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three-fourths journal pages as described in the Announcement in the 1 July 1997 issue.
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Double-resonance overtone excitation prepares HOCI molecules in single rovibrational states above
the unimolecular dissociation threshold in the ground electronic state. Detecting the OH dissociation
fragments allows us to observe which reactant states lie above or below the dissocation threshold
and determine that threshold to be 19 29603 cmil. Dissociation rates from single,
well-characterized eigenstates of the parent molecule exhibit fluctuations of more than an order of
magnitude. ©1997 American Institute of Physids$$0021-96067)04047-4

I. INTRODUCTION levels of 6v; (OH stretch. The vibrational density of states
) . ) of HOCI at this energy is approximately 0.1 per chand

The most rigorous tests of unimolecular reaction rateye oyertone spectra presented herein show no perturbations
theories come from experiments in which one specifies comg,q 14 coupling to other vibrational levels. We can therefore
.ple.te.ly the initial state of the reactant molecule and detec_tﬁonsider the dissociation process to be the decay of a pure
individual statés) of the.product.s.. Such state-to-state EXPerlg,,. level into the dissociative continuum. We measure the
ments have the potential to critically test bath initio cal-  gisociation rate directly by time-resolved laser-induced
culations of molecular potential energy surfaces as well ag, qrescence detection of the OH products. Our results indi-
techniques for predicting the dynamics on such surfaceg.aie that the unimolecular dissociation rates exhibit large

Several groups haye measured unl_molecula_r d'Ssocanc\‘ﬂjctuations even with such well-defined vibrational eigen-
rates from single eigenstates of a highly excited reactant; o preparation

molecule on the ground potential energy surface, either by
linewidth analysis of transititions to quasibound states as in|, EXPERIMENTAL APPROACH
1,2 -5 7 _
tsr:; ig;ﬁ Ofrc%i:l?, thtl:dcga 'oe;r:geDeigi?e dorresc):/tasr?te;tsroin th The experimental approach for these double-resonance
pically p 9 9.10 y ) o Bvertone spectroscopy experiments, shown schematically in
of HFC_:OE_; and CHO,™""or by spectroscopic (i(zetectmn of the Fig. 1, has been described previouly®Briefly, an infrared
dissociation fragments as in the case of 4'?One theme |aser pulse, generated by difference frequency mixing the
that has been emerging from these studies is that at this levglitput of a narrowband0.02 cm'! Nd:YAG pumped dye
of detail, the unimolecular dissociation rates depend on théaser with the single mode output of the YAG in a LiNpO
vibrational character of the reactant state, either in a mOderystal, is used to prepare molecules in single rovibrational
specific mannéror from the statistical nature of the highly states containing two quanta @f (OH stretch vibratioh
excited eigenstate!®314 Approximately 15 ns later, a second Nd:YAG pumped dye
We report here direct time-resolved measurements of thgster (0.02 cm® bandwidth promotes these preselected
unimolecular dissociation of HOCI molecules prepared inmolecules to single rovibrational states of6 If the excited
single eigenstates near threshold with carefully controlledovibrational state is above the energy needed to break the
vibrational character and completely defined rotational quan©—Cl bond, the molecule will dissociate to produce GH
tum numbers. By using double-resonance vibrational overel. We detect the overtone absorption by monitoring the OH
tone excitation, we put HOCI molecules in single rotationaldissociation fragments via laser-induced fluoresceihtg)
in the A—X band using the frequency doubled output of a
3The Grenoble High Magnetic Field Laboratory is “Laboratoire conven- third Nd:YAG _pumped d_ye |a§er- The de!ay between the
tionne aux universites UJF et INP de Grenoble.” second and third lasers is variable but typically setttb
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ns. The frequencies of the dye lasers are calibrated using ¢ Overtone Excitation Wavenumber (cm ™)

Burleigh WA-4500 pulsed wave meter. As shown in Fig. 1,

we denote the rotational quantum numbers in the groungc. 2. Series of double-resonance vibrational overtone excitation spectra of

vibrational state with double primes and those in the interthe 6v;—2v, band of HOCI. Rotational states in the 2intermediate level

mediate state with single primes. The quantum numbers fopreselected in th% ﬁ(ijt SteFf’ ha'fé:?’f?r?d?':G—ﬁ- Tfflﬁ t‘zjt?' OH ‘;'_UO'I

the dissociaing molecules are unprimed. encnce s tecoded s o urin of e Fequry o e s aer.
Because the 2, band of HOCI is sufficiently sparsé, QR4(J') transitions from each intermediate state.

