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Photofragment translational spectroscopy has been implemented to obtain correlated final state distributions
for the acetylene HCI complex. Vibrational predissociation is induced by exciting the asymmetric acetylene
C—H stretching vibration. In contrast with previous studies of this system, which suggested that the primary
dissociation channel involvéstermolecular V.-V energy transfer (resulting in the production.of 1 HCI),

the present study shows that the dominant channel invahtemmolecular V-V energy transfer, with the
majority of the excess energy remaining with the acetylene subunit. In fact, the dissociation energy determined
in the present studyDo = 830+ 6 cm', indicates that the HCl(= 1) channel is closed.

Introduction excitation of the asymmetric €H stretching vibration was
anomalously broad with respect to the frequency shift. When
combined with the observation that the broadening of the
acetylene-DCI complex was considerably smaller, we postu-
ted that in the former case a near resonance might exist
etween the excited state of the complex (minus the dissociation
energy) and the HCI fragmentv = 1 vibrational state,
enhancing the rate corresponding to the intermolecutavVv
process. Subsequent pumprobe experiments by Rudich and
aamar® used REMPI spectroscopy to probe the= 1 HCI

The literature on the vibrational predissociation of weakly
bound complexes is extensive, with new developments having
been made in both experimént and theory*1° For most of
the systems that have been studied, the focus has been on th
determination of the rate of dissociation, most often determined
from measurements of the homogeneous line broadening
observed in the spectruih, 4 although real time measurements
of the lifetime have also been carried d%Erom the wide range

of systems that have been studied, some trends emerge th t following infrared - fth I :
provide us with insights into the nature of the dissociation ragment, following Inirared pumping ot the complex using an

process. For example, it has long been recognized that energ)PPlo Iasetr.t'_l'he3; mtd?ed obser_v?d tthe F;LO?#CUOM of1 HCI
or momentum gap considerations are important in these In low rotational states, consistent wi € near résonance

systems016-19 the basic idea here being that the final states picture, which implies that there is rather little excess energy

that tend to be favored are those with small translational recoil ava}[lt!at(lee d't((j) thf flrlagmfentfh Ugfct)rtun.atetly ' th'fs trr:uﬁmwﬁ
energies. The rationale for this is that there is poor overlap M€t0ad did not-allow for the determination of the acetylene

between the bound state wave function of the complex and fragment states, nor the probin_g O.f the= 0 HCI rotationa_l
continuum wave functions corresponding to high translational states. Ne;erthelg_ss, the comdblnat|on o_fdthe sphectrosco?m_and
energies, the latter being highly oscillatory. Another trend PUMP~Probe studies seemed to provide rather conclusive

indicates that the predissociation lifetimes decrease with increas-€vidence for intermolecularV energy transfer in this system.
ing vibrational frequency shift (from the monomer to the  In the current study, we have measured the photofragment
complex)®2° This clearly results from the fact that large @angular distributions for acetylen¢iCl using the optothermal
frequency shifts are indicative of strong coupling between the method2* The acetylene HCI complex is oriented in a strong
intermolecular and intramolecular degrees of freedom, precisely electric field#> 2% so that the photofragment angular distributions
the coupling needed for dissociation. associated with the two monomer fragments can be recorded
Armed with the lifetime-frequency shift correlatioh2° one separately. This is possible because axial recoil of the oriented
then considers with special care systems that deviate stronglycomplex results in the two fragments recoiling in opposite
from this behavior, presumably indicative of something more directions in the laboratory frame. As shown below, the
interesting. For example, excessive broadening in a spectrumdistributions observed here are inconsistent with the intermo-
has often been rationalized in terms of near resonances that makéecular V-V mechanism discussed above. Dissociation is found
energy transfer and dissociation more faéfién the present ~ to proceed via the intramolecular-W channel, resulting in
Study, we consider a case in point, name|y, the acetyle{@ the -pl'OdUCtlon ob : 0 HCl and aCth'ene In the{I: stretch .
complex. This system was first studied by microwave spec- €xcited state. At first, we thought that the disagreement with
troscopy, which showed that it is T-shap@dwith the HCI the previous result§ of Rudich and Naaffanas simply due
hydrogen bonded to the cloud of the acetylene. In a previous o the fact that the intermolecular-W process that produced

infrared study?? we showed that the line width resulting from HCI (v = 1) was only a minor channel, to which we were not
sensitive in the present study, while the REMPI probe method

