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We have observed OH radical products from the unimolecular dissociation of ethyl hydroperoxige (CH
CH,OOH) excited to 5oy and have collected an action spectrum from 15 600 to 16 800 amd an OH

product state distribution at the maximum (16 119 émWe use a vibrationaitorsional model to simulate
spectra in the &y region for the trans and gauche conformers. A combination of the two simulated spectra
resembles the experimental action spectrum, provided that the trans conformer is assumed to dominate at
room temperature. Energy disposal in the OH fragment yields an upper limit for-t lidnd dissociation

energy atDo < 44 kcal mof™.

1. Introduction 50+

Organic hydroperoxides such as methyl and ethyl hydroper-
oxide (CHOOH and CHCH,OOH) are byproducts of hydro-
carbon oxidation via the reaction of alkyl peroxy radicals with
hydroperoxyl radicals (Hg.1 2 Their ultraviolet photochemistry
involves cleavage of the weak-@D bond to form hydroxyl
radicals (OH):8 At lower photon energies, visible light can
also form OH radicals via direct overtone photodissociation
(Figure 1), as has been observed tert-butyl hydroperoxide
at 5von? and 6/04%11and more recently for C¥DOH at 40112
and 50opn.81213Dissociation at 4o becomes possible in part
because of a relatively low dissociation energy for the@
bond in CHOOH, Dg = 42.64+ 1 kcal mol1,13in comparison
with earlier predictions at 45 kcal mol.4

Yet the O-O bond is strong enough that the-® overtone °
excitation energy atwy (13 285 cnr?, 38 kcal mot?) alone S 104
is not enough to cause OH radical formation. A second key to Von=1
this below-threshold dissociation is in the nature of vibrations -
excited in O-H stretch overtone regions. The vibrational
overtone spectra of hydroperoxides show not only features due
to the O-H stretch but aiso torsional excitation about the @ Figure 1. Energy level diagram for the direct overtone dissociation
bond'ls’,lGAt 41{9"" the CHOOH molecules thgt dissociate are ofgethyl hydropge)r/oxide. Engrgies are relative to the vibrational zero
ones with additional energy from a combination of thermal and  ygint energy. The dissociation energy (41.6 kcal THoshown here is
torsional excitation. Using a simple count of vibrational and the calculated value from Hou et &l.
rotational staté along with our simulated spectt&ai® we o ]
estimate that, at room temperature, onty3®é6 of absorption for CngHZOOH. To our knowledge, this |s_thg first report of
at dvon can lead to dissociation. Of the fraction of molecules ©H radical formation from the overtone excitation of §H,-
that can dissociate, an estimate@5% are in torsionally excited
states, underlying the role of torsion in the direct overtone
photodissociation of organic hydroperoxides.
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Unlike the previously studied organic hydroperoxides §CH
OOH andtert-butyl hydroperoxide), CECH,OOH has two
Gi he | f both the-a bond di - stable conformers due to differences in the dihedral angle about

iven the importance of both the ond dissociation o o hond (Figure 2). Earlier work labels them as STS and

energyDo and the vibrationattorsional transitions to C4¢DOH SGS!where the initial S indicates a staggered geometry about
direct overtone dissociation, we set out to provide an experi- thna c—C pond and the final S indicates a skewed geometry
mentalDg and to characterize vibrationraforsional excitation about the G-O bond. The dihedral angle about the-O bond
is either 180 for a trans geometry in STS or near°6r a

¥ Corresponding author. E-mail: shsieh@email.smith.edu. gauche conformation in SGS. The potential barrier for torsion
94;ZDOepartment of Chemistry, University of California, Berkeley, CA  3nout the C-O bond separating the two conformers is on the
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OOH solutions were synthesized using procedures similar to
our previous work® We verified that ethanol and water present
in the sample did not contribute to the OH LIF signal.
Experimental OH rotational distributions came from LIF
detection using selected transitions in thiEA' = 0) — X2[1-
(v"" = 0) electronic transition. To ensure no saturation of the
OH transitions, we checked that the relative intensities of the
Q1(2) peak and its @(2) satellite matched literatid®values.
We collected two sets of line profiles for a range of transitions;
data within each set were taken under identical conditions. Since
some line profiles contained overlapping peaks, we fit the
: 9I0 1:!0 2;0 3&) experimental line profiles with Lorentzian functions. We divided
. Lorentzian peak areas by Einstein B coefficiéhtsto determine

