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The CASSCF and DFT methods have been used to determine geometric and electronic structures of the
benzoic acid monomer in the,SS;, S, Ty, and T electronic states. The) /T, three-surface intersection

was found by the state-averaged CASSCF calculations, which, in combination with features of the five lowest
electronic states, provides new insights into photophysical processes of the benzoic acid monomer. The potential
energy profiles of thee C—C and C-O bond fissions as well as decarboxylation reaction in different electronic
states have been determined for the benzoic acid monomera. eO bond cleavage starts from the T

state and leads to the fragments @HGCO(X?A") and OHKAIT) in the ground state, which is predicted to be

the most possible channel upon photoexcitation of the benzoic acid monomer at 270 nm or shorter wavelengths.

Introduction mental and theoretical studies. The permanent dipole moment
) L ) i i i _of z-aminobenzoic acid has been measgtead calculated at
Benzoic acid is the simplest aromatic carboxylic acid and its | 4rious theoretical leveR Supersonically cooledp- and

dimer is establ,shed as the benchmgrk system for studying , 4 minobenzoic acids were studied using one-color resonantly
proton transfer in the hydrogen bonds in the condensed phase,,anced multiphoton ionization and two-color zero kinetic

The proton transfer dFy;F;‘"T'CS in the dimer has beelg ext_enswelyenergy (ZEKE) photoelectron spectroscépy* Two confor-
investigated V\ll'ig NMR; > vibrational speptrosccl)fﬁr, optical mational isomers of 3-fluorobenzoic acid dimer have been
spectroscopy;*? and diffraction techniques:? Tunneling identified in a supersonic jet expansion by use of laser-induced

dynamics of double proton transfer in benzoic acid dimer in fluorescence excitation (FE), UMUV hole-burning, and dis-
the gas and condensed phases have been explored from theersed fluorescence (DF) spectroscopic metAbasl+1 mixed
theoretical viewpoint® A semiclassical method was developed P P P '

and applied to determine the ground-state tunneling splittings dimer between acetic acid and benzoic acid has been chosen as

of carboxylic acid dimers and their fully deuterated analodfies. the mo'eC”'ﬁf mc_>de| to mvespga_te the mfluenc_e of the methyl
. N . rotation on vibrational dynamics in the phenyl ring over a long
Benzoic acid dimer serves as a prototypical system for

modeling the unusual spectral behavior of the hydride stretch range mediated by the hydrogen-bonded interfacgpectro-

fundamental. High-resolution ultraviolet spectroscopy has been scopic prope_rt|es of the-, o-, and mamm(_)benzom acid
: " . g complexes with water have been characterized by two-color
used to investigate the rotationally resolved excitation spectrum resonantly enhanced multiphoton ionization spectros@by
of the first singlet-singlet transition in the benzoic acid diniér. y p . P ) T
The structure of the dimer in the ground state is determined to 1 ne Structure and properties of the benzoic acid monomer is
be linear, while in the excited ;Sstate it is slightly bent. ~ Pasic, but important, for understanding the complex proton
Vibrational spectra of several isotopomers of benzoic acid dynamics of the benzoic acid dimer and its complexes with other
crystals have been recorded by inelastic neutron scattering andnolecules. However, there is a general lack of information on
are compared with spectra calculated for different potential Structure and reactivity of the benzoic acid monomer, especially
energy surface¥. Large anharmonic effects associated with the for the monomer in the excited electronic states. It is surprising
pair of cooperatively strengthened ®HO=C hydrogen bonds  that only a few theoretical and experimental studies have been
produce complicated infrared spectra in which the OH stretch devoted to the benzoic acid monomer, and most of them predate
oscillator strength is spread over hundreds of wavenumbers,1991. The monomer of benzoic acid was found to show
resulting in a complicated band sub-structtf@he IR absorp-  phosphorescence alone with a high quantum yild. was
tion spectrum of the jet-cooled benzoic acid monomer and dimer inferred that intersystem crossing to the lowest triplet occurs
have been recorded throughout the 50000 cnT?! range via very efficiently in the benzoic acid monomer. Sensitized
ion dip spectroscop}® Laser-induced dispersed fluorescence phosphorescence excitation spectroscopy was used to observe
spectra of the benzoic acid dimer in the cold environment of the electronic excited states of the benzoic acid monomer in
supersonic jet expansion have been reinvestigated with improvedsupersonic jetd? The two sharp bands at 35 923 and 35 943
spectral resolution of measuremefits. cm~1 were assigned to the origins of the two rotational isomers
Derivatives of benzoic acid and its complexes with water or Of the benzoic acid monomer. The technique of laser desorption
other organic acids have been the subject of numerous experifollowed by jet cooling has been used to identify the-S$;
absorption spectrum of the benzoic acid monomer in the gas
* Address correspondence to this author. Phore86-10-58805382.  Phase! The § — S, band origin was determined to locate at
Fax: 4+86-10-5880-2075. E-mail: fangwh@bnu.edu.cn. 35960 cn1t and the rate of the intersystem crossing to triplet
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state was inferred to be 1.2 102 s71. Frequencies and  whereE is the total energy of an isolated molecuwg, ande,
intensities of the IR active modes for the monomer were are respectively the vibrational energy levels of the transition
determined from ion dip spectroscopy and density functional state and the reactant molecule, an@) is the usual step-
calculation!® In addition, a few experimental and theoretical function
investigation&33have been performed to probe the decarbox-
ylation mechanisms of benzoic acid and its complexes with h= {O,X <0
water. 1,x>0

