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Photodissociation dynamics of acetic acid and trifluoroacetic acid at 193 nm have been investigated by
measuring laser-induced fluorescence spectra of OH fragments. The OH fragments are produced exclusively
in the ground electronic state. The measured energy distributions among the fragmé\@tyre= 0.05,f;

= 0.42,fi(Ac) = 0.53 andf,(OH) = 0.05,f; = 0.33, andi(FAc) = 0.62, for acetic and trifluoroacetic acid,
respectively, and negligible vibrational excitation in the OH fragments was observed. The dissociation does
not depend on the polarization of the dissociating light. It was concluded from the measured energy distribution
and no polarization dependence that the electronic transition at 193 nm leads the parent molecule to the
singlet excited surface, and the dissociation takes place along the triplet surface with an exit channel barrier.
From the estimated internal energies in the acetyl radicals, the lifetimes of the acetyl radicals are estimated
from the RRKM theory.

Introduction radical is around 500 fs and the dissociation dynamics of the
acetyl radical is successfully modeled by the RRKM theory.

tudies on photodissociation of carbonyl compoun h h
Studies on photodissociation of carbonyl compounds suc Since the dissociation rates depend exponentially on the

as acetone in UV have been reported extensivélyAbsorption
centered at around 260 nm is assigned asz*, which produce
acetyl radicals as major products with the quantum yield of near
unity. On the other hand, at shorter wavelengths,rthe 3s
Rydberg transition breaks two-€C bonds in acetone, pro-
ducing two methyl radicals and CO as fragments. Previous

energy of the acetyl radicals, the internal energies should be
measured precisely in order to estimate the lifetimes of the acetyl
radicals.

Studies of molecular photodissociation dynamics are of fun-
damental importance to investigate electronic structures of
studies on the dissociation of these compounds were concen-mOIeCUIeS _because the process is governed _by the ex_cited state

and potential energy surfaces along the reaction coordinate. The

trated on mechanisms to determine whether this three-bodyd iled d . fth b d db
dissociation takes place via a concerted or stepwise manner. etailed dynamics of the process can be understood by measur-
The very recent study on acetone by the femtosecond pump ing energies and certain vector properties of the system. These

probe technique demonstrated that dissociation occurs in aphysical_ properties_of the system can be measured precisely
from optical spectra in favorable cases where the photofragments

stepwise manner when the photon energy is large enough to . L : .
break both G-C bonds® The measured lifetime of the acetyl absorb and/or emit radiation in an easily accessible spectral
' region. The Doppler broadened absorption or emission spectra
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degrees of freedom of the fragments as well as directions of
the transition dipole moment, recoil velocity, and angular P1(4)
momenta of the fragments. From the measurements, the excited
state and the potential energy surfaces along the reaction
coordinate can be identified.

Photodissociation dynamics of acetic acid by irradiation of
UV light have been reported for many ye&rs? The lowestn
— gr* transition produces the OH and acetyl radicals as major
products. At 200 and 218 nm, the energy distributions were
measured from the photodissociation of acetic acid, from which
the indirect dissociation via curve crossing with a reverse barrier
was suggestet® Recently, the lifetimes of the acetic acid and
the acetyl radical from the photodissociation of acetic acid at
194.5 nm were measured to be 200 fs and 5 ps, respectively,
from the femtosecond pumjprobe techniqué! The lifetime
of the acetyl radical was successfully estimated by the statistical
RRKM theory. However, the internal energy was assumed from
the linear disposal of the available energy into the internal energy 0.2 -0.1 0.0 0.1 0.2
of the products based upon the previous 200 and 218 nm Wavenumber (cm™)
photodissociation studies. However, to model the dissociation
dynamics of the acetyl radicals, the internal energy should Figure 1. Rotationally resolved LIF spectrum of OH produced from
directly be measured. the photodissociation of acetic acid at 193 nm. ThétProtational

In the present study, the photodissociation dynamics of acetic transition in the 6-0, A—X transition is shown at th_e 20 mTorr s_ample
acid and trifluoroacetic acid have been investigated by measur-Pressure, 5 Torr He, andis pump-probe delay time for collisional

. . speed relaxation.
ing the laser induced fluorescence spectra of the OH fragments. P

From the spectra, the complete energy distribution has been 1o pandwidth of the probe laser light is 0.08 ¢nin the
deduced and lifetimes of the acetyl and trifluoroacetyl radicals ;sipje that was measured by the line width of the rotationally

were estimated from the measured average internal energies iogolved OH LIE spectra obtained by photodissociation of the

the radical products. sample after collisional relaxation by about 5 Torr of He at long
. pump—probe delay time (Figure 1). The horizontally polarized
Experiment dissociating and probe laser beams were collinearly counter-

The experiment was performed in a flow cell with conven- propa_gated or intr(_)duced at a righ_t angle to the cell to _obtain
tional pump-probe geometry. The cell is a cube made of two different experimental geometries. The Doppler prof_|les of
stainless steel with four arms in which baffles are placed to the spectra for several r.otatllonal transitions were proped in or_der
minimize scattered light. The cell was evacuated at a pressurel® Search for the polarization dependence of the dissociation.
of about 103 Torr and the gaseous sample was continuously The Qbsgrved spectra show_ed no difference for the d|ffe_rent
flowed at a sample pressure of about 50 mTorr. The acetic acid polarlzgtlons. However, the line widths of the nasc_ent proflles_
and trifluoroacetic acid, purchased from Aldrich (99% purity), Were wide enough to measure the average translational energies
were used without further purification. of the OH fragments.

The 193 nm dissociating light was obtained from an ArF
excimer laser (Lambda Physik Lextra 50), whose output was
linearly polarized with a stack of quartz plates at a Brewster A portion of the LIF spectra of the OH fragments produced
angle. The horizontally polarized probe light was a frequency- from the photodissociation of acetic and trifluoroacetic acid at
doubled output of a dye laser (Lumonics HD-500) pumped by 193 nm is presented in Figure 2. In the spectra, individual
the second harmonic of an Nd:YAG laser (Lumonics YM-800). rotational transitions in the-00 band of the A-X transition
The two laser beams were temporally separated by about 50are resolved and assigned according to Dieke and Crossi®hite.
ns. The 50 ns delay time between the pump and probe light For both molecules, the rotational transitions from thel band
and 50 mTorr sample pressure should ensure nascent productegion have been measured, but no appreciable intensities
energy distribution. The laser induced fluorescence (LIF) spectraexceeded the noise in the spectra. Thus, the population of OH
of the OH fragments were measured employing theXA in the higher vibrational states is negligible.
transition in UV. The 6-0 transition of OH was excited and The rotational population distributions that pealNat= 2, 3
the resulting total fluorescence was probed through a filter and extend tdN = 12 were obtained from the measured spectra
(UG-11). The power of the probe laser light was kept as low as using the reported Einstein B coefficiektgFigure 3). The
possible (typically 20uJ/pulse) to avoid saturation and to distributions are well represented by a Boltzmann distribution
minimize the scattered radiation. The scattered radiation waswith temperatures of 1000 and 900 K for acetic acid and
also cut off through baffles, which are placed in the arms trifluoroacetic acid, which correspond to average rotational
attached to the cell. The laser-induced fluorescence was detecte@nergies of the OH fragments of 695 and 625 &mespectively.
through a collection lens by a PMT (Hamamatsu R212UH) In Figures 4 and 5, measurédddoublet and F1/F2 distributions
whose direction of view was at a right angle to the two laser are shown, which reveal statistical distributions in all cases.
beams, and the detected signal was fed to a boxcar averager. To observe any polarization dependence in the dissociation,
The powers of the dissociating and the probe lights were various rotational transitions were probed under different pump
measured separately, and the detected signal was corrected foprobe geometries. The observed Doppler profiles were all
variation of the laser powers. A signal processor digitized the Gaussian-like, implying no polarization dependence. However,
signal that was stored and processed in a PC. the profiles were wide enough compared to our laser bandwidth

Results
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Figure 3. Rotational population distributions of OH obtained from
the LIF spectra in Figure 2. . . . .
P g 6. The line widths of the measured profiles were slightly larger

to measure the translational energy releases from the secondor low N and slightly smaller for highN than that measured
moments of the profiles. Typical spectra are shown in Figure for N= 6. The second moments were measured from the spectra
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(a) Acetic acid TABLE 1: Fraction of the Available Energy Distributed
among the Products Produced from the Photodissociation of

Q,(6) Acetic Acid and Trifluoroacetic Acid at 193 nm
Eacm™) mO @OH)O [B(OH)DO @w(acetyl)d

acetic acid
14 006 0.42 0.05 <0.0P 0.53
impulsive model 0.56 0.03 0.001
trifluoroacetic acid
13 700 0.33 0.05 <0.0r 0.62
impulsive model 0.47 0.03 0.001

. a 1 3 Ea = hw(193 nm)+ Ejn(CH3COOH at 300 K)— Do(CHsCO—

-1 0 1 OH). ® Approximated from the noise in the spectf®btained from

Wavenumber (cm™) Wavenumber (cm™) the ab initio calculation? Corresponding internal energies are 21.2 and

24.4 kcal/mol for acetyl and trifluoroactyl radicals, respectively.

(b) Trifluoroacetic acid state, the &(C=0)—0 atoms are all in the plane, whereas the

Q,(6) R,(6) methyl group is predicted to be out-of-plane by molecular orbital
interactions as a result of the lowest transition that leads the
parent molecule to the* c—o singlet MO staté® However, the
dissociation of OH by-cleavage forming radical products has
been known to take place along the triplet surftc&hus, a
curve crossing between the singlet and triplet surfaces is
expected in the excited electronic states to produce primary
photochemical products. This curve crossing is in general
experimentally and theoretically observed in most of the
carbonyl compounds such as acetéraeetaldehydé® and so
Wavenumber (cm™) Wavenumber (cm™) forth.
Figure 6. Rotationally resolved Doppler profiles of OH produced from In formic acid, for example, the curve crossing between the
the photodissociation of acetic and trifluoroacetic acid at 193 nm for singlet and triplet surfaces exhibits a reverse barrier in the exit
different rotational branch transitions. The solid lines are simulations channel of the dissociation of O¥22The energy of the reverse
from the convolution of Gaussian line shape with laser bandwidth parrier is transformed into translational energies of the products,
measured in Figure 1. which is manifested by the relative invariance of the translational
energies of the products photodissociated at different excitation
. . energies. The same should happen in the dissociation of acetic
average translational energy releases n f[he center of MaSScid and trifluoroacetic acid in the present case. Recently, Guest
system are 5890 ar_ld 4550 chrfor acetic acid and trifluoro- and co-workers measured the translational energy of OH from
acetic acid, respectively. the dissociation of acetic acid at 218 and 200 ffiThey

The available energy distributed among the fragmgnts IS then e asured 9.8 and 10.4 keal/mol of translational energies of OH
calculated from the photon energy (51800 ¢jrand the internal from the 218 and 200 nm dissociation, respectively, from which

energy of th_e parent molecule at room temperature (600km they suggested the reverse barrier of 13 kcal/mol for the OH
minus the dissociation energy. The dissociation energy of OH . 5q,ction channel. If there were no exit channel barrier, the
from trifluoroacetic acid has not been reported so far. Thus, translational energy might have been expected to increase

the heat of formations of trifluoroacetic acid and trifluoroacetyl - g ,pqtanfially with increasing photon energy. In the present study,
radical were obtained by ab initio calculation using the 6-8G1 the measured translational energy of OH from acetic acid at

bas:;s aé4thﬁ MP|2 :eveclj ;sing _th_e GAUS,SIAN 98 prog(;am 193 nm is 12 kcal/mol, which is not much higher than those

package? The calculated dissociation energies are 110 and 112 4.0, the dissociation at lower excitation energies, considering
kcal/mol for acetic acid and trifluoroacetic acid, respectively. o higher photon energy. The center of mass translational
Sl_n:_e thez dll(sscl)/matllonfer;]ergy (I)f thfe acetlr:: alqd Wa? 0rﬁ’tamGdenergy of the products from acetic acid photodissociation is 16.8
within +2 kcal/mol of the value from the literaturethe kcal/mol, which is the energy of the reverse barrier plus the
calculated dissociation energy of trifluoroacetic acid is of similar statistical partitioning of the remaining available energy into

accuracy at the present level of calculation. The complete energy,» s|ation

partitioning among the product degrees of freedom was then |, o giatomic molecule with a singly occupied @rbital such

obtained and listed in Table 1. In the table, the energy par- ;o oy produced in this experiment, coupling between the

titioning_is also listed assuming, ‘“?p”'s“’e (_jissociaﬂém this electronic angular momentum and nuclear rotation splits the two
calculation, the geometry at the impulse is assumed to be thedegenerate states of = +1, the orbital angular momentum

same for the COOH moiety as for the equilibrium geometry in -, e tion to the internuclear ax3In the limit of high rotation,
the ground state obtained from geometry optimization by the ye' 1 “orhital is approximated as a lobe aligned perpendicular
above ab initio calculations. It is noted in the table that the to the plane of rotationI{~, the lowerA state) or a lobe in the
translational energies are much smaller than those from theplane of rotation I, the up;peV\ state). According to the parity
impulsive model calculations for both molecules. selection rule, the Q-branch rotational transition is induced from
the IT~ state, whereas the R- and P-branches transition from
the ITT state in the electronic transition. Thus, the specific
The absorption spectra of acetic acid and trifluoroacetic acid A-doublet population can be measured experimentally in the
in the 40 000~ 70 000 cm® region show four bands, which  spectra. The distribution between the twedoublet states of
are assigned as— z*, n— 3s Rydbergz — 7*, andn— 3p OH produced in the photodissociation depends on the correlation
Rydberg transitions, respectivé§/1” In the ground electronic  on the p orbital of the OH fragment with the orbitals of the

after deconvolution of the laser line width. The measured

Discussion
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In other words, OH rotating in the plane containing the

dissociating G-O bond axis as a result of in-plane dissociation
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