ levels of
els of theory, respectively. Figure 4 shows the Arrhenius plots theory, are similar to each other and are in good agreement with
calculated from the HL//BHandHLYP and HL/QCISD methods the available experimental data. The computed reaction enthal-
vs the temperatures. pies of both channels are quite close at the HL//BHandHLYP
For the H abstraction channel, it can be found that the four and HL/QCISD as well as QCISD(T)//BHandHLYP and
curves of the TST and ICVT rate constants at both theory levels QCISD(T)//QCISD levels of theory, respectively. This suggests
are quite close, indicating that the variational effects on the that the BHandHLYP/cc-pVDZ and QCISD/cc-pVDZ levels of
calculation of rate constants are small for the reaction. The theory can provide reasonable geometric information. Further-
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more, HL single-point energy refinement are needed to get more
accurate energetic.

The rate constants of the reaction are evaluated using the TST
ICVT, and ICVT/SCT methods in the temperature range of
300-2500 K. The Arrhenius expressions of the calculated
ICVT/SCT rate constants fitted at the HL/BHandHLYP/
cc-pvVDZ and HL//QCISD/cc-pVDZ levels of theory for the
H abstraction channel and™/"SC™(T) = 1.16 x 10719 T261
—1018.4T) gng k;CVT/SCT(T) = 1.64 x 10718 T225(-1943.1M)
and for the Cl abstraction channel ald™/"sCT(T) =
1.16 x 10°17T19G(-30171M gand kVTSC(T) = 1.85 x
101872.1%¢(=347341) respectively. The results show that the rate

constants for both channels have a positive temperature depen

dence in the temperature range 3@500 K. The tunneling
effect is important in the H abstraction channel. The ClI
abstraction channel is the minor reaction at the whole tempe
ature range.

r_

Consider that the orders of magnitude of the rate constants
of the reactions for HCOCI with CI, OH, and,B at about 300
K are about-13~ —1217719 —1321 and —22 20 respectively.
At 300 K, the rate constant of the H abstraction channel of the
title reaction is at the order of magnitude-ef4 and—15 from
the HL//BHandHLYP and HL//QCISD methods, respectively.
Then the reaction feasibility of formyl chloride with the species

in the atmosphere, mentioned above in the present study, is Cl

> OH > H > H0.
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