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The potential energy surfaces of dissociation and elimination reactions fg€@€l in the ground (§ and

first excited singlet (9 states have been mapped with the different ab inito calculations. Mechanistic
photodissociation of CECOCI has been characterized through the intrinsic reaction coordinate and ab initio
molecular dynamics calculations. TheC—C bond cleavage along the Bathway leads to the fragments of
COCIPA") and CH (?A") in an excited electronic state and a high barrier exists on the pathway. This channel
is inaccessible in energy upon photoexcitation of thes@BICI molecules at 236 nm. Thg &-C—Cl bond
cleavage vyields the CR) and CHCO(X?A") fragments in the ground state and there is very small or no
barrier on the pathway. The; &-C—Cl bond cleavage proceeds in a time scale of picosecond in the gas
phase, followed by CECO decomposition to CHand CO. The barrier to the-&Cl bond cleavage on the S
surface is significantly increased by effects of the argon matrix. The-G—Cl bond cleavage in the argon
matrix becomes inaccessible in energy upon photoexcitation @€COI&| at 266 nm. In this case, the excited
CH;COCI(S) molecules cannot undergo the-Cl bond cleavage in a short period. The internal conversion
from S, to S becomes the dominant process for thesCBCI(S) molecules in the condensed phase. As a
result, the direct HCI elimination in the ground state becomes the exclusive channel upon 266 nm
photodissociation of CECOCI in the argon matrix at 11 K.

Introduction CH;CO—CH; + CO (1.2)

Acetyl chloride (CHCOCI) is an important organic com-

pound and particular attention has been recently devoted to its!" Order to explore dissociation behavior of acetyl radical,
photodissociation in both the gas and solid phas@sThe photolysis of gaseous GBOCH at 193 and 248 nm has been

photodissociation of CECOCI is interesting from both an studied by molecular beam photofragment translational spec-
environmental and fundamental chemistry perspeétfélThe troscopy-® Energy barrier of the radical dissociation (eq 1.1)
discharge of chlorine-containing compounds into the environ- Was experimentally estimated to be 12:83.0 kcal/mol. The
ment has raised concern regarding their potential impact on ©~C @nd C-Cl bonds have similar strength and theC—C
stratospheric 0zone abundances and groundwater supiles. bond cleavage might take place after photoexcitation of gaseous
In addition, the acetyl radical (GJEO) is one of the important ~ CHsCOCI at 236 nm or shorter wavelengths:
intermediates in combustion processes and atmospheric reac-
tions, and studies on electronic structure and dissociation
dynamics of this radical are very helpful for atmospheric — .
chemistry14The C—Cl bond cleavage of C#£OClI is one of The COCl radical is very unstable and can decompose into CO
main pathways for generating GEO radical. and CI:
Photofragment ion imaging technique was used to study the
photodissociation of gaseous @EDCI at 236 nnf:®> The

decomposition products formed following irradiation are atomic But the photoproducts of G+and COCI (CO and Cl) were not

chlorine (Cl), acetyl radical, methyl radical (g and carbon observed in the :
) i - photolysis of gaseous4CBCI. Photofragment
monoxide (CO); no other photoproducts are observed in the ion imaging with femtosecond real-time clocking has been

gas phase. Crossed laser-molecular beam experitishiswed applied the G-Cl bond cleavage from thiewr* state of gaseous

one primary.di:.;sociation channel of gaseoussCE(Cl, the CH3COCI18 It was found that the cleavage occurs within the
C—Cl bond fission: time comparable with laser pulse duration of 200 fs.

To understand the mechanism of the LLACI photodecom-
position in the condensed phase, Rowland and Héws/e used
) ] ~ polarized Fourier transform infrared (FTIR) absorption spec-
The formed CHCO radical undergoes secondary dissociation roscopy to probe the photodecomposition products of acetyl
to produce CO and CHwith a significant amount of energy  cpjoride in an Ar matrix at 11 K following irradiation at 266
partitioned into translational motiot? nm. The observed products are ketene ££B=0) and
hydrochloric acid (HCI):

CH,COCI + hy — CH, + COCI )

COCl— CO+ Cl (2.1)

CH,COCI + hy — CH,CO + Cl @)

T Part of the “Sheng Hsien Lin Festschrift”.