* Corresponding author. Fax: (919) 962-2388. E-mail: remiller@unc.edu. was ideally suited to detect it. Nevertheless, as we will show
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herein, the dissociation energy we obtain from the present results 204
indicates that the HClu(= 1) channel is actually closed.

In addition to the previous experimental studies, there have
been several ab initio calculations carried out for the acetylene 154
hydrogen chloride complex. In agreement with experiment, these
studies give an equilibrium T-shaped structure for the complex.
Unfortunately, the ab initio binding energ#és® vary from 1.2
to 2.8 kcal/mol, depending on the method and basis set.
Nevertheless, these results are still quite useful for comparison
with the dissociation energyg) obtained in the present study.

fQy(1) transition

10

Scattered Intensity (AU)

Experimental Method

The experimental apparatus used in the present study has been

discussed in detail elsewhef®e.lt consists of a rotatable 0 T T T T A
molecular beam source with two collimating skimmers to or o e
provide high angular resolution. An F-center laser intersects the Laboratory Angle ()

molecular beam at the axis of rotation, where the complexes gigyre 1. Experimental angular distribution for the acetylerCl

are excited and dissociate. In the present study, the F-centercomplex following the excitation of the-6H stretchRQq(1) transition

laser was operated on the RbCI:Li crystal (#3), pumped by 1.4 of the complex. The solid curve represents the calculated angular
W from a krypton ion laser. This yielded approximately 30 mw distribution for this transition using the probabilities obtained from the

of power in the region near 3300 cth Angular distributions ~ ©riented angular distributions.

were recorded for the particular initial state of the complex by .

varying the angle between the molecular beam and the line Same set of open channels were indeed populated, although there
Jo|n|ng the photo'ys|s V0|ume and the bo'ometer detec’[or’ in were Slgn|f|cant dlfferences n the aSSOC|ated pI’ObabI|ItIeS.
0.25 increments. Since the laser had to be held fixed on top of

the transition of interest for a period of approximately 30 min, Results

it was locked to an evacuated and temperature-stabilized |n the preliminary stages of these experiments, we recorded
confocal Etalon. Given that the transitions in the acetytene photofragment angular distributions in the absence of an electric
HCI complex are quite broadthis presented no real problems.  field. Since the complexes are not oriented in this case, the

The short lifetime of the complex, in comparison with the flight  detector sees both fragments simultaneously. A typical angular
time of the molecules to the detector, ensures that dissociationdistribution obtained in this way is shown in Figure 1, in this