In the present work, we report a complete active space self-
consistent-field study on structures and reactivity of the benzoic A simple way to include the nonadiabatic effect is to consider
acid monomer in the ground and excited states, which enable ait as a factor of transition probability, just like Miller dealing
fuller understanding of the complex proton-transfer dynamics with the tunneling effect® The expression for the nonadiabatic

in the benzoic acid dimer. An intersection structure of'tive*, unimolecular rate constant is in form of
Sn*, and 3zz* states was determined, which gives a clear
explanation on photophysical processes of the benzoic acid ZP(E— en*)
monomer. Three reaction channels, K(E) = 1E
C,H;COOH— C¢H, + CO, 1) h's ShE- <)
— CHCO+ OH ) "
— C4Hs + COOH 3) The hopping probabilityP is calculated with the expression

developed by Delo$!

have been explored for benzoic acid in the ground and excited Poeod E — €,) =

states, which is the extension of our previous studies on

photodissociation dynamics of formic and acetic aéfdgé A 22\, 2
phenyl substitution may change the dissociation mechanism of 12
aliphatic carboxylic acids, due to the conjugation interaction

between the phenyl ring and the carboxylic group in aromatic whereV;, is the matrix element that couples the two adiabatic
carboxylic acids. We believe that the present study provides surfacesuy is the effective reduced masAF is the norm of
new insights into photophysics and photochemistry of aromatic difference of the gradients on the two crossing surfas/

2up,
R2FAF

213 AE2\V
AiZ[(E - En)(ZI;;F4 ) 3‘

carboxylic acids. aq — 9Vo/aq|, andF is the geometric mean of the norms of the
two gradients,/|dV,/3q| x|dV,/dq|.