* Corresponding author. Tel.:+86-10-58805382. Fax:+86-10-5880-
2075. E-mail: Fangwh@bnu.edu.cn. CH,COCI+ hy — CH,CO + HCI 3)

10.1021/jp073875+ CCC: $37.00 © 2007 American Chemical Society
Published on Web 08/07/2007



9356 J. Phys. Chem. A, Vol. 111, No. 38, 2007 Chen and Fang

No other products were detected even after prolonged irradiation  To provide new insights into the mechanistic photochemistry
of CH3COCI in the condensed phase. Acetyl chloride in an argon of acetyl chlorides and related compounds, we took@BICI
matrix was found to decompose on irradiation into ketene and as a representative in the present work, and have carried out
hydrogen chloride, which formed the ketenelCl complext’ density functional theory (DFT) and complete active space self-
The fundamental vibrational frequency of HCI in the complex consistent field (CASSCF) studies on potential energy surfaces
was observed at 2679 cry 191 cnt! below the frequency of  of the CHCOCI dissociation in the Sand S states. Ab initio

the corresponding HCI monomer in solid argon. It is evident molecular dynamics calculations were conducted to determine
that the observed photoproducts are dependent on the initialthe initial relaxation process from the; $ranck-Condon

phases of the reactant. geometry and the HCI elimination dynamics. TheCS-Cl bond
Photolysis of matrix-isolated GEOCI has been investigated ~cleavage is predicted to occur in about 200 fs and is the
with IR spectroscopy and it was found that LOCI is dominant primary process upon photodissociaiton o§CBICI
decomposed in an argon matrix to producesClFand CO. A in the gas phase. The polarized continuum model (PCM) was
radical mechanism was suggested for formation of@=nd used to simulate effect of argon at 11 K on the-@ bond

CO18 Matrix isolation study on the photolysis of GCIOCI cleavage along the;$athway. The barrier to the-€Cl bond
has been performed, and GCind CO were found to be cleavage on the Surface is significantly increased by effects
dominant products in the Ar matri®.But the CC} and COCI of the matrix and the internal conversion to the ground state
radicals were observed as intermediates, indicating thatt#@ C  prevails. The direct HCI elimination becomes the dominant
bond cleavage occurs in the matrix. The marked difference existschannel upon photodissociation of gEOCI in the argon matrix

in mechanistic photochemistry of matrix-isolated £CH¥DCI and at 11 K.