occurs within the laser excitation volume. Two electrodes flank case pumping th&Qy(1) transition of the complex. In this
the photolysis region for the purpose of applying a large dc experiment, the laser polarization direction was aligned parallel
electric field to the complexes so that they can be oriented prior to the molecular beam. The difficulty with data of this type is
to being excited by the laser. A bolometer detector is used to that it lacks the structure that we have used in the3past
record the angular distributions for the two fragments, which determine the correlated final state distribution of the fragments.
recoil in opposite directions in the laboratory frame (the HCI This is primarily due to the fact that the two fragments resulting
recoiling toward the positive electrode and the acetylene toward from dissociation of this complex have very different masses
the negative). Since the bolometer is an energy detector, theand thus scatter to different laboratory angles. As a result, the
relative intensities of the two angular distributions provide us angular distribution shown in Figure 1 is really a convolution
with information on the relative energy content of the two of two distributions, one for each fragment, which results in
fragments. This form of photofragment microcalorimetry is the ' significant blurring of the associated features. To overcome this
key to assigning the angular distributions discussed below to difficulty, we made use of a strong dc electric fi&c” to orient
specific photofragment channels. To guarantee that the relativethe molecules so that the fragments recoil in opposite directions
intensities of the two distributions are accurately determined, in the laboratory frame and thus can be detected separately.
the intensities were compared at various angles by quickly The pendular state spectroscopy of the acetylét@l
reversing the polarity of the orienting electric field. This complex is complicated by the fact that the transition moment
essentially eliminated the possible changes in intensities due toof the asymmetric €H stretching vibration is perpendicular
long-term fluctuations in laser power and bolometer sensitivity. to the permanent electric dipole moment. The latter is largely
The complexes of interest were formed by expanding a 5% accounted for by the vibrationally averaged projection of the
HCI and 6% acetylene in helium mixture through a & HCI dipole moment on thé-axis of this T-shaped complex,
diameter room-temperature nozzle, from a source pressure ofwhile the transition moment is localized along the axis of the
500 kPa. The velocity of the parent complex, measured by acetylene subunit. As a result, theaxis of the complex
Doppler spectroscop§to be 1460 m/s, was needed to determine becomes oriented with the electric field direction, which in the
the recoil kinetic energy of the fragments from the laboratory present experiments is arranged perpendicular to the molecular
scattering angle. beam, in the detection plane. In the limit of perfect orientation,
The rather large homogeneous line widths observed for the the acetylene axis will thus be perpendicular to the dc electric
acetylene-HCI complexX? did not allow for the resolution of  field. As a result, the optimum excitation occurs when the laser
transitions associated with t{eCl and37Cl isotopic forms of electric field is orthogonal to the dc field. A detailed discussion
the complex. Therefore, we will omit the use of the isotopic of the pendular spectroscopy and orientation distributions
superscripts throughout the text and we simply assume that theresulting from these conditions is given elsewhere, using the
dissociation dynamics of the two isotopic forms are the same. very similar case of acetylerdHF as an exampl& As
It is interesting to note that a similar study of the HIF3CI discussed therein, one observes a single intense transition in
and HF—H?Z"CI photodissociation dynamitsshowed that the each of thek, sub-bands associated with the perpendicutaHC
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7 recoil energy going into the lighter fragment, the laboratory
36‘_ frame kinetic energy is mainly determined by the stream velocity
A of the parent complex, which is clearly the same for both
fragments. As a result, the laboratory frame kinetic energy is
actually greater for the heavier fragment, namely HCI. Since
the bolometer is an energy detector, this again favors the
detection of HCI. There is also a difference in the sticking energy
of the acetylene and HCI fragments to the bolometer, which is
likely to be higher for the HCI fragment than for acetylene,
due to hydrogen bonding. Thus, the combination of these three
factors strongly favors the detection of the HCI fragment. Now
if the HCI fragment was also produced in the= 1 state, leaving
the acetylene fragment with very little internal energy, the
favoring of the HCI would be even more exaggerated. This is
clearly at odds with the experimental results that show only a
B/ S 2 slight favoring of the HCI. The implication is that the acetylene
fragment must carry away more internal energy than the HCI.
Laboratory Angle ( ©) This conclusion is surprising given the discussion of the previous
work on this syste#23 that indicates that the primary dis-
sociation channel involves a near resonant intermolecutav V
energy transfer, resulting in the vast majority of the excess
B energy appearing as HCI internal energy.

' As noted above, Rudich and Naarf&imave measured a final
\ rotational state population distribution for HCb (= 1),
‘.| apparently produced from vibrational predissociation of the
' acetylene-HCI complex. Note that, for channels corresponding
\ HCl fragment to the production of vibrationally excited HCI, only the
vibrational ground state of acetylene is accessible. Since the
acetylene rotational distributions were not measured in the study
of Rudich and Naama#f, we must make some reasonable
assumptions in order to calculate the expected angular distribu-
tions. In the analogous acetylenidF complex3® we have found
that acetylene rotational excitation is low and approximately
Boltzmann, which is the initial assumption we also make here.
In any case, the rotational constant of the acetylene is small
Laboratory Angle ( °) enough that this degree of freedom cannot accommodate much

. . _ energy.