Computational Details

The five lowest electronic statesg(ST1, T2, S, ) of the Results and Discussion
benzoic acid monomer have been studied with different ab initio  Geometric and Electronic Structures.Geometric structures
methods. The stationary structures on theaBd T, surfaces  of the GHsCOOH molecule in the lowest five electronic states
were optimized at the MP2, B3LYP, and CASSCF levels of (5, 5 T, S, and ) were optimized at the CAS(10,8)/cc-
theory, while only the CASSCF method was used to determine pyDz level. Meanwhile, the & and T, structures were
the stationary structures on the potential energy surfaces of thegetermined by the MP2 and B3LYP optimizations with the cc-
T2, S, and $ states. Once convergence has been reached, thesyDz basis set. The optimized structures are shown in Figure
harmonic frequencies were examined at this point to confirm 1 where the atom labeling scheme and the key bond parameters
the optimized geometry to be a true minimum or first-order are given. Detailed structural parameters are available in the
saddle pOint. The selection of the active space is a crucial StepSupporting Information. Two minimum_energy StructureS, re-
for the CASSCF calculation. From the viewpoint of the localized ferred to as gHsCOOH(S)-a and GHsCOOH(S)-b hereafter,
picture of molecular orbitals, the active space should be were found for benzoic acid in the ground state. All the atoms
Composed of the three and threer* orbitals in the aromatic in C6H5COOH(S))'& are Coplanar' Wh||e£|5COOH(3))_b has
ring, the G=0 & andx* orbitals, and the oxygen nonbonding 3 nonplanar geometry with the H¥®14-C12-C1 dihedral
orbital in the G=0 group. An active space with 10 electrons in - angle of 11.5 at the MP2/cc-pVDZ level. The €C bond
8 orbitals is employed for the present CASSCF calculations, |engths in the aromatic ring are predicted to be almost equal
referred to as CAS(10,8) hereafter, with one of #feorbitals with a value of about 1.40 A for @isCOOH(S)-a and
excluded from the active space. All the calculations were carried cgH;COOH(S)-b, which shows that the conjugation interaction
out with the Gaussian 03 program packége. in the aromatic ring is well described by the MP2, B3LYP, and
On the basis of the calculated relative energies and frequen-cas(10,8) calculations. There exists a strorggpconjugation
cies for the stationary structures, as well as the energy gradientsnteraction in the carboxylic group of BsCOOH(S)-a, but
and spin-orbit coupling matrix element at the intersection the interaction between the aromatic ring and the carboxylic
structure, the rate constants for the adiabatic and nonadiabaticyroup is weaker in the lsCOOH(S)-a and GHsCOOH(S)-b
unimolecular processes are calculated with the RRKM theory stryctures. gHsCOOH(S)-a is more stable with the relative
of rate. The rate constant of the adiabatic unimolecular reactionenergy of 6.6 kcal/mol for §4sCOOH(S)-b. A transition state
can be expressed #s° of TSab($g) was found on the isomerization pathway from
. CeHsCOOH(S)-a to GHsCOOH(S)-b and the barrier height
zh(E— €) is 11.6 kcal/mol at the MP2/cc-pVDZ level of theory. The
K(E) = 1E"m intramolecular hydrogen bond in thel;COOH($)-a structure
hs is mainly responsible for the relatively high barrier on the OH
zh(E— €n) rotational isomerization pathway fromgldsCOOH(S)-a to
n C5H5COOH(S))-b.
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Figure 1. Schematic structures of the stationary and intersection points on different electronic states, along with the selected MP2 bond parameters
for the S structures and the CAS(10,8) bond parameters for the excited-state structures (bond lengths in A). The atom labeling is given in the

CeHsCOOH(S)-a structure.

One minimum-energy structuregl@sCOOH(T;), was found
on the lowest triplet surface of benzoic acid by the B3LYP and
CAS(10,8) calculations. £lsCOOH(T;) has a planar geometry,
which is similar to the gHsCOOH(S)-a structure. The struc-
ture of the carboxylic group is nearly unchanged from
CeHsCOOH(S)-a to GHsCOOH(T;). The C3-C2 and C6-
C5 bond lengths in gsCOOH(Ty) are 1.330 and 1.358 A,
respectively, indicating €C double bond character, while the
other C-C bonds in the aromatic ring are mainly of single bond
character. Actually, the iTstate of GHsCOOH is a diradical
with the two singly occupied electrons distributed on the C1

Li et al.

TSc.o(S1)

and the energy difference betweena®d T, is 17.7 kcal/mol.
Unlike the T; state, the T structure is similar to that of the;S
state. The structural similarity between dnd § predicts that
the T, state is ofnz* character, which is confirmed by the
CASSCF wave functions and their electron populations for the
T, state. With respect to theySero level, the F(®nz*) state
has a relative energy of 90.0 kcal/mol at the CAS(10,8)/cc-
pVDZ level, which is 16.2 kcal/mol higher than the(¥ra*)
state, but 1.5 kcal/mol lower than the(®wr*) state in energy.
The T, state of the benzoic acid monomer was experimentally
inferred to be’nz* in nature, which lies between thg &nd T

and C4 atoms. The CAS(10,8) wave functions and their electron states in energ$?-3!

populations clearly show that the; Tstate of GHsCOOH
originates from ther — s* excitation in the aromatic ring. This
confirms the experimental speculatfithat the lowest triplet
state is &r* state for the benzoic acid monomer. With respect
to the § zero level, the T state has a relative energy of 73.8
and 75.5 kcal/mol at the CAS(10,8)/cc-pVDZ and B3LYP cc-
pVDZ levels, respectively.

The CAS(10,8) optimized structure of the first excited singlet
state, GHsCOOH(S), is plotted in Figure 1, from which one
can see that the;State is quite different from the;Tstate in
structure. The €C bond lengths in the aromatic ring are less
influenced by an electronic excitation frorgt® S;. The largest
change is associated with the 1213 bond, which is a double
bond in $ and T; and becomes a single bond in thes8ucture.
The CASSCF wave functions and their electron populations
clearly show that the Sstate arises from an electronic excitation
located in the &O group and is of'nz* character. The
adiabatic excitation energy fromy$ S, was predicted to be
32 002.6 cm? (91.5 kcal/mol) at the CAS(10,8)/cc-pVDZ level

A planar S structure, GHsCOOH(S), was optimized and
confirmed to be minimum by the CAS(10,8) calculations. In
comparison with the structure, the carboxylic group is nearly
unchanged in gHsCOOH(S), but the C-C bond lengths in
the aromatic ring are increased+d.44 A in GHsCOOH(S)
from ~1.40 A in the $ structure. The structural features of
CeHsCOOH(S) reveal that the Sstate islzz* in nature. The
further evidence for this comes from the CASSCF wave
functions and their electron populations for thesgte. Ther
— qr* excitation is mainly localized in the aromatic ring, and
the lengthening of the €C bonds in the ring exhibits
characteristics of @ — #* transition, where the aromatic ring
attempts to reduce its-bonding character upon excitation. The
adiabatic excitation energy fromp$0 S is calculated to be
35220.3 cm? (100.7 kcal/mol) at the CAS(10,8)/cc-pVDZ
level, which is comparable to the bond origin of 35 925 960
cm1 (~102.7 kcal/mol) observed experimentally for the benzoic
acid monome?f%31 The S(inn*) state is 10.8 kcal/mol higher
than the g(*nz*) state in energy.
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All the experimental efforts to find thénz* state in the SCHEME 1
energy region below therz* state were in vain for the benzoic 0

(0] .
acid monome?%3! The lack of experimental evidence led to l_OH ? . o
the assumption that there is fwz* state below théwz* state @- 0 C_
and the latter is the lowest singlet excited state. This assumption

I
Sl or T2 Sl/Tl/Tz Tl

is not supported by the present calculations, which show that

the Inzz* minimum is lower in energy than thzz* minimum. SCHEME 2

The S state was assigned taz* in nature for the monomer . Ic . ISC

in the previous studie®;314243yhich is based on the absorption Sa("m*) ——> Si( “W*)m’ T,Crn*)

or fluorescence excitation spectroscopy in the Frar@andon

(FC) region. The vertical excitation energies from the ground

state to the three lowest excited singlet states were calculate

to be respectively 39 522.3, 40 886.3, and 45 573.0%onith

the time-dependent DFT method, in conjugation with the cc-
VDZ basis set. Again, the lowest excited singlet state in the _; * .

EC region is predigted to be tHas* state with an oscillator side and the #*zz") state on the other side.

strength of 0.0002. The other two excited singlet states are of 1 1€7 — 7 transition for benzoic acid is mainly localized
Lyz* nature with oscillator strengths of 0.015 and 0.18. The N the aromatic ring with a deep potential well, and theiect

oscillator strength of theS— zzz* transition is 75-900 times S:tsr?s\?/(i:glg?:? phrto‘fseg?S‘(’:V:thslggebg;g?:‘bt'::g%?;;‘ ;T;?;ai‘;t'fg ‘é"'th
larger than that for theS—~ *nz* absorption, which is probably kcal/mol h'gh ' than th | ,81 ¥ state | )
the reason thénsz* state was not observed experimentally in calimol higher than the nonp anag(3ur*) state in energy.
the energy region below therz* state. The relatively small electronic energy gap between t{&s*)
. . . and the g(*nz*) states leads to a favorable FraneRondon
The benzoic acid monomer is nonfluorescent but phospho- ¢y 1o for the $— S, internal conversion. Vibrational analysis
rescent. However, the dimer is fluorescent and phosphorescentg,;\vs that there are a number of promoting and accepting modes

The gmissiqn pro.perties of the monomer apd dimer Were hat couple the %) and the S(nar*) states, indicating that
explained with a simple energy level diagram in the previous q internal conversion from,@ar*) to Si(in*) takes place

studies®®31 The basic idea is that the first excited singlet state i, high efficiency. There exists a small difference in the S
is tm* in nature, which is nearly degenerate with Fﬁm*_ and S/T,/T; structures, which results from the redistribution
state. This makes therz* — zz* intersystem crossing via  of the conjugationz electrons in the aromatic ring and the
the *n* state very efficient in the monomét.In the dimer, on  ¢arhonyi group. This will not give rise to a substantial change
the other hand, thénz* state is pushed up in energy whereas i, the energy. The CAS(10,8)/cc-pVDZ calculations predict that
thelzz* state is pushed down in energy relative to the situation he S/T,IT; structure is 4.7 kcal/mol in energy above the S
in the monomer. As a result, therz* — zz* intersystem  minimum. In view of the similar structures and small energy
crossing rate is largely reduced. for the dimer. The above (itference, the relaxation from the §eometry to the BTo/T,
explanations are based on the assignment of tistafe aé’.””* region is expected to occur in a vibrational period. The spin
in nature for the monomer. However, thes3ate is confirmed orbit interaction at the $T»/T; structure was calculated by using
to be In7* in nature by the present calculations. Thus, it is 3 gne-electron approximation for the spiorbital coupling
necessary to carry out further study to elucidate the emission operator with the effective nuclear charges of Koseki &t al.
properties of the benzoic acid monomer and dimer. The spin-orbit coupling matrix element was predicted to be
The S/T1/T, Three-Surface Intersection.To explore photo- 65.1 cntl, which is used as th&/, for calculation of the
physical processes of the benzoic acid monomer, we searchechopping probability. The nonadiabatic RRKM rate calculation
for the surface crossing points between the singlet and triplet gives a value of 2.% 109s™ for the S — T1 ISC rate constant
states as well as the crossing points of two triplet states. Theat the intersection structure. From the observed width of the
T; and T, surface intersection ¢IT,) in the Franck-Condon peaks in the & — S; gas-phase absorption spectrum, an
(FC) region was optimized with the state-averaged CAS(10,8) intersystem crossing rate of 1.2 102 s™! was deduced
approach, while the ;Sand T, crossing ($Ti) structure was experimentally for the benzoic acid mononiéifter photo-
determined by using Slater determinants in the state-averagecexcitation to the &*zz*) state, the rapid radiationless processes
CAS(10,8) calculations. It was found that/T, and S/T1 to the T(3nn*) state are summarized in Scheme 2 for
crossing points are indistinguishable in structure and the two CsHsCOOH, which gives a reasonable explanation why the
crossing points are almost equal in energy. Actually, the S benzoic acid monomer is nonfluorescent but phosphorescent.
Ti1, and T, surfaces intersect at the same region, referred to as  Decarboxylation. Examination of the EHsCOOH(S)
SJ/T4/T,. The optimized $T4/T, structure is shown in Figure  structures in Figure 1 reveals that isomerization from
1 along with the selected CAS(10,8) bond parameters. The CgHsCOOH(S)-a to GHsCOOH(S)-b takes place prior to
detailed structures and energies for the intersections are availablelecarboxylation. The decarboxylation reaction involves a 1,3-H
in the Supporting Information. A comparison reveals that the shift of the H15 atom accompanied by a cleavage of theCC
S)/T4/T, geometric structure lies between the(*kz*) and bond. Although a planar geometry was used as the initial guess,
S;(*nir*) geometric structures. The CAS(10,8) wave functions the optimized structure of the transition state fE$So)] is
and their electron populations show that théTgT, structure nonplanar. As shown in Figure 1, the carboxyl group adopts a
is a diradical in nature and the two unpaired electrons are mainly nearly perpendicular conformation to the aromatic ring in
distributed on the C1 and O13 atoms, respectively. As pointed TSco,(So) structure with the O14C12—-C1—-C6 dihedral angle
out before, the T state of GHsCOOH is a diradical with the of 103.6. The barrier to decarboxylation in the ground state
two singly occupied electrons distributed on the C1 and C4 was calculated to be 60.6 kcal/mol at the MP2/cc-pVDZ level
atoms, respectively. The; &nd T, states are also of diradical  of theory, including the vibrational zero-point energy correction
nature, but the two unpaired electrons are located on the C12at the same level, which is close to that from the B3LYP