CCIzCOCI, which was attributed to the triplet surface reaction

of CCCOCI. Computational Methods

As a complementary of experimental works, structural ] )
parameters, fundamental vibrational frequencies, and relative ~Stationary structures on thg Botential energy surface (PES_)
energies of CHCOCI and CHCO in the ground state were have been optimized with the B3LYP method, which is
determined from several theoretical calculati&hg? At the composed of Becke’s three-parameter hybrid exchange func-
UHE level of theory, optimal geometries for GEIO have been tional (B3)f® and the correlation functional of Lee, Yang, and
reported by Francisco and Abers#lavith the 6-31G(d) basis ~ Parr (LYP)?® The harmonic vibrational frequencies were
set and by Nimlos et &t with the larger 6-31%+G(d,p) basis examined to confirm the optimized structure to be a true
set. The differences in the geometry with these two basis setsminimum or first-order saddle point on thg BES. The intrinsic
are very small. Sumathi and Chandra optimized the geometriesreaCtion coordinate (IRC) calculations have been carried out at
of CH3COCI and CHCO at the MP2 level of theory with the  the B3LYP level with the saddle-point structures as the starting
6-31G(d) and 6-31IG(d,p) basis séf3.In addition, energy points, in order to confirm the optimized saddle point to be on
barrier for CHCO dissociation is predicted to be 19.1 kcal/ the correct reaction pathway. The complete-active-space self-
mol at the MP2/cc-pVTZ level by Deshmukh et5allhe consistent field (CASSCF) wave function has sufficient flex-
structures of CHCOCI in the $ and T; electronic states were  ibility to model the changes in electronic structure upon
calculated by the MP2 and CASSCF methdtiit. was found electronic excitatioR?28which is employed to optimize station-
that electronic excitation causes considerable conformational@ry structures on the;otential energy surface of the-Cl
changes involving rotation of the GHop and a substantial and C-C bond fissions. In the CASSCF calculations, the active
deviation of the CCOCI fragment from planarity. In addition, space is composed of ten electrons distributed in eight orbitals,
two-dimensional potential energy surface was calculated for referred to as CAS(10,8) hereafter. The CAS(10,8) calculation
torsional-inversion in the Sand T; states. As far as we know, IS related to finite inclusion of electron correlation effect. To
there is no ab initio study on the photolysis of €HDCI in the make compensation for this, the single-point energy is calculated
gas and condensed phases. with the multireference configuration interaction (MR-CI)

The photoreactivity of acetyl chloride is highly sensitive to Method on the CAS(10,8) wave functions. The cc-pVDZ and
the initial phase of the reactant and the photoproducts in the CC-PVTZ basis set8are used in the present study. The CASSCF
gas phase are completely different from those in the condensed®nd DFT calculations were performed using the Gaussian 98
phase. Although there are several experimental studies regarding"d 03 packages of prograrffsyhile the MOLPRO program
photodissoiation of CKECOCI in the gas and condensed phases, Packagé' was used to perform the MR-CI calculations.
the inferences about the mechanisms are rather speculative and The polarized continuum model (PC#yvas used to simulate
not well substantiated in the previous studies. The most pressingeffect of argon at 11 K on the-©Cl bond cleavage along the
issue is mechanistic photodissociation of COCI in the S; pathway. The dielectric constant of 2.38 and temperature of
condensed phase. The-Cl bond cleavage in the gas-phase 11 K were selected to simulate effect of the matrix with the
takes place in a time scale of ps. If the-%, internal conversion PCM model. Ab initio classical trajectory calculati§h&were
in the Franck-Condon region and the subsequent elimination performed using a BoraOppenheimer molecular dynamics
of HCI in the condensed phase are more rapid than th€IC model3536 The trajectories start at the transition state of the
bond cleavage in the gas phase, the time scale for these processétCl elimination, and were stopped when the centers of mass
in the condensed phase is on the order of fs. Obviously, this is of the products were 12 bohr apart. Fifty trajectories were
an unreasonable conclusion. The-C and C-Cl bonds have integrated at the B3LYP/cc-pVDZ level for the HCI elimination
similar strength in CHICOCI. It can be expected that theC—C of CH3COCI in the ground state. The initial conditions for the
and o-C—Cl bond cleavages could be competitive with each trajectory calculations were chosen to simulate photolysis of
other upon photoexcitation of GBOCI at 236 nm. However, = CHsCOCI at 236 nm with the initial kinetic energy that
only the fragments from the-©CI bond fission were observed corresponds to the energy difference between 236 nm photon
by photolysis of CHCOCI in the gas phase. The underlying and the transition state of the HCI elimination. The total angular
reason is not completely clear. momentum was set to zero. The Hessian was updated for 5 steps
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CH;COCI (Sg) (2) CH;COCI (Sy) (s) CH;COCI (84) (g) CH;COCL (Sy) (s) TSuci (Se) (8)

TSc.c1 (81) (@) TSc.c1 (81) (5) TSe.c ($1) () CH,CO (?A) TSeo

Figure 1. The stationary structures along with the key B3LYP/cc-pVDZ bond parameters fie3oh CH:CORA'), and TSo, and the CAS(10,8)/
cc-pVDZ bond parameters for other geometries (bond lengths in A, and bond angles and dihedral angles in degree). g and s denote the bond
parameters optimized at the gas phase and argon matrix with the PCM model, respectively.

before being recalculated analytically. A step size of 0.25 %0 TSuci (So)

amu2pohr was used for all of the trajectory calculations.