C-C-0-O dihedral angle (degrees) relative populations. This correction for the transition probability
Figure 2. Torsional potential about the € bond with wells yielded similar results to simulatioffghat took the experimental
corresponding to the stable conformers of ethyl hydroperoxide. The detection conditions into account. We saw no significant
torsional potential is taken from Lay et &.whose MP2/6-31G* difference in relative populations for P, Q, and R peaks within

calculations indicate the gauche conformer to be more stable. : .
lculati lace STS | . by 0.38 keal/mol. whil the same OH electronic and rotational state and, therefore,
K/lapczu/ at|olns*p alcel . owr(]er n e_lr]ergyb yo. K Cal/ mol ,h\'N hl € assumed that there was no significant bias for lambda states at
6-31G* calculations show STS to be 0.08 kcal/mol higher yhoqe |6y rotational quantum numbers (using the notation of

in energy*® More recent B3LYP/6-311G(d,p) calculations show piqie and Crosswhit® K < 9). Using a combination of P, Q,

the optimi_zed geometry of CﬁHZOOH.tO be in th? rans  5nd R branch data allowed us to avoid specific transitions that
conformation® This work provides experimental confirmation had interference from surrounding overlapping peaks. Data

that the trans isomer is the more stable of the two conformers.Within each set were normalized so that the sum of average
relative populations was unity.
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2. Experimental Section

Detection of OH radicals from C#H,OOH required two 3. Calculations
dye lasers, the pump beam for which was 532 nm light from a
pulsed Spectra Physics LAB-150 operating at 10 Hz with pulses
of 9—10 ns FWHM (manufacturer-specified). A portion of the
532 nm light (220 mJ puls@) pumped a Sirah Cobra Stretch
dye laser to generate the overtone-excitation ligh6% mJ
pulse’t, manufacturer-specified line width 0.04 chmear 630
nm), which was focused into the middle of the gas cell. The
other portion of the 532 nm radiation (120 mJ pueumped
a Sirah Cobra dye laser that outpu15 nm (~12 mJ pulse?,

Calculations for simulating vibrationatorsional spectra are
similar to those in our previous work!® and early papers
showing the effect of methyl group torsion on—-@& stretch
overtoneg3-2% Adiabatic separation of vibrational and torsional
motion yields wavefunctions in terms of the displacement from
the equilibrium G-H bond lengthq and the CG-O—O—H
dihedral angley, respectively.

_ ., Vib T
manufacturer-specified line width 0.07 ckmear 620 nm). For Yun=1, (@Y, () 1)
both lasers, the dyes were mixtures of rhodamine 610, rhodamine
640, and DCM. An INRAD Autotracker Ill doubled the615 We use notation whergdesignates the ©H stretch quantum

nm light to generate the OH probe light, and UG-11 glass number anch the torsional quantum number. Our calculations
filtered out the fundamental before the probe light reached the consider transitions from the vibrational ground staté< 0)
gas cell. UV filters kept powers below8 pulse?, measured to the fifth O—H stretching overtonex( = 5) involving n" and
just before the gas cell, to maintain linear dependence of then” that correspond to the eight lowest-energy torsional states.
signal on probe powers and to prevent saturation. An optical We use GAUSSIAN 9% at the B3LYP/6-313%+G(3d,2p) level
delay spaced the peak of the OH probe 11 ns after the overtone-of theory unless specified.
excitation pulse peak. A power meter placed after the gas cell 3.1. O—H Stretch Vibrational States. The O-H stretch
monitored the relative power of the overtone-excitation pulse; vibrational energies and wavefunctions are solutions for a Morse
a photodiode before the gas cell monitored that of the probe oscillator, characterized by frequeneyand anharmonicityyx
pulse by detecting scattered UV light. We verified linear parameters. Adiabatic separation of vibration and torsion implies
dependence of the laser-induced fluorescence (LIF) signal,that O—H stretch frequency varies with-€O—O—H dihedral
described in more detail below, on both laser beam powers andangley. We determinew and wx from Gaussian energies at
normalized signals for variations in laser powers accordingly. fixed C-—O—O—H dihedral angles = 0—360C° in 10°

The laser beams entered the glass gas cell collinearly. Theincrements). At eacl, we optimize the geometry and, freezing
gas cell had baffles in the arms and a photomultiplier tube the geometry in all other dimensions, calculate the energy as a
(Electron Tubes 9235QB) located perpendicular to the laser function of O—H bond length (o = 0.75-1.15 A in 0.02 A
beams and above the focal point of the overtone excitation beam.increments). Fitting these points to a 14th order polynomial
Two lenses (77.5-mm focal length) imaged the LIF onto the expansion of the Morse potential yieldsand wx.?” We have
photomultiplier tube, and a UG-11 filter reduced visible scattered chosen this particular range of points and method since they
light. The gated fluorescence signal was integrated and collectedyield wx values that are reasonably matched to values from a
as a function of laser wavelength, generating two types of Birge—Sponer treatment using the available experimental
spectra. Action spectra came from scanning the overtone-overtone frequencie$. Table 1 lists the calculated frequency
excitation laser; OH rotational distributions came from scanning and anharmonicity at the dihedral angle for the globally
the probe laser. optimized geometry,p: for each conformer.

Vapor from a~7 M aqueous solution of C#€H,O0H 3.2. Torsional StatesThe torsional energies and wavefunc-
flowed through the gas cell at pressures00 mTorr. CHCH,- tions are solutions to the Schiimger equation with the kinetic
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TABLE 1: Calculated Morse Parameters for the Two
Conformers of Ethyl Hydroperoxide

Closser et al.

TABLE 3: Coefficients for C—O—0O—H Torsional Potentials
for the Two Conformers of Ethyl Hydroperoxide

conformer Zopt (degrees) o (cm™) wx (cm™1) transv=0 gauchep=0 transv=5 gauchey=5

trans 111.2 3720 97.0 Vo 18669.4 18776.6 34286.7 34436.9

gauche 111.9 3723 96.8 Vi 785.7 901.6 512.9 653.9

Vs 528.6 573.4 663.0 697.2

TABLE 2: Calculated Kinetic Energy Parameters for the Vs 84.6 74.2 174.4 144.0
Two Conformers of Ethyl Hydroperoxide \A 15.9 13.6 49.2 39.4
conformer v yes (degrees) MonM(A) ot (cm™) oy (cmY) xz 8% gg lg; 12;’
trans 0 109.5 0.983 20.02 0.618 V7 0 -41.8 0 -99.4
gauche 0 110.7 0.983 19.93 0.587 Vg 0 -27.5 0 —84.8
trans 5 91.9 1.185 14.31 0.696 Vo 0 -11.8 0 —31.6
gauche 5 93.4 1.184 14.25 0.672

For the trans conformer, using twenty-term basis sets of cosines
or sines alone does not change the results.

3.3. Intensity Calculations. To calculate absorption cross
sections, we evaluate the standard expression, here given in units
energy and potential operators as follows. As in our previous of cn? molecule’* cm™?,
work, we use the kinetic energy operator defined byp&land

aDihedral angle at the minimum of the torsional potentialverage
O—H bond length¢ Kinetic energy parameters based on optimized
geometries at fixegt = yeqandron = Mol

Crimts fe’
rim o= oy )
Eo= 3 (0t oy cosg) L @ o |
dy dy wheref is the unitless oscillator strength for a transitfn,

where the parametergp and a; are based on masses and
molecular geometries. For each vibrational level, the molecular
geometry is optimized with a fixed dihedral angi@nd O-H for each vibrationattorsional transition. The transition moment

bond lengttron chosen to account for changes that accompany i this case is a function of both the-® bond displacement
vibrational excitation (Table 2). The torsional potentig}) for g and the torsional anglg

each vibrational level includes contributions from the elec-

tronic energVeieo the sum of zero point energi&pe for all Ly on = Z @Y (@00 00 i) e () e () O
modes except for the ©H stretch and torsion, and the-®1 o ' '
stretch vibrational energy. ()
wherei(qg,y) is the transition moment operator

fog=4.70165x 107cm D ¥, glue 4 (6)

_ 1 12
Vi(6) = Veredx) + Ezpe(r) + a)(z/ + E) - wx(u + E) ©) 6 1 [du(gy)
. ’X
pan =y d= |~
= i\ dd

andk = (x, y, 2) denotes its components along the conformer’s

(8)

Electronic energies and the vibrational frequencies used to
determineEzpe come from Gaussian optimizations at fixed
values ofy. The Morse parameter® and wx, described in
section 3.1 above, determine the-B stretch vibrational energy.  rotational axes.

We evaluate the potential gt = 0—360" in 10° increments The dipole moment operator at each torsional angle (taken
and express all energies relative to the electronic energy of theevery 10 increment starting gt = 0°) comes from calculating
optimized lower energy trans conformer. We fit the points of thex, y, andz components of the dipole moment at the HF/6-
the resulting potentials to the following Fourier series 31G(d) level of theors? over a range of OH bond lengthis(

= 0.65-1.35 A in 0.05 A increments) while holding the
remainder of the molecule in its HF optimized geometry. We
fit each set of calculated dipole moments to a sixth-c¥der
polynomial function ofg and evaluate the derivativesagt= 0.

The potential is similar to that used in our previous work, except ggﬁnie;\éa“;f:’fzoﬂgexth g]r? d'v;%rﬁzr\rﬁ%ﬁiﬁna)l(m;?\;jgﬂ;tlons
that the additional sine terms are necessary for potentials that y d Y ¥ ’

are asymmetric aboyt = 180°. Figure 3 shows the resulting generate points for an effective dipole moment function

a=0

6 3
Vi) =Vt Z V; cosfy) + Z ViresinGy) (4
i= =

fits for the v = 0 andv = 5 potentials, and Table 3 lists the fit 1 diﬂ
coefficients. o) = = VY P(g) o | VP Tk 9
We find solutions using first-order perturbation theory and a ) i @idlvo (q)@( dd )q=o,x ®)

twenty-term basis set of cosines and sines (gpsqith i = ) ) ) ) o
0-9 and sinjy) with j = 1-10). We take the unperturbed !nterpolatlon to estimate intermediate valqes anql fitting these
system to be a symmetric potential that contains the cosine termdnterpolated points to a twenty-term Fourier series generates
in eq 4, and the perturbation includes the three sine terms. Sincdunctions ofy that are used to calculate the transition moment
the trans conformer has a symmetric torsional potential about
x = 180, no perturbation is required. Its wavefunctions are
either symmetric or antisymmetric abgut= 18, so a basis

set of cosines (cog() with i = 0—9) alone is sufficient for the
symmetric wavefunctions, and a basis set of sinesjf9in(th

j = 1-10) is sufficient for the antisymmetric wavefunctions.

6

For our spectral simulations, we multiply the calculated
intensities by the Boltzmann population of the initial torsional

wl%f(x)w‘k(x)wé,‘;?(x)ﬁ (10)
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Figure 4. Vibrational-torsional spectra of ethyl hydroperoxide abh.
Simulated absorption spectra for the (a) trans and (b) gauche conformers
are shown at the top. Simulations are not weighed for relative
populations in a room-temperature sample. The vertical axis of the
experimental action spectrum (c) is a scaled match to the absorption
cross section from our previous wolkShifting the simulated spectra
507 cnt! to the blue and summing weighted contributions from the
two conformers (dotted lines) yields the solid line in (d).

state at 298 K. To approximate rotational structure, we convolute
the weighted cross sections with 50 thFWHM Gaussians.

4. Results and Discussion

4.1. Calculations for Trans and Gauche Conformers.
B3LYP/6-311+G(3d,2p) calculations place the trans con-
former 86 cnt! lower in electronic energy than the gauche.
Adding their calculated zero-point energies (using the fitted
potentials described in section 3.2) increases the energy differ-relative intensities as those in our published photoacoustic
ence to 116 cmt (0.3 kcal mot?). Calculations predict therefore  spectrumt® Scaling the action spectrum to the published
that both conformers should be present in a room-temperatureexperimental cross sectifnyields Figure 4c. The similarity
sample of CHCH,OOH. Given a Boltzmann distribution that  between the action and the photoacoustic spectra indicates no
counts the gauche conformer degeneracy as 2, the expected 29Breferential formation of OH from specific vibratiorébrsional
K trans-to-gauche populations are nearly equal. states in the &oy region.

Simulations for the two conformers differ enough (Figure The experimental action spectrum bears closer resemblance
4a,b) that their features should be distinguishable in an to the calculated absorption spectrum for the trans conformer,
experimental spectrum. Each simulation shows a similar patternbut a combination of the two simulated spectra generates a more
to our previous vibrationattorsional spectra for methyl hy-  compelling match to the experimental data. Shifting both
droperoxide'?18 starting with a main band that involves only  simulated spectra 507 crhto the blue and giving them relative
O—H stretch vibrational excitation and no change in torsional trans/gauche contributions of 0.7:0.3 yields a summed simulation
guantum number. Calculations, however, place the main bands(Figure 4d) that resembles the experimental action spectrum.

for the two conformers 60 cmt apart (at 15 611 cri for the

trans conformer and at 15 671

cinfor the gauche), due in

part to differences in their calculated-®1 stretch vibrational
frequencies» and anharmonicitiesx (Table 1) but mainly to

lated absorption spectra show relatively more contribution from

these torsional features in the trans conformer case.
4.2. Action Spectrum.The features in the action spectrum
monitoring theQ,(1) branch of the OH product share the same

This summed simulation is consistent with the trans con-
former dominating in a room-temperature sample. In principle,
the simulation could also be used to determine an experimental
energy difference between the two conformers via the population
differences in torsional zero-point energies. In general, featuresratio that yields the best match to the data. A trans/gauche
to the blue of each main band correspond to transitions involving Boltzmann population ratio of 0.7:0.3 at 298 K, for example,
torsional excitation, and those to the red correspond to hot bandscorresponds to the trans conformer lyin@00 cnr? (0.9 kcal
involving a decrease in torsional quantum number. The simu- mol™1) lower in summed electronic and zero-point energy. This
value should be taken with caution, however, since the simula-
tion does not make a perfect match to the data and since higher-
level cross section calculations are likely to change the
appropriate population ratio for the simulation. Since one-
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Figure 6. OH fragment rotational temperature from direct overtone
dissociation of ethyl hydroperoxide ar&,. The solid circles are for
the 2[5, states, and open circles are fafy.

Figure 5. OH fragment rotational distribution from ethyl hydroperoxide
direct overtone dissociation at&y, as observed (circles) and predicted
using a prior distribution (lines). The solid circles and lines are for the for the trans conformer at room temperatul&i,cr,oon = 36,

13, states and open (or dotted) fély.. Following the notation in as determined by treating it as a prolate symmetric top with the
ref 20, the quantum numbeK indicates the angular momentum  Gaussian calculated rotational constats<1.04 cni! andB
excluding the electron spin. = 0.134 cnt?, which is the average of its asymmetric rotor

dimensional calculations that ignore the dipole moment's and constants3 = 0.138 cm* andC = 0.129 cn1?).
vibrational wavefunctions’ dependence on torsional angle ineq  Further details of our calculations are as follows. For OH,
7 give similar results, as was the case in our previous Work, Wwe consider thé;(K) andfx(K) stated” but do not include their
we can also make a comparison with one-dimensional crossrespective lambda doublets. We treat{CHi,O as a symmetric
sections determined using a higher level of theory (B3LYP/ prolate top, using rotational constants from the literatahe
aug-cc-PVTZ) and a different method for determining Morse direct count of harmonic vibrational states usesz;CHO
parameterd! For these additional calculatiof&slightly dif- frequencies from Zhu et &f.Since a full list of literature values
ferent methods than ours are also used to determine dipoleis not available for CBCH,O's low-lying A electronic state,
moment functiong® With this set of integrated cross sections, Which is only 355 cm? above the ground statéwe use the
generating a similar simulation to Figure 4d requires a trans/ same frequencies for it. We consider this approximation to have
gauche ratio closer to 0.6:0.4, which corresponds 0280 an insignificant effect on the results for two reasons. First,
cm! energy difference between the two conformers. These heglecting theA state altogether only leads to a slight overes-
values are closer to the calculation predictions from section 4.1. timate for the population of highon states, with differences in
Assigning the shoulder to the blue of the main peak as a population typically less than~0.003. Second, a similar
gauche conformer feature revises our earlier interpretafion, treatment of CHOOH dissociation also leads to similarly small
where we had assumed it to be a hot band from the transdifferences (typically<0.004) when using known G A state
conformer. While the calculations do show a hot band for a frequencies® For the internal energy of GJ€H,00H, we

transition from the first excited symmetric torsional staggif assume the Gaussian-calculated thermal value for the trans

the notation of our earlier work) located 53 chto the blue of ~ conformer Enemai= 895 cn1'™. Finally, we leave the dissocia-

the main peak, its intensity is weak enough6s of the ) tion energyDo as an adjustable parameter.

contribution to the main peak) that it does not appear as a distinct  For this relatively large molecule at room temperature, the

feature in the simulation (Figure 4a). prior model and PST, not surprisingly, give similar results. The
4.3. Rotational Energy Partitioning in the OH Fragment. only difference is that the PST angular momentum constraint

Figure 5 shows the distribution of nascent OH rotational states effectively reduces the probability of forming GEH.O states
at an overtone excitation energy of 16 119 <émwhich with high J and high degeneracy. Since these higtates are
corresponds to the maximum in the action spectrum. The only energetically accessible in combination with Iy states,
populations follow a Boltzmann distribution @t,; = 484 K the reduction affects lowon populations more strongly. As a
(Figure 6). Energetic constraints (Figure 1) prohibit the forma- result, PST populations are slightly hotter than the prior
tion of vibrationally excited OH fragments in the unimolecular ~predictions. With the high averagé,cr,oon for a room-
dissociation of CHCH,OOH at 5on. The average internal ~ temperature sample, the effect is small, and our PST and prior
energy for the OH fragment comes therefore from the distribu- population differences are typically less th&0.002.
tion in Figure 5 and is 32% 17 cnTl. Since the results are so similar for both statistical models,
The experimental distribution resembles predictions using we show the simpler prior distribution, usirigy = 44 kcal
simple statistical models (Figure 5). We consider the prior model mol~1, against the experimental data in Figure 5. It is not
and phase space theory (PSY)The prior model counts all  surprising that statistical models provide good agreement with
combinations of product quantum states that are energeticallythe data since PST has had some success for the direct overtone
possible and assumes them to be equally probable. In its simplestlissociation of even smaller molecules, such as H&SH
form, PST also counts all product states as equally probable,and HONQ.*! For example, PST predictions follow experi-
with the addition of an angular momentum constraint that mental distributions well for state-resolved dissociation from
depends on the initial C4€H,OO0H rotational quantum number  specific rotational states within the&; and 4oy + voq HOOH
J. Since calculations even for a molecule as small as HOOH overtone state®. However, it overestimates populations of high
show similar product state distributions over a range of initial Jon states from Bop + voo and 5oy + voor.*° For HONG,
Jhoon Statesi* we limit our PST treatment to the averadstate at Svoy and 6o, PST predictions match experiments, with the
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exception of relative populations of spiorbit states from
dissociation at Bon.**

Our prior distributions for CHCH,OOH are sensitive to input
Do values. For example, changimy by £1 kcal mol? shifts
populations by<0.015, increases the sum of residuals¥36%,
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yield as a function of wavelength yields an action spectrum in
the 5oy region (15600 to 16 800 cm) that mimics the
published photoacoustic spectrdfnA vibrational-torsional
model successfully predicts features in the action spectrum and
provides insight into the relative stabilities of the €HH,O0OH

and provides qualitatively worse fits to the data. However, we trans and gauche conformers. Interpreting the action spectrum
regard the value used in our prior distribution (Figure 5) only as a mixture of contributions from the two is consistent with
to be an upper limit to the actual dissociation energy. We base the trans conformer dominating in a room-temperature sample.
our reasoning on the fact that similar calculations also give good The experimental energy disposal places an upper bound on
qualitative agreement with GOH data from Matthews et &t. the O—-0 bond dissociation energy Bt < 44 kcal mot®. Our

(not shown), but only when the dissociation energy is assumedmeasurement is in agreement with a recent calculated value,

to beDg ~ 44.5 kcal mot?, which is 2 kcal mot! above their
reported value. Below, we show that this estimate from our
statistical calculationslp < 44 kcal mot?) is consistent with
the measured value.

4.4. O-0O Bond Dissociation Energy Do. The overtone
excitation photon impartsE,, = 16119 cm! to room-

Do = 41.6 kcal mof’2 supporting the predicticnthat the
dissociation enthalpyAHeg is ~3.7 kcal mof! lower than
current experimental enthalpies of formation in the literature
indicate AHpos = 46.7 £ 3.1 kcal mot1).#2 Such low G-O
bond dissociation energies might make direct overtone dissocia-
tion accessible for thermally excited organic hydroperoxides at

temperature molecules that, as mentioned above, have amvgy, as we have already observed for £LHOH 12

estimated internal enerdsherma= 895 cnt! at 298 K. Upon
dissociation, some of that energy goes into dissocidignvhile
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the rest goes into translational energy and internal energy of M. Wilson for assistance with some of the experiments. Smith

the two fragments.
Ehv + EthermaI: DO + Etrans+ Eint(OH) + Eint(CHBCHZO)

Determining the G-O bond dissociation enerdyo requires a
complete description of energy disposal. While we cannot
determine the CECH,O internal energy, we can estimate the
translational energy. Our Doppler profiles for gEH,OOH
dissociation are identical to ones we obtain from the direct
overtone dissociation of GJOOH at 16 142 cm. The literature
total kinetic energy release for GBOH dissociation at that
photon energy is~1400 cnT1.13 An identical kinetic energy
for the OH fragment corresponds to a lower total kinetic energy
release~1250 cnt? for CH3;CH,OOH dissociation. Combining
Erans= 1250 cn1! with the average rotational energy (329

17 cn?) for Ein(OH) yields an upper limit for the dissociation
energyDg < 44.1 kcal mof™. A second estimate fdb, comes
from assuming that the highest rotationally excited OH frag-
ments are accompanied by negligible translational and-CH
CH,0 internal energies. The highest rotationally excited OH
fragment we observe is in tHg9) state, which has an internal
energy of 1651 cmt. Using this value foiEj(OH) also yields

an upper bound for the dissociation energyat< 43.9 kcal
mol~1. Neither experimental value @, takes into account the
internal energy of the C4H,O fragment. If it has a similar
vibrational and rotational temperature to the OH fragment's
rotational temperatureTf,; ~ 484 K, Figure 6), its internal
vibrational energy would be~530 cnt?, and its internal
rotational energy would be 510 crh Subtracting this estimated
internal energy for the ethoxy radical yiels ~ 41.1 kcal
mol~1. This experimental value compares favorably vidh=
41.6 kcal mot?, which comes from RCCSD(T)/CBS enthalpies
of formatior? for the reactants and products in the following
reaction.

CH,CH,00H+ O, —~ CH,CH,0+ OH + O,
Those same calculations predict a dissociation enthalpyHabs
= 43.0 kcal moft?. In comparison, experimental enthalpies of
formation in the literatur® yield AHyos = 46.7 £+ 3.2 kcal
mol1,
5. Conclusions

We demonstrate OH product formation in the direct overtone
photodissociation of CE¥CH,OOH at 5/04. Monitoring the OH
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