nd O13 atoms, respectively. The localized pictures of the
(g(Tg), Si/T4/T,, and T; electronic structures are summarized
in Scheme 1. It is obvious that the)/$:/T, three-surface
intersection is a bridge that connects th¢'$r*) state on one
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calculation® (58.8-62.0 kcal/mol). However, the barrier (163 (a) TS(E%()S“)

116 kcal/mol) was overestimated by the Hartr€eck calcula-

tions with the 3-21G basis s&t.Due to a high barrier on the
pathway, there is little possibility that the decarboxylation of
benzoic acid occurs in the ground state at room temperature.
The decarboxylation reaction 058sCOOH involves cleavages

of the C-C and G-H bonds, formation of the HC bond, and

a large deformation of the ©C—0O moiety, simultaneously. It

is reasonable to expect that on the excited electronic states the
decarboxylation reactions should not be in competition with the
photophysical processes discussed above. It can be concluded
that decarboxylation reaction does not play an important role
in the mechanistic photochemistry of the benzoic acid monomer. CeHlstCO:

The oo C—0O Bond Cleavage.CsHsCOOH may dissociate
into CsHsCO + OH along the g pathway, which corresponds
to cleavage of the €0 bonda to the G=O group. We have
made efforts to optimize a transition state for the @ bond
cleavage in the ground state, but optimizations always lead to
the dissociation limit of gHsCO + OH. It is evident that no
potential barrier above endothermicity exists on thp&hway.
The energy of the separated fragments was determined from a
supermolecule optimization with the CAS(10,8)/cc-pVDZ ap-
proach, which is the same as that for the bound fragments. In
this way, the C-O bond cleavage is predicted to be endothermic
by 98.7 kcal/mol. On the basis of thermochemical data, th©C
bond cleavage was estimated to be endothermic by 96.8 kcal/
mol for HCOOH#*®

A nonplanar transition state on a triplet pathway, referred to (©) TSc-(Ti)
as TS-o(T») in Figure 1, was determined by the CAS(10,8)/ (121,2)
cc-pVDZ optimizations. The IRC calculations were done with 9.0
the TS-o(T2) structure as the starting point, which confirms Cells+COOH

that TS-o(T2) connect GHsCOOH(T,) on the reactant side
and the fragments of ¢ElsCO(X2A’) and OHK2II) on the
product side. The barrier height for tlke C—O bond fission
starting from the 7 state is 12.2 kcal/mol at the CAS(10,8)/ SN 0.0

_CC-pVDZ level of theory with the Zero-pom-t energy correction Figure 2. Schematic potential energy surfaces of the decarboxylation

included at the same level. As shown in Figure 1, a nonplanar prgcess (@, the C—Cl))fissions (b),ga):1d the. C-C bond cleavages

transition state, TS.0(S,), was found on t_he_ ex_C|ted singlet (c), along with the relative energies in parentheses (kcal/mol).

surface. T3-o(S;) and TS o(T2) are very similar in structure.

This predicts that TS-o(S,) is the transition state governing  yegpectively. Because of the conjugation interaction between

the GHsCOOH(S) dissociation into @HsCO(X?A’) and the aromatic ring and the carboxylic group, theC—C bond

OH(X2IT), which is confirmed by the IRC calculations at the CeHsCOOH is stronger than the-€C bond in CHCOOH.

CAS(10,8)/cc-pVDZ Ievel._TheL C—0 bond cleavage starting  Thjs is the reason the C—C bond fission in the ground state

from the § state has a barrier of 15.7 kcal/mol at the CAS(10,8)/ pas higher endothermicity ingBsCOOH than in CHCOOH.

cc-pVDZ level, which is 3.5 kcal/mol higher than that on the A transition state was optimized at the B3LYP and CAS(10,8)

T, pathway. The barrier height of the<© single bond cleavage  |eyels of theory with the cc-pVDZ basis set, which is confirmed

was not measured fore8sCOOH in the low-lying electronic g pe the first-order saddle point on the triplet surface. The IRC

states. The €0 single bond cleavage of GHOOH was  ca|culations at the B3LYP and CAS(10,8) levels show that the

experimentally estimated to have a barrier of-13 kcal/mol optimized transition state connectssHgCOOH(Ty) in the

on the § pathway‘}G*48 which gives us reason to expect that eactant side and the fragments @HI(X2A") and COOHKZA)

the G-0 single bond cleavage forsBsCOOH is well described on the product side. This transition state is labeled by & 1)

by the present calculations. The potential energy surfaces forj, Figure 1. With respect to the zero-point level of thesTate,

the C-O bond cleavages on different electronic states are plottedthe o C—C bond fission on the Tpathway has a barrier of

in Figure 2. 35.4 kcal/mol at the B3LYP/cc-pVDZ level and 47.4 kcal/mol
The o C—C Bond Fission.Like thea. C—O bond cleavage,  at the CAS(10,8)/cc-pVDZ level. The C—C bond fission along

no potential barrier above endothermicity exists on the S the S pathway leads to the fragments ofHB(X2A') and

pathway of theaw C—C bond fission. Theaw C—C bond COOH(A2A) in the excited state, which is about 70.7 kcal/mol

dissociation energy was predicted to be 109.0 kcal/mol from a higher than the fragments ofsB5(X2A") and COOHK2A)) in

supermolecular calculation at the CAS(10,8)/cc-pVDZ level. On the ground staté'52 Therefore, thex C—C bond fission along

the basis of thermochemical d#fathe oo C—C bond cleavage  the S pathway is inaccessible in energy upon photoexcitation

was estimated to be endothermic by 105.2 kcal/mol for of CsHsCOOH in the UV region.

CeHsCOOH. The C-C bond dissociation energy of GEOOH Mechanistic Photodissociationlrradiation of benzoic acid

was estimated to be 90.2 and 96.3 kcal/mol from heats of at ~270 nm leads to the molecules in thg!s7*) state. The

formation @ 0 K and the CAS(8,7)/cc-pVDZ calculatioR$, main pathway for the §HsCOOH{rr*) deactivation is internal

Ti\73.7



Geometric and Electronic Structures of the Benzoic Acid Monomer J. Phys. Chem. A, Vol. 109, No. 34, 2006723

conversion to the §inz*) state. From this state, there are two  fragments of GHsCO(X2A") and OH?IT) in the ground state,
possible routes, the direct-€® single bond cleavage through  which is the most possible channel upon photoexcitation of the
the TS-o(S,) transition state and intersystem crossing via the benzoic acid monomer at 270 nm or shorter wavelengths.
S,/T4/T, intersection. With respect to they Sero level, the
TSc-0o(S,) transition state has its relative energy of 107.1 kcal/  Acknowledgment. This work was supported by grants from
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