40 |
Results and Discussion
30 | CH,CO|
Equilibrium Geometries. Equilibrium geometry and elec- +HCI
tronic structure are basic, but very important, properties of a
molecule. Experimentally, microwave spectrosc@nd gas-
phase electron diffraction experimé&hshowed that CECOCI
in the ground state exists as a single conformer, which is labeled
by CH;COCI(S) in Figure 1. The CHCOCI molecule in ground 0 CH,coct
state hasCs symmetry with all of the heavy atoms and one of
the methyl hydrogen atoms in the plane of symmetry. The
experimentally inferred C¥COCI(S) structur&?2:3°are well
reproduced by the previous MP2 calculation with the 6-31IG(d,p)
basis set and the present B3LYP and CAS(10,8) calculations
with cc-pVDZ and cc-pVTZ basis sets (Supporting information). cc-pVDZ bond parameters. The €CI3 and H5-CI3 distances

The S equilibrium geometry of CECOCI is optimized with are respectively 2.822 and 1.800 A in theE8Sy) structure.
the CAS(10,8)/cc-pVDZ approach. The resulting structure is The large C+CI3 separation gives us a hint that,t%So) could
shown in Figure 1, along with the key CAS(10,8)/cc-pVDZ bond  be a transition state for hydrogen abstraction of the acetyl radical
parameters. In comparison with the equilibrium geometry in by the free chlorine atom. In order to confirm &) to be
the ground state, the G102 bond length is elongated by 0.186 the transition state of the direct HCI elimination, the IRC
A in the S structure. The O2C1-C4-CI3 dihedral angle is  calculations were carried out at the B3LYP/cc-pVDZ level with
decreased from 18C.0n the & structure to 130.0in the S the TSic(Sp) structure as the staring point. &Sy was
structure. Natural orbital analysis clearly shows that thet&e confirmed to connect the GGEOCI on the reactant side and
originates from the #+7* excitation. One electron excitation ~ CH,CO + HCI on the product side. Energies from the IRC
from n tos* orbital leads to a partial breaking of the=® = calcualtions are plotted in Figure 2 as a function of reaction
bond. As a result of this, the €O bond is significantly coordinate. The direati-elimination of HCI has a barrier of
elongated in $with respect to that in & From the viewpoint 44.5 kcal/mol at the B3LYP/cc-pVDZ level and 44.2 kcal/mol
of valence bond theory, the-fir* excitation makes the carbonyl  at the B3LYP/cc-pVTZ level. The barrier becomes 40.7 and
C atom rehybridize from gpin the ground state to $fn the § 40.6 kcal/mol with the zero-point energy correction included
state, resulting in the ;Spyramidal structure at the carbonyl at the B3LYP/cc-pVDZ and B3LYP/cc-pVTZ levels, respec-
carbon atom. The similar results were obtained from the tively.
CAS(10,8)/cc-pVTZ calculations. It is obvious that the present  The IRC calculations ignore the effects of vibrational and
CASSCF calculations provide a good description on the kinetic energies on the reaction processes. It has been shown
structures of CHCOCI in the $ and S states. In fact, the ;S that reactions do not necessarily follow the IRC pathways when
state has common pyramidal equilibrium geometry for a wide kinetic energy is accounted fét45 In view of this, the
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Figure 2. Schematic potential energy surfaces of the HCI elimination
reactions.

variety of aliphatic carbonyl moleculg:43 dissociation of CHCOCI to CHCO + HCI has been studied
a-Elimination of HCI. The dissociation of CECOCI into by direct classical trajectory calculations using the B3LYP/cc-
CH,CO + HCI is generally assigned as am-elimination pVDZ method. The initial conditions for the trajectory calcula-

process. A transition state was optimized at the B3LYP/cc- tions were chosen to simulate photolysis of LCI at 236
pVDZ and B3LYP/cc-pVTZ levels and confirmed to be the first- nm with the initial kinetic energy of 76.6 kcal/mol, which
order saddle point on theg$athway, which is denoted by corresponds to the energy difference between 236 nm photon
TShci(So). Its structure is shown in Figure 1 along with B3LYP/  (121.1 kcal/mol) and the T(So) energy (44.5 kcal/mol). The
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Figure 3. The distances between the centers of mass for HCI and
CH.CO are plotted as functions of time for the fifty trajectories.
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Figure 4. Schematic potential energy profiles for the-C and C-ClI
bond cleavages of GJEOCI in the $ and S states, along with the
MR-CI relative energy (kcal/mol).

distances between the centers of mass are plotted in Figure 3The qualitative state correlation analysis is consistent with the

as a function of time for all fifty trajectories. The two fragments
of HCIl and CHCO are completely separated (larger than 12

bohr) after 250 fs propagations of the trajectories. This gives

further evidence that the-elimination of HCI from CHCOCI
is a direct elimination process with GEBO as coproduct.

All attempts to optimize a transition state for the direct
a-elimination of HCI on the $state were unsuccessful. The
direct a-elimination of HCI involves cleavages of the—CI
and C-H bonds, formation of the HCI bond, and a large
deformation of the molecular structure, simultaneously. It is
reasonable to expect that on theste the direati-elimination
should not compete with the -&Cl bond fission and other
photophysical processes. Ketene (Et€=0) and HCI were

calculated potential energy surfacesse€—Cl and C-C bond
cleavages, which will be discussed below.

CH;COCI may dissociate into &0 + Cl and CH + COCI
along the ground-state pathways. We have made efforts to
optimize a transition state for the-C—Cl or a-C—C bond
cleavage in the ground state, but optimizations always lead to
the dissociation limit of CHCO + CI or CH; + COCI. It is
evident that no potential barrier above the endothermicity exists
on the $ pathway to CHCO + Cl or CH; + COCI.

The adiabatic excitation energy-{0 energy gap) from &
to S was first calculated with the CAS(10,8)/cc-pVDZ ap-
proach, which gives the value of 103.2 kcal/mol for the-S
S, transition of CHCOCI. On the basis of the CAS(10,8)/cc-

observed as exclusive products upon photodissociation of pvVDZ optimized structures for theo&nd S states, the 60

CH3COCI in the argon matrix at 11 R? The a-elimination of
HCI was proposed to proceed directly along the&thway as

energy gap was predicted to be 98.4 kcal/mol by the MR-CI
single-point energy calculations. As far as we know, the band

aresult of internal conversion from an excited singlet state. Both origin for the $ — S; transition of CHCOCI was not reported
the present theoretical calculations and the previous experimentaln the literature up to date. Two transition states, referred to as

observations agree in predicting that the direetlimination
of HCI occurs on the &surface.

a-C—Cl and C—C Bond CleavagesPhotoexcitation of a
carbonyl compound from the ground statg)(® its first excited
state () leads primarily to the cleavage of a bondto the
carbonyl group, which is referred to as Norrish type | reaction.

TSc—c(S1) and TS-ci(S1) hereafter, were found on the; S
surface and confirmed to be the first-order saddle points by
frequency calculations. The imaginary vibrational modes show
that TS-c(S1) and TS-c(Sy) are the transition states on the
S, pathways to CH{X2A’) + COCI(A2A") and CHCO(X?A')

+ CI(®P), respectively. At the CAS(10,8)/cc-pVDZ level, the

There are comparable pre-exponential factors for different bond C—C distance is 2.210 A in TS(S1) and the G-Cl distance
fissions, and the relative strengths of the alpha bonds closelyis 2.069 A in T$—c(S,), which are 0.713 and 0.271 A longer

approximate the relative barrier heights. It is generally thought
that the weaker of the twa. bonds cleaves most readily upon
low-energy photon excitation. However, the experimental
investigations™7 on photodissociation of C3€OCI have dem-
onstrated that thex-C—CI bond breaks in high yield and
cleavage of then-C—C bond occurs with little probability,
although the twoa bonds have similar strength with the
dissociation energy of about 80 kcal/ntélHere, the potential
energy surfaces of tre-C—Cl anda-C—C bond cleavages were
determined by the combined MR-CI and CASSCF calculations.
Both COCI and CH radicals have?A’ symmetry in the

than the corresponding values in ther@inimum. With respect

to the vibrational zero-level of the; State, the barrier heights
for the C-C and C-Cl bond fissions on the;Surface are 45.8
and 4.0 kcal/mol at the CAS(10,8)/cc-pVDZ level, respectively.
They become 41.4 and 1.5 kcal/mol by the MR-CI single-point
energy calculations. The potential energy surfaces for th€ C
and C-CI bond cleavages are shown in Figure 4, along with
the MR-CI relative energies. It is obvious that thetfarrier to
the a-C—CI bond cleavage is much lower than that for the
o-C—C bond fission along the;$athway. As discussed before,
the § C—C bond fission leads to the GEK2A’) + COCI(A?A")

ground state. When the two ground-state radicals approach eacliragments in the excited-state with high endothermicity, while

other in G symmetry, they can correlate with GEOCI in the
S state. Therefore, the GBOCI in the S state only can
correlate with the COCIA") and CH (2A’) fragments in an
excited electronic state. Unlike the C—C bond cleavage,
fission of thea-C—Cl bond produces the CR) atom, which
is 3-fold degenerate. When the & atom and the C4CO-
(X2A") radical approach each other in €ymmetry, they can
correlate adiabatically with theySS;, and $ states of CHCOCI.

the S C—Cl bond cleavage produces the FD(X2A') +
CI(3P) fragments in the ground state and is exothermic by about
20 kcal/mol. These are main reasons why theCSC bond
fission has a barrier that is much higher than that for the S
C—Cl bond cleavage, which provides a reasonable explanation
why the C-CI bond cleavage was experimentally observed to
be dominant channel upon—it* excitation of CHCOCI in

the gas phase.
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The formed CHCO radical can undergo secondary dissocia-
tion to produce CO and CHn the ground state. In order to
elucidate the mechanism of GEIO dissociation, the geometries
of the 2A" ground state of CECO and transition state for the
CH3CO dissociation were optimized at the B3LYP/cc-pvDZ
and B3LYP/cc-pVTZ levels. The optimized structure of LD
in the ground state, labeled as gEOEA’), is shown in Figure
1 along with the B3LYP/cc-pVDZ bond parameters.

The structure of transition state for the g dissociation,
denoted by T&o, is given in Figure 1 along with the key
B3LYP/cc-pVDZ parameters. It can be seen from the:dS
structure that the G2C3 bond is elongated by 0.796 A with
respect to CHCOA'). As opposed to CECOA"), the H-C3-H
angle increases from 110.60 118.4, which implies the
rehybridization of C3 atom from 8pto s. The CHCO
dissociation has a barrier of 20.4 kcal/mol at the B3LYP/cc-
pVDZ level and 19.6 kcal/mol at the B3LYP/cc-pVTZ level.
The barrier becomes 17.0 and 16.3 kcal/mol with the zero-point
energy correction included at the B3LYP/cc-pVDZ and B3LYP/
cc-pVTZ levels, respectively. These results satisfactorily agree
with that obtained from molecular beam photofragment trans-
lational spectroscopy (178 3.0 kcal/mol)? after photoexci-
tation of CHCOCI at 236 nm, the C#COCI(S) molecule has
sufficient internal energies to overcome the barriea16—Cl
bond cleavage and rapidly decompose intosC8& and Cl in
the gas phase. In this case, the formed@® radical can further
dissociate into Ckland CO.

Here we performed ab initio molecular dynamic calculation
to provide further evidence for the rapid &—Cl bond cleavage.
The initial conditions for trajectory calculations have been
chosen to simulate the experimental photodissociation of
CH3COCI at 236 nm. Trajectory starts from the Branck-
Condon (FC) geometry with the initial kinetic energy of 5.0
kcal/mol, which is randomly distributed among the vibrational
degrees of freedom. The potential energy and the key bond
parameters as a function of time are plotted in Figure 5. The
C—CI bond length is decreased to the éjuilibrium value at
the initial stage and then the<Cl bond cleaves after 200 fs.
The C-0O bond length is 1.185 A at the starting point of the
trajectory, and increases very fast to a maximum value of 1.673
A. After 200 fs propagation, the-€0 bond length oscillates in
the vicinity of 1.20 A. Similarly, the O2C1-C4-CI3 dihedral
angle is changed from 180.@t the § FC structure to about
130 in the vicinity of the § minimum and to about 90in the
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Figure 5. The C-CI distance (a), the €0 distance (b), and the
CASSCF energies (c) are plotted as functions of time for the trajectory
starting from the §Franck-Condon geometry.

As pointed out before, the -€CI bond fission along the ;S

pathway has a barrier of 4.0 kcal/mol at the CAS(10,8)/cc-pvVDZ
level for CHCOCI in the gas phase. The matrix effects can be
split into two contributions: geometry relaxation and inter-

fragment region. The corresponding changes in energy can bemgjecular interaction between matrix and the investigated
seen from Figure 5. On average, the trajectory reaches thesystem.At the fixed structures of GBOCI(S) and TS _ci(Sy)

TSc-c(Sy) region after 70 fs propagation and mainly move
about in the fragment region after 200 fs. Ab initio molecular
dynamics calculations predict that thedsC—CI bond cleavage
occurs within 200 fs. Photofragment ion imaging with femto-
second real-time clocking has been applied theQC bond
cleavage from thénz* state of gaseous GYEOCI® It was
found that the cleavage occurs within the time comparable with
laser pulse duration of 200 fs.

The Argon Matrix Effect. The HCI elimination was detected
to be an exclusive channel for the gEDCI photodecompo-
sition in the Ar matrix at 11K:° The rapid cleavage of €Cl

in the gas phase, the single-point energies were calculated with
the PCM model at the CAS(10,8)/cc-pVDZ level. In comparison
with the TS-ci(Sy) relative energy (4.0 kcal/mol) in the gas
phase, the barrier to the €—CI bond fission was estimated

to be increased by 5.4 kcal/mol due to the intermolecular
interaction between the system and the matrix. It can be deduced
that the geometry relaxation results in an increase of barrier
height by 5.9 kcal/mol. The geometry relaxation and inter-
molecular interaction have similar contributions to the Ar matrix
effect on the $C—CI bond fission of CHCOCI. As shown in
Figure 1, the &Cl and C-O distances are decreased by about

bond observed in the gas phase was not found in the condensedd.02 A from the gas phase to the argon matrix at 11 K.

phase reactioA.The PCM model was used to simulate effect
of argon at 11 K on the €CI bond cleavage along the; S
pathway. The § equilibrium geometry and the ESci(S:)
structure in the Ar matrix at 11 K (Figure 1) were optimized at
the CAS(10,8)/cc-pVDZ level, which predicts that the barrier
to the S C—Cl bond fission is 15.3 kcal/mol in the argon matrix.

Rowland and He$$ have probed the photodecomposition
products (HCI+ CH,C=C=0) of acetyl chloride in an Ar
matrix at 11 K following irradiation at 266 nm. At this excitation
wavelength, the Sa-C—Cl bond cleavage is energetically
inaccessible on the basis of the CAS(10,8)/cc-pVDZ calculated
relative energy for T&¢(Sy) with the PCM model. It should
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