we can pick out single rovibrational states from a low-

pressure sample at room temperature. Moreover, the high

resolution of the state-selection laser allows us to resolve the

chlorine isotopes in the first step, and hence we observe viebtained by preparing molecules in single rovibrational

brational overtone spectra of single rotational states of &tates of 2, in the first step and then scanning the frequency

single isotopic species. The data presented herein pertain ef the second laser while collecting the total OH fluorescence

clusively to the**Cl isotope. emission induced by the third laser. For the data shown in
We prepare HOCI by simply mixing @, which is syn-  is figure, the infrared state selection laser prepares HOCI

thesized according to the method of Schack and Lindahl, molecules in 2, with K’ =3, andJ’ ranging from 6 to 15,

with H,0 in a 1.1 rat|q. Equilibrium is Tap'd'y attained t.’e' and the laser induced fluorescence probe laser excites the

tween these two species and HOCI, with the latter having zb (1) line of the OH products. Because each of these spec-

fractional concentration of 1498. The resultant mixture ! ) P oo - P
at{a that terminate on thei§ vibrational level originates from

flows from a glass bulb through a glass fluorescence cell : . .
approximately 40—50 mTorr as measured by a capacitanc%_s,mgleQrOtatlongI state i3, one observes only thre.e.tran-
manometer. The total OH fluorescence emission passesét'ons: P3(3'),%Rs(J"), and a weakeRQ;(J') transition

through a visible-blocking colored glass filter and is imagedthat decreases rapidly in intensity with increasiigrhe fact
onto a UV sensitive photomultiplier tube. The resulting sig-that there are ndK =*1 transitions indicates that the tran-
nal is integrated and transferred to a 486 computer via &ition moment is parallel to tha axis. The simplicity of the

CAMAC interface. spectra testifies to the state selectivity of the double-
resonance technique and makes the assignment of the spectra
lIl. RESULTS AND DISCUSSION straightforward. Moreover, the lack of splitting of these

bands indicates that the final states reached are not perturbed.

Although the transition frequencies shown Fig. 2 appear as
Figure 2 shows a series of double resonance vibrationaxpected for a parallel band of a prolate symmetric rotor, as

overtone excitation spectra in thev—2v, band of HOCI is discussed below, the transition intensities are not.

A. Photofragment spectra and assignments

J. Chem. Phys., Vol. 107, No. 23, 15 December 1997
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B. Dissociation energy

Because we measure vibrational overtone action spectr
by detecting the OH dissociation product of the highly ex-
cited molecules, only transitions to final states that are abow«
the dissociation threshold will appear in the spectrum. This
allows us to precisely determine the dissociation energy fol
the O—Cl bond in HOCI. In Fig. 2, the spectra resulting from
excitation out of theK’'=3;J'>7 intermediate states con- )
tain all three expected transition$P5(J’), 2Q3(J’), and S — e — S S S —
QR,(J’), although the transition intensities are not as ex- 0 40 8 120 160 200 240 280
pected. The spectrum resulting from excitation via Kie Pump-Probe Delay (ns)
=3; J'=7 intermediate state contains only t#@;(7) and
QR4(7) transitions that reach final states with=3 andJ
=7 and 8, respectively. The disappearance of 1Rg(7) 60
transition indicates that th&k=3; J=6 rotational level in
the 6v, vibrational level is below the dissociation threshold 50
and does not dissociate. We confirm this by measuring the
spectrum obtained by excitation via tké =3; J' =6 inter-
mediate state in which we observe only f#;(6) transition
to theK =3, J=7 final state. We therefore conclude that the z 30-
dissociation threshold lies somewhere between the energie‘E

OH LIF Intensity

K=3,]=8; k,;=60ps"

’

40~

Mo

of the 6v; K=3, J=6 rotational state and th€=3,J=7 20
state.

We determine the dissociation threshold more precisely 10+
by measuring spectra in othé manifolds. In theK=2
manifold, for example, we find that the dissociation thresh- 04—+ & .~ & _
old occurs between th@=14 andJ=15 final states. The 0 40 80 120 160 200
interleaving of energy levels in thk=2 andK=3 mani- Excess Energy (cm )

folds allows us to place the dissociation threshold t)_etvveeIEIG. 3. Dissociation rates of HOCI in thev§ vibrational band. The upper
the energy O_f th‘K_:_3- J=7 state(19 290-84_Cm -k which  panel shows the change in laser-induced fluroescence from the OH disso-
leads to dissociation and the state wih=2,J=14 ciation product as a function of the delay between the overtone pump and
(19 289.66 cm?), which does not dissociate. We therefore LIF probe lasers for the £ K=3; J=8 andK=3; J=9 states of HOCI.
determine the dissociation energy to be 19 29M% cnil. Exponential fits to‘ the garly portion of the data are shown as solid lines. In

. . . . . the lower panel dissociation rates are plotted versus the amount of excess
The final state energies are determined by ac?dmg the eXCIt@pergy above the dissociation threshold. Rates for final stateswit® and
tion wave number of the second laser to the eigenvalue of the=7-22 are shown. The dotted vertical lines indicate excess energies at

intermediate state, as determined from the infrared spectra @fich new OH product rotational levels become energetically available.
21, of Cavazza and co-worke?g From left to right the dotted lines are, respectively, the energetic thresholds

for the 2T 3(N=2),2T1,,(N=1),2TT,,(N=2) and?II,,(N=3) OH prod-
uct states.

C. Dissociation rates The upper panel of Fig. 3 shows the early portion of the

As previously noted, transition intensities in the spectratime evolution of the unimolecular dissociation obtained by
of Fig. 2 are not as expected for a parallel band of a neafixing the frequencies of the state-selection laser and the
prolate symmetric top. For example, tRetransition arising overtone excitation laser to produce parent HOCI molecules
from theK'=3; J’' =8 level (Fig. 2) appears to be anoma- in two different initial states, fixing the probe laser on the
lously weak when compared to tieandQ transitions from  Qq(1) transition of the OH product, and scanning the time
the same intermediate state. This results from collectinglelay between the overtone pump laser and the LIF probe
spectra with a shoit~15 n9 delay between the dissociation laser. As the HOCI molecule decays producing OH frag-
and probe lasers. If a molecule falls apart slowly comparednents in the probed level, the LIF intensity increases with a
to this short delay, its intensity will appear smaller than ex-rate that reflects the unimolecular dissociation rate of the
pected. Indeed, the dissociation rate for ke 3; J=9 final  parent. The total pressure in the fluorescence cell for these
state is substantially smaller than that for the other two statesxperiments was 50 mTorr. At this pressure, the hard sphere
reached via th&K’'=3; J’' =8 intermediate staté.e.,J=7 gas kinetic collision rate is approximatelyx8.0° per sec-
and J=8.) This distortion of spectral intensites occursond, corresponding to one collision everyu®. Rotational
throughout the set of spectra shown in Fig. 2. In measurerelaxation of parent molecules could conceivably occur as
ments with longer delays between the overtone pump lasenuch as 20 times the hard sphere rate or one rotational state
and the probe laser, all the transitions approach their exchanging collision every 100 ns. We therefore estimate dis-
pected intensity. sociation rates by a single exponential fit of the early portion

J. Chem. Phys., Vol. 107, No. 23, 15 December 1997
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of the curves. These should be of sufficient accuracy to shownd variations of as much as a factor of 15 for states differing

the strong dependence of the dissociation rate on the initiah J by only one. These fluctuations do not vary monotoni-

state of the parent molecule, although it is less accurate fazally with increasing energy and do not directly depend on

the slower decays. In a full publication to follow, a completethe opening of new product channels. Our initial measure-

kinetic analysis of the pressure-dependent curves will fit botiments show a strong negatitedependence to the dissocia-

the rising and falling portions. tion rate. There is also some evidence of an increase in the
From the two time evolution curves shown in Fig. 3, onedissociation rate for states that have mixtures of other zeroth-

can see that the unimolecular dissociation rate of HOCI molerder vibrational modes.

ecules from the state witkK=3; J=8 is about 15 times With eigenstate-resolved unimolecular dissociation mea-

faster than that at the next higher rotational le¥ek 3; J  surements, a molecule as small as HOCI should provide criti-

=9. The lower panel shows the disociation rate as a functiowal tests both of calculations of potential energy surfaces as

of energy for the states witK =3 and J ranging from 7 to well as of the dissociation dynamics on such surfaces.

22. It is clear that over the 225 c¢rhrange shown in this

figure, the dissociation rate varies sharply and nonmonotoniACKNOWEDGMENTS

cally with energy and angular momentum. The sharp

changes in dissociation rate are not directly correlated witrb |
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