Figure 2. Comparison between th€, = 2 <— 1 experimental angular S

digtributions (dgta points) and thc?:?é calculated Fgased on the?esults ofThe calculated angular distribution, based on the results of
Rudich and Naamah (dashed lines). The calculations shown in (A) Rudich and Naamat?,which include all of the effects discussed
and (B) correspond to two different acetylene rotational distributions above, is shown as the dashed curve in Figure 2A foKiwe

and a dissociation energy (based on Rudich and Naaman) of 120 cm 2 < 1 angular distribution. In this case, the rotational temper-
stretching band of the complex, each one giving rise to a highly ature of the acetylene fragment was fixed at 10 K for each of
oriented excited state. For the present purposes, it is sufficientthe four lowest{ = 1) HCI rotational states observed by Rudich
to say that the corresponding states are sufficiently oriented to@nd Naamaf As expected, the signals on the HCI side of the
ensure that the two fragments recoil in opposite directions in @ngular distributions are much larger than on the acetylene side,
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the laboratory frame of reference. since all of the detection factors now favor the HCI fragment.
Angular distributions were obtained for pendular state transi- Clearly, this calculation not only gets the microcalorimetry
tions of the acetyleneHCI complex associated with tHé, = wrong but also the shape of the individual angular distributions.

1< 0,Ka= 0+ 1, andK, = 2 — 1 sub-bands. An example  Of course, the detailed shape of these angular distributions
of these data is given in Figure 2. The first thing to note is that depends strongly on the rotational distributions of both frag-
there is now some structure in the experimental angular ments. Figure 2B ghows the bgst fit to the experimental data
distributions, giving hope that we can obtain useful information (assuming the HCl is produced in= 1 with the HCI fragment

on the final state distributions. Second, the position of the peaks fotational distribution determined by Rudich and Naaffjan

on the two sides confirms that the parent complex is oriented, obtained by varying the rotational distributions of the acetylene
as shown by the fact that the heavier HCI fragment scatters tofragment, in this case yielding rotational (acetylene) tempera-
smaller angles than the lighter acetylene. At this point we should tures of 15, 100, 150, and 300 K for the HCI rotational levels
consider the factors that effect the relative intensities on the ] = 3, 2, 1 and 0, respectively. Again, the signals on the HCI
two sides. First, due to its smaller mass, the acetylene fragmentside remain much larger than those on the acetylene side, in
recoils into a larger solid angle and as a result is less efficiently contrast with the present experimental results.

detected by the bolometer. As a result, if all else were equal, We were completely unsuccessful in our attempts to repro-
the signals associated with the acetylene fragment would beduce the data assuming the HCI was produced inuthe 1
smaller than those for HCI. Another factor is the kinetic energy state. Not only is the microcalorimetry always wrong but the
of the two fragments. Although conservation of momentum in number and energies of the open rotational channels are
the photodissociation process will result in more center-of-mass completely inconsistent with the observed angular distributions.
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For example, there is simply not enough available energy in 16 - 6m
this case to account for the observed scattering intensity at large 1 ST 1 024
angles, as indicated by the sharp cutoff of the calculated 14 4mm
distributions. It is important to note that the comparison between Zn:."n"m

the calculated distributions based on the Rudich and Naaman 12+ {pm
resultg® and the present experimental results assumes that thes {0
initial excitation of the complex is the same in both experiments. <10
Although Rudich and Naaman point out that their temperature
is higher than that in our previous sti#8ywhich is the same

as in the present study), we will show below that tkg
dependence of the photofragment angular distributions is
insufficient to account for the differences.

In the previous study of the acetylenelF complex3® we
proceeded to assign the final states by probing the fragments
with a second F-center laser. Unfortunately, the signal levels
were considerably lower in the present experiments, mainly due
to the large lifetime broadening of the complex. As a result, 0_2'0 s 40 s o s o 15 20
the probe laser experiments were not possible in this case. Laboratory Angle ()

Nevertheless, the fact that excitation of th_e same acetylene mOdq:igure 3. Photofragment angular distributions for orientegHg-HCI,
in acetylene-HF®® leads to the production of the acetylene pumping theK, = 1 — 0 sub-band of the asymmetric—®i stretch.
fragment in the G C stretching excited state may be taken as The solid line through the data points represents the best fit obtained
a first indication of what might be going on here. using a Monte Carlo procedure to include the instrumental factors that

Rudich and Naamah concluded. from the observation of control_t_h_e resolution. The free parameters in the fit are_the relative
the HCl inv = 1, that the dissociation energy of this complex probabilities for producing the various (correlatg@iCl), j(Catt.)
v=4, ay p fragment states. The acetylene fragment is taken to be in th@ C

was betvveen. 17.0. and 260 Ch? Unfortunately, we were stretch excited state, based on the microcalorimetry. The peak positions
unsuccessful in fitting the experimental angular distributions of the individual channels are indicated by bars above the acetylene
using dissociation energies in this range, even when allowing side of the angular distribution. The numbers 0 through 6 correspond
for the production of the acetylene fragment in the@Cstretch to j of the HCI, and the even numbers under the bar correspond to the
excited state, the problem being that the resulting available "tational states of the acetylene fragment.

energy for rotation was approximately 1000 Timpresumably o

8 -

| C,H, fragment HC1 fragment

Scattered Intensity

mainly in the HCI fragment. At this level of rotational excitation, i 6 ]H3
the density of HCI rotational states is too sparse to account for g | ST

the experimental angular distributions. Therefore, we were ] 4T

forced to conclude that the dissociation energy obtained by 5 | 3mm

Rudich and Naama&# is too small. 1 2Mm

1M

We are now left with the task of determining the dissociation M
10

energy of the acetylereHCl complex directly from the
photofragment angular distributions. If we assume that all
possible vibrational and rotational channels are feasible and that-=  { ¢ H_ fragment
any combination of these states represents a feasible distribution 3124 * °
we would be unable to obtain a unique assignment of the angular%
distribution without the aid of the pumfprobe experiments, A 8-
due to the high density of fragment channels. As a result, we
must restrict the channels we include in the analysis. As noted 44
above, we have the acetylerldF results to guide us, suggesting
that the C-C stretching mode of the acetylene fragment is the or——T——T—7T T
receptacle of most of the available enef§yFortunately, we 20050
have support for this assignment from the angular distributions
obtained here in the form of the relative intensities. Indeed, if pumping thek, = 0 — 1 sub-band of the asymmetric-Gi stretch, In
we assume'that the acetylene fragment is produced in #@ C this case, only the odd acetylenstates are included, as discussed in
stretch excited state and the HCI takes away most of the the text.
remaining energy as rotation, the calculated angular distributions
have the correct relative intensities. It is important to note that |arger than some of the other Systems we have Studied’ due to
there are other nearby vibrational levels that are also consistenthe fact that not all of the acetylene rotational structure is
with the microcalorimetry; however, these are combination resolved in the angular distributions. The solid lines through
bands that are expected to be relatively weakly coupled to thethe data in Figures 3, 4, and 5 show the resulting fits,
excited state of the complex. Given all of this evidence, we corresponding to excitation of the pendular features inkhe
proceeded to analyze the data based on the acetylene fragment 1 — 0, K,= 0« 1, andK, = 2 < 1 sub-bands, respectively.
being produced exclusively in the<C stretch excited state.  Clearly, this assignment gets the microcalorimetry correct for
On the basis of the above vibrational assignment, we carried all threeK, angular distributions and reproduces all of the fine
out an extensive search for possible dissociation energies, withstructure in the angular distributions. These fits were obtained
the result being that only a single valugo(= 830+ 6 cn?) by adding the additional constraint that the acetylene fragment
gave good fits to all three angular distribution sets. We note populates only lowj states, consistent with the previous
here that the error bar for the dissociation energy is somewhatacetylene-HF study2® In the absence of this constraint, other

tensity (AU)
- 3
1 1

HCl fragment

— "
-5 0 5 ° 10 15 20
Laboratory Angle ( )

Figure 4. Photofragment angular distributions of orientegHg-HCI,



Vibrational Dynamics of AcetyleneHCI Complex

205

s
[=)
!

E

—
[\
1

{ C,H, fragment HCl fragment

Scattered Intensity (AU)
<

T T I T T
5 0 56
Laboratory Angle ( )

T
10

-10

15 20
Figure 5. Photofragment angular distributions of orientedHg&-HCI,
pumping the K= 2 — 1 sub-band of the asymmetric& stretch.
Once again, only the odd acetylepstates are included in the fit.

Fragment states
4000

] 9
35004  Complex
_
1 p— Complex
3000 - * pr— 0 P
_ ——
1 J
2500 Ha
~~~ 6 by w—
' g —_ 3 —~
S 2000 — C.’o 0 oy
> s ] ~
20 g = HCI 5
S 1500 o S S 5 D
=} = - p=d =
- 1 z 5 o 7
o Iz a as
1000 - —
_ = S Q %
Z an) ) Z
500

" Rudich and Naaman
170 < D, <260 cm’

Present study
D,=830cm’
Figure 6. Photofragment energy level diagram for the photodissociation

of C;H,—HCI. Each HCI rotational state is built upon the available
vibrational state of the £, and HCI fragment. The vertical arrow on

the left indicates the available energy (to the fragments) based upon

the Do determined from the previous study (170 T)¢® while the

arrow on the right indicates the available energy based on the

dissociation energy as obtained in this study (830%m

J. Phys. Chem. A, Vol. 103, No. 25, 1999795

tionally or highly rotationally excited HCI, which we have
already shown to be inconsistent with the data.

It is also important to point out that in the above analysis we
have included only even (odgjotational states for the acetylene
fragment when pumping the odd (evéfy)states of the complex.
Since K, rotation of the complex correlates with of the
acetylene fragment and the nuclear spins are conserved in the
dissociation process, even and dtigstates will dissociate into
a different set of acetylene rotational states. Since the asym-
metric C-H vibrationally excited state of the complex is
ungerade, dissociation into acetylene vibrational states of the
same symmetry as the vibrational ground st&tg) from even
(odd) K, states of the complex will result in the population of
odd (even) states of the acetylene fragments. The vibrational
state of importance in the present case is the€CGtretch, which
is indeed ofZ4" symmetry.

Discussion

The data discussed above show rather convincingly that the
primary dissociation channel for acetyleridCl, excited to the
asymmetric C-H stretch excited state, involves intramolecular
V—V energy transfer to the €C stretch excited state, as has
been observed previously for acetylertéF 38 The fits to the
present data yield a dissociation energy of 8806 cm?,
indicating that thev = 1 HCI channel is closed. This leaves us
to speculate concerning the source ofthe 1 HCI in the study
of Rudich and Naama#?.One possibility is that larger clusters
were present in the previous study and were excited by the
relatively lower resolution of the pump laser. These larger
clusters could certainly have very different photodissociation
dynamics, possibly leading to the productioncof 1 HCI. It
is important to note that in the study of Rudich and Naaman a
detailed assignment of the infrared spectrum of the complex
was not given. Alternatively, since this study was carried out
in a molecular jet, where some collisions may still be occurring,
it is possible that the HCl(= 1) was produced by collisional
V-V transfer from acetylene, rather than from photofragmen-
tation. Rudich and Naam&tobserved a Boltzmann distribution
for the HCI fragment, which is something we generally do not
see in the dissociation of complexes. Instead, we normally
observe strongly inverted rotational distributions with the HX
fragment produced preferentially in the highest opstate. This
may also be an indication that the distribution observed by
Rudich and Naaman comes from some other process.

As discussed above, the angular distributions are dependent
upon theK, state that is pumped. The vertical bars in Figures
3—5 represent the peak positions of the open channels used in
the best fit to the experimental data. Note that the acetylene

solutions with significantly different dissociation energies were rotational states are even/odd for dissociation from odd/even
found. Nevertheless, the resulting acetylene rotational distribu- K4 states. Individual dissociation probabilities are not given in
tions were erratic in these cases and did not give results thatthis study since many of the peaks in the angular distributions

were at all consistent with the acetyleridF syster or indeed
any of the results we have obtained for other syst&rfd.We
therefore feel that the present assignment is compelling.

result from the overlap of more than one channel. Particularly
at larger angles, adjacent channels become highly correlated in
such a way that the probability of an open channel can easily

The energy level diagram in Figure 6 shows a comparison be transferred to another nearby channel without seriously
between all of the photofragment channels discussed above. Ascompromising the quality of the fit. Therefore, only the relative
noted previously, the translational/rotational energy available probabilities for producing the various HlIstates are given
to the fragments is considerably larger for the-C stretch in Table 1. Note that the results in parentheseg{aCl) = 3,
channel compared with HCb(= 1). As a result, this channel 2, 1, and 0 are somewhat correlated so that really only their
also properly reproduces the larger angle portion of the angularsum is meaningful. It is clear that the major channels correspond
distributions. It should be emphasized that we can rule out the to the population of the €C stretch of the acetylene fragment
production of significant quantities of ground vibrational state in combination with the highest possibjéHCl) = 5 and 6,
acetylene from the microcalorimetry. Ground vibrational state indicative of the inverted rotational distributions of the HCI
acetylene could only be produced in coincidence with vibra- fragment. From the quoted probabilities, we can derive that
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TABLE 1: Probabilities and Energetics for the HCI anticipate that the dissociation dynamics is relatively unaffected
Rotational States in the Photodissociation of AcetyleneHCI?2 by the applied electric field. To test this, the probabilities
j(HCI) Ka=21 Ka=0+1 Ka=1+0 obtained from the fit of the orientedl, = 1 — 0 angular
6 0.18 011 0.19 distribution_ were used to cglculate t_he_angular di_stril:_)ution at
5 0.36 0.42 0.42 zero electric field, resulting in the solid line shown in Figure 1.
4 0.16 0.13 0.18 The agreement with experiment is clearly good, supporting our
3 (0.11) (0.07) (0.06) expectations.
i s = 0.30 (8-81)220_34 (8-82)220_21 (8-82) In view of the results from the present study, we must
(0.04) (0.05) (0.02) reconsider our previous explanation for the excess line broaden-
0 (0.08) (0.16) (0.08) . ke ;
o ing observed in this complex. Indeed, the spectroscopic results
average kinetic 174 200 174 indicate that the acetylerddCl complex dissociated in 0.15

energy release
average vibrational 1974 1974 1974
energy in GH;

0.83 ns, depending irregularly on the individyatate of the
complex, while acetyleneD3Cl dissociation is much slower,

fragment namely 5.0 ng? The intermolecular WV process (producing

average rotational 59 48 35 v = 1 HCI) suggested previousg nicely explained this
energy in GH difference, given that it is nearly resonant in the former case
fragment and rather nonresonant in the latter. Although appealing, this
aV‘Zrn"’ge r?;aﬂ%rl‘a' 246 223 e explanation is inconsistent with the present data, forcing us to
frggymem consider other possibilities. For example, consider the relative

ability of the HCI and DCI fragments to carry away rotational
_ aThe individual probabilities _for the lowg(HCI) states are p!aced __energy. Indeed, production of the acetylene fragment in th€ C
in parentheses, as they are highly correlated and only their UM is gy o1ch excited state requires production of the HCI fragment
meaningful. All quoted energies are in chn in states up t¢ = 6 to conserve energy (see Figure 6). On the
other hand, the smaller rotational constant associated with the
DCI fragment requires that it be produced in even higher
rotational states, namely up jo= 8. The population of these
states requires high order terms in the anisotropy of the potential,
making the dissociation more difficult. At the same time, the
DCI will have smaller zero-point bending amplitude within the
complex, due to its larger moment of inertia, making it even
more closely “T-shaped” than the HCI complex, favoring the
production of lowj states. The combination of these two effects
may be enough to account for the difference in the dissociation
rates of the two isotopomers. What is still quite puzzling,
" however, is why acetylereHCI dissociates much faster than
acetylene-HF (3.6 né?, when the latter requires even lower

(averaged over the threk, sub-bands since there are no
significant energetic differences) most of the available energy
stays with the acetylene fragment in the form of vibration (81%,
1974 cnt?) and rotation £2%, 48 cntl), while only 10% (244
cm™Y) is found in the rotational degree of freedom of the HCI
fragment, the remaining 7% (about 183 thbeing in recoil
kinetic energy.

As pointed out previously, there are other possible vibrational
modes of the acetylene fragment that are nearly resonant in
energy with the € C stretch, namely the:2 + vs andvg +
2us. Dissociation into these channels seems unlikely, however
since a direct process would require high order coupling, owing
to the large number of vibrational quantum numbers that would rotational excitation j(HF) = 2)% for the same channel.

neeq t9 changé. . Nevertheless, this comparison is perhaps not as compelling given
It is interesting to note that acetylene has a strong Fermi hat the potential energy surfaces for these two systems are quite
resonance between the (0909 state, normally pumped inthese  gifferent. Indeed, the stronger intermolecular bonding in the
expe'riments, and the (01t1t) state. In the previous spectro- acetylene-HF system, compared to acetylertiéCl, may result
scopic studies of both acetylenkCI*> and acetyleneHF,*? in an even weaker Fermi resonance for the former. Thus, if the
we have shown that this Fermi resonance is significantly Fermi resonance is the primary coupling responsible for the

quenched by the complex formation, to the point where only gissociation, the HF complex will have a longer lifetime than
one of the members of the diad has sufficient intensity to be he corresponding HCI system.

observed experimentally. Nevertheless, this does not mean that ¢ js now instructive to compare the dissociation energy

the coupling is completely absent, to the point it does not gptained here, = 830 cnt?) with the results of a selected
influence the dissociation dynamics. In a number of previous nymper of ab inito calculations. For example, Bacdkdyas
studies, we have shown that this Fermi resonance can e”hanc?eportedDe values for this complex at both the MP2 and MP3
the rate of dissociatiof?**Since the C-C stretch (01089 is levels, yielding 3.01 kcal/mol (1053 c) and 2.57 kcal/mol
one of the modes associated with the dark state in this Fermi(ggg cnr1), respectively. In this study, the zero-point energy
resonance and the two bending modes are of low enoughyas estimated using the harmonic frequencies, yiel@ipg
frequency that the associated coupling could be quite large, it 2 og kecal/mol (700 cmi). More recently, Aréjo et al3* reported
is reasonable to think about the dissociation proceeding mostan Mp2 value forDe of 3.2 kcal/mol (1103 cmb). Similar
rapidly through the relaxation of these bends, resulting in the cajculations by Pople et &.at the MP4 level yielded 8, of
population of the € C stretching state of the acetylene fragment. 1 g kcal/mol (665 cm?). Since the anharmonic corrections to
As in our previous studie¥;*® we need to consider the these zero-point energies will tend to increase th2gs, the
possibility that the electric field influences the predissociation agreement with the present experimental value is reasonable.
dynamics of the complex. First, we note that the interaction All of these results clearly support the higher value for the
energy between the permanent electric dipole of the complex dissociation energy obtained here, rather than the lower value

and the electric field is very small (of the order of 1 ¢ (170-260 cnT?) reported previously3
compared with the energies associated with the breaking of the

intermolecular bond. The acetylene fragment has zero dipole Summary
moment, and the rotational constant of the HCl is so large that In the present study, we have shown that the dissociation of
neither is significantly affected by the field. We can therefore acetylene proceeds via an intramolecular\Wprocess, produc-
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(11) Huang, Z. S.; Jucks, K. W.; Miller, R. B. Chem. Physl986 85,

ing acetylene in the €C stretch excited state. The dissociation sonk

energy obtained from this St“.dy (830 Cﬁ] is considerