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We studied the state-resolved dynamics of acetaldehyde in electronically excited-atateith high resolution,

0.025 cmt. Near a threshold for dissociation into gt HCO that is 1506-1750 cn1* above the vibrational

ground state of acetaldehyde iAAX’, the vibrational levels are investigated with laser-induced fluorescence.
The rotational structures of four bands in this region are partially assigned. These assignments allow us to
determine the dependence of relaxation of individual rovibrational levels on energy as well as rotational
guantum numbed. The measured lifetimes vary withas a result of an increased number of nuclear hyperfine

T, states that couple with a selected vibrationally excited state. For these four vibrational levels the rate
constants of fragment HCO appearance are greater than decay for initially prepared excited states; this deviation
implies that only a fraction of initially prepared states couple effectively to dissociation.

1. Introduction At large excitation energy near the top of the dissociation
barrier on the triplet surface, the molecule is expected to tunnel
through the exit barrier to form products; therefore, the rate of
decay of excited acetaldehyde is expected to increase from
coupling to triplet states. In transformed plots of decay traces
with quantum beats, the bandwidth increases with rotational
qguantum numberd andK, indicating a systematic dependence
on rotational quantum number for decay of the triplet states. A
Coriolis-induced vibrational coupling within the triplet manifold

The mechanisms of unimolecular dissociation of molecules
at levels of vibrational excitation are of fundamental interest
for understanding reaction dynamics and chemical reactivity.
High-resolution spectra of excited molecules with diverse
techniques of detection provide much information on coupling
between various zero-order vibrational modes that typically
control early stages of redistribution of vibrational energy and
interaction among electronic surfaces when the electronically . . . . . o
excited states are accesdedf When these states are correlated  © a.dls.souatlon continuum on the exit side of the dissociation
to dissociation channels, the spectroscopy provides a foundationbarrler IS proposeéﬁ ) ) o
for understanding of dissociation dynamics. Here we discuss use of a laser with high resolution in fre-

The transition AA"—X1A’ of acetaldehyde is described as duency and temporal domains to investigate relaxation and
n—x*. Upon excitation to staté A", intersystem crossing to  dissociation at a state-resolved level of detail. Near the top of
state T and then to dissociation with an exit barrier for the dissociation barrier on the triplet surface, in the region
formation of CH + HCO is suggested to be the major pathway 1500-1750 cnv* above the ground vibrational state of acetal-
for dissociatiorts We in this laboratoryf and Gejo et a7~ dehydein AA”, we recorded spectra with resolution 0.025¢m
reported fluorescence decay of staf\A with a quantum-beat ~ @nd decay curves of individual states. The appearance of
phenomenon, attributed to interaction with state Because ~ fragment HCO is detected when acetaldehyde is photolyzed at
the triplet manifold is correlated to a dissociation continuum, Medium resolution 0.1 cnt. The state-resolved dynamics of
near the top of dissociation barrier, states coupled to triplet dissociation is investigated from both the dissociation of the
manifold display short lifetime&18 parent molecule and the appearance of fragments.

The lifetime ofJka = Op of vibrational ground state of "
is reported to be 171 ns resulting mainly from internal 2. Experimental Section
conversion to the ground electronic st&td@he rate of internal ) ) ) ) )
conversion is expected to increase with energy. Then, a large 1. High Resolution. As experimental details are described
lifetime indicates mixing with character of triplet states. Mixing elsev_vherég only a brief description is given here. Acetaldehyde
of states AA" and T increases with rotational quantum number (Aldrich 99.5%) seeded in helium G-1L% in a supersonic jet
J and is observed from increase of number of beat frequency Was detected with Iaser.-lnduced fluorescence via transition
in the quantum beat experimeRts8 This can be explained that ~ A*A"—X'A". The gas mixtures were expanded through an
the nuclear hyperfine states become more numerous as orifice (General Valve, diameter 0.2 mm) into a vacuum

increases. chamber with stagnation pressure-70 atm. The rotational
temperature of acetaldehyde in the jet was estimated to be less
T Part of the special issue “C. Bradley Moore Festschrift”. than 2 K for a mixture at 0.1%.
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KDP crystal (INRAD, KDP-C). Output of the single-mode Ti-
sapphire laser (Coherent 899-29) was used as a seeding beam fqQ,
for the pulsed amplifier. This amplifier pumped with a Nd:YAG

laser contains the first stage of dye and the second stage of

Ti:sapphire, pumped with another Nd:YAG laser, to yield pulses R
at energy 26-30 mJ/pulse and repetition rate 30 Hz. The output
of the pulsed amplifier has a transform-limited bandwidth in
wavelength range 780794 nm and temporal width-45 ns.
This laser system is described in detail elsewR&?ré After
frequency mixing the UV beam has an energy-235mJ/pulse

in a wavelength range 31820 nm and bandwidtk 100 MHz.

The total emission of acetaldehyde was collected through two
lenses onto a photomultiplier without an amplifier; between the
lenses a slit was set to limit the Doppler spectral widtk 60025
cm~L. Decays of fluorescence of individual levels were recorded
with a digital oscilloscope (Tektronix 744A, 500 MHz) and were

averaged over 206683000 shots. Each trace is As long ) ) ) .
Figure 1. Spectrum and assignments of a band near its origin at

containing 506-1000 points with a step size .Of_]Z hs. Some 31 348 cnit of AIA"—X!A’ of acetaldehyde recorded with resolution
background curves were recorded by detuning the wavelengthy go5 oyt

from acetaldehyde lines; these decay were fitted with Gaussian
functions to give a full width at half-maximum (fwhm) around Rp
7 ns.
2. Medium Resolution.Acetaldehyde in helium (0:62.5%) s
was expanded through a pulsed nozzle (General Valve, dia. 0.5
mm) operating at a repetition rate 10 Hz with a stagnation
pressure 37 atm. The output of a dye laser (Continuum NDG60,
dual grating, DCM dye) pumped with a Nd:YAG laser
(Continuum NY81-C) was directed to a KDP crystal to generate
wavelength 336350 nm with an energy 57 mJ/pulse and
resolution 0.1 cml. These laser pulses serve to excite acetal-
dehyde to state 3A". The region of excitation was selected
for which rotational assignments are known and spectral
transitions are resolved. The decay of acetaldehyde was recorded — :
with a digital oscilloscope (Tektronix 620B, bandwidth 500 31360 31361 31362 31363 31364
MHz) and about 1000 shots were averaged for each curve. wavenumber /e’
The detailed experimental setup for detection of fragment Figure 2. Spectrum and assignments of a band near its origin at
HCO is described elsewhéPeand is summarized as follows. 31362 cm! of AIA"—XA’ of acetaldehyde recorded with resolution
A second dye laser pumped with a Nd:YAG laser (Continuum 0.025 cnr™,
NY82) generated pulses 315 mJ near wavelength 516 nm
(dye Coumarin 500). The frequency was doubled in a BBO
crystal to give a UV beam with energy 2.5 mJ/pulse to 0 4—F—3—43 —
excite HCO to state 8\; 0°. The wavelength of the probe beam P P ‘
was fixed either at the bandhead region or at transfiey(4). ‘
Both the photolysis and probe laser pulses overlapped spatially j j | |
and interacted with the molecular jet £2.5 cm downstream : ‘
from the orifice of the nozzle. Total fluorescence of formyl radi-
cal was detected with a photomultiplier (EMI 9658R) after inter-
ference filters (CVI, 334t 10 nm). The temporal delay between
the photolysis and probe laser pulses was varied frdi0 to
500 ns with step size 2 ns to produce a rise curve of HCO. The
decay of excited acetaldehyde was recorded when the probe
laser was turned off and other conditions were kept unaltered.
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L. Spectra and Flupre_scence Decay at High Resolution. Figure 3. Spectrum and assignments of a band near its origin at 31 585
The fluorescenge .eXCIta“(.)n Spectrum of acetaldehyde near thecm*1 of ATA"—X!A' of acetaldehyde recorded with resolution 0.025
top of the dissociation barrier on the triplet surface was recorded. ;1.

In this region, only small portion of spectrum is assigned because

of its complicated spectral features. Many groups reported unresolved. Rovibrational assignments including the interaction
spectra and assignments ofA%'—XIA' near the origin of of torsional and rotational motions at energy near and above
AIA" 192229 However, because the torsional motion of methyl 600 cnt?! are currently under investigation. Hence, at energy
and inversion of aldehyde hydrogen interact, definite assign- of interest in the present work, the vibrational assignments are
ments of vibrational and rotational levels at a vibrational energy unavailable. Here we report vibrational bands near the top of
near and above the torsional barriet600 cnt! remain dissociation barrier on the triplet surface with partial rotational
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confirmed from having similar quantum-beat pattern in decay
curves. The remaining unassigned lines can arise from states
with largeJ andK, e torsional states or from other vibrational
levels.

Fluorescence decays of rovibrational levels 6AA in the
same region were recorded; some experimental curves are shown
in Figure 4. Most decays display more or less oscillatory
modulation when excited with a high-resolution laser. For
excitation with medium resolution, curves tend to display
biexponential decay from superposition of more states. The
fraction of levels showing beating modulation varies and there
appears to be no systematic dependence on vibrational energy
or on vibrational quantum number. Details of the beating
phenomenon appear elsewh&iéé Here we report the results
of the rate of decay of individual excited states. All the decay
curves were deconvoluted from the instrument response function
to obtain accurate time constants. The overall instrument
response was assumed to be a Gaussian function from fitting
to some background traces measured experimentally. To
compare the decay of all states we obtain time constants from
best fits to exponential functions, even for curves with oscillatory
modulation. Only few decay curves display large modulation
and cannot be fitted exponentially.

In the region of interest in the present work, about-85%
of curves display biexponential behavior and those are as shown
in Figure 5; we assign the fast component to dephasing of
eigenstates (or intersystem crossing) and the slow one to decay
of eigenstates according to Lahmani et’%itand Kommandeur

of (a) appearance for fragment HCO and of (b) fluorescence decay for €t al**~3 These eigenstates consist of mixture of th¢Bight)
acetaldehyde denoted with excitation energy. The decay curves withand T, (dark) states. Hence we use the time constant of the
assignmentskac — Jkacc’ are recorded with high resolution and the  slow component to compare with that of the rise of fragment
rise curves with medium resolution. The fitted decay curves were HCQ.
convoluted with a Gaussian function with fwhm 7 ns and the rise . . .
curves with a cross-correlated Gaussian function fwhrO ns. Wle made fits for states in a frequgncy reglorl 31230 600 .
cm™1; as the threshold for formation of radical products is
assignments and label them according to their band origin. Theestimated to be 31 650 crh?® this region about 56400 cn1?!
bands near origins 31 348, 31 362, and 31 585cracorded below is considered to be within the tunneling range for
at resolution 0.025 cmt and rotational assignments are formation of radical products. The results of time constants (slow
displayed in Figures 13, respectively. The assignments and component only) obtained for all states detected versus excitation
spectrum of another band in this region at 31 528 trmre energy are displayed in Figure 6. According to this plot, within
shown previously® All rotational assignments were made a vibrational level the decay time constant varies but the overall
according to the method of combinational differences of time decreases abruptly near 31 600 émonsistent with the
rotational levels in the ground electronic state; all assigned lines previously determined value for threshold. In this region there
belong to the aa torsional transition (components a and e is near one band per ¥@0 cnt!. Toward lower energy, some
resulted from torsional splitting). Some assignments were states display long lifetimes, and the variation of the time
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Figure 5. Experimental decay curve at excitation energy 31 524.004" ahtained at high resolution with best fit to (a) biexponential and (b)
single exponential functions. Both fitted curves are convoluted with a Gaussian function with a=fwhms.
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Figure 6. Plots of decay lifetime of AA" state obtained at high
resolution with best fit to an exponential function vs excitation energy;
the time constant of the slow component is shown here when a
biexponential function is used for fitting.
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Figure 7. Plots of decay lifetime of BA" state vs rotational quantum
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cm™L. Symbol circle denotes state = 0 and cross fokK = 1.
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Figure 8. Spectra of fluorescence excitation of'A%'—X!A’ of
acetaldehyde obtained at high (lower trace) and medium (upper trace)
resolution for bands near (a) 31 348 and (b) 31 528'¢filled squares

on the upper trace denote transitions used to detect the rise of fragment
HCO. The assignment on the lower tracelis .

interested in in this work, a relatively slow intersystem crossing
rate is expected; our values agree with the results of Abou-
Zied and McDonald” However, near the dissociation threshold
the rate-limiting step is the formation of radical products.
Because some rotational states are assigned, we selected lines
with little overlap to produce state-resolved lifetimes. The plot
of the fitted time constant versus rotational quantum nundber
in Figure 7 for four vibrational levels facilitates comparison of
their behavior. Near the top of dissociation barrier on the triplet
surface the molecule is expected to tunnel through the exit
barrier to form products. One would expect that lifetime
decreases from mixing with more triplet states. Indeed the two
levels at high energy show decreased lifetimes with increasing
J. We would expect that the two states at low energy undergo
tunneling less efficiently; an increase in lifetime is expected
from coupling to more triplet states that are not dissociating.
However, the level at 31 348 crhhas a short lifetime from

constant for decay is smaller than for states near the dissociatiorcoupling to more triplet states. This indicates that the triplet

threshold. At high energy the lifetime can be as smah-a¢

ns. The fast components of biexponential fits corresponding to
short dephasing time are from less than the uncertainty with
the method of convolution~2 ns) to 5 ns. Abou-Zied and
McDonald?” reported an evolution time constant around 665
ps for fragment HCO and G3€O from acetaldehyde at 266
nm photolysis; the intersystem crossing far-3 is the rate-
limiting step for dissociation. At the excitation energy we are

states coupled to this level may interact with the dissociation
channel more efficiently than those to the level at 31 362%cm
that is 14 cmi® higher in energy. This would imply a specificity
of vibrational mode or symmetry for dissociation, as suggested
by Choi and Moore for HFCO dissociatiéi.Another explana-
tion is that the variation occurs from the process of internal
conversion to the Sstate. Noble and Lé&reported that the
vibrational modev;p (CCO deformation) anaty4 (CH out-of-
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TABLE 1: Time Constant for Rise HCO Rise and for Decay of Acetaldehyde in State AA" 2

medium resolution high resolution
position/cnt? 7€ Ins 71%%Yns 7%Yns 719¢°ns 795 ns transition
level 31 348
31 346.920 126 11 121 <2 139 h1—202
31 347.566 96 10 120 98
31 348.213 135 12 1410 154 11— 101212 202,313~ 303, 41a—4oa
31 348.850 122 i 131° 5 141 11— 000
31 349.328 137 10 131
31 349.493 98 11 131 125 12101
31350.124 115 10 135
31350.717 128 11 133 117 14303
level 31 362
31 360.448 126 12 135 105 122313
31 360.922 95 Lo4-413
31361.027 110 12 140 98 1121
31362.217 95 12 138 93 12211
31 362.545 99 12 141 100 1115202
31 362.859 90 14 142 87
31363.416 91 12 138 96 01000
31 364.019 101 12 136 108 022101
31 365.244 109 12 136 110 0303
31 365.776 102 12 139 103 133202
31 366.993 99 B5i5—404
31367.033 102 12 135 102
31 370.945 128 10 125
level 31 527
31519.357 51 60 84
31520.275 66 63 3 100
31523.331 57 66 72
31523.575 38 10 77
31524.004 44 9 76 3 84
31 524.559 38 62 115 02101
31524.620 40 10 66 <2 64 2313
31525.216 78 11—212
31525.270 54 9 n <2 71 3—200
31528.022 56 11 75 89
31528.664 52 11 72 98 11000
31529.329 53 10 72 4 82
31529.432 48 69 4 95
31529.918 51 10 70 <2 82 33202
31532.228 60 68 3 107
level 31 585
31590.167 21 10 40 53 11110
31592.404 23 9 46 46 14000
31 593.054 26 11 45 48
31593.709 20 11 38 34 13202

2 A single time constant is listed for a fit to a single-exponential functiddecay with large oscillatory modulation.

plane bend) promote decay of.3-uture work in vibrational The time constant of HCO rise and of decay of parent excited
assignments in this region is expected to elucidate thesestates obtained at medium resolution are listed in Table 1. The
experimental results. time constant for decay of nearby excited states at high

2. Appearance of Fragment HCO at Medium Resolution. resolution is listed for comparison; the assignments are made

The appearance of HCO was detected at several levels toaCCOI'ding to the transitions to brlght states. In Figure 9 the time
compare with the results from decay of initially prepared states. constant is plotted versus excitation energy. For a vibrational
Two experimental curves for vibrational levels at 31 362 and level at 31 362 cm! the time constants for decay of individual
31527 cmit are shown in Figure 4. Because the molecular jet rotational states are in general slightly larger than those
with a warmer rotational temperature was used to measure themeasured with high resolution whereas the other three levels
rise of fragment HCO, within the laser frequency prof”e many dlSplay smaller constants. This is because some states with hlgh
transitions possibly containing states with higfare excited. ~ Jwere photolyzed, consistent with results from high-resolution
For bands at 31 346 and 31 527 chnspectra recorded with ~ Work, i.e., mixing with more states with short lifetime results
high and medium resolution are shown in Figure 8 for insmall time constant when detected with medium resolution.

comparison. The yield of total fluorescence of fragment HCO For the level at 31 362 cmi the coupling states have long

appears to rise sing|e_exponentia”y because sté%%’ Asl) Iifetimes, with a warm jet the average lifetime is expected to
and T; mix strongly; the appearance of products is expected to be long.
correspond to population decay of/'B; eigenstates. Even for For all four vibrational levels the time constants of appearance

decay of excited states of acetaldehyde displaying strongof HCO are on average smaller than the decay constants
oscillatory modulation obtained with medium resolution, the obtained for the same wavelengths under similar conditions.
appearance of HCO under similar experimental conditions showsThis deviation becomes increasingly significant as excitation
a smooth single-exponential rise. energy increases. In the case of deuterated acetaldehyde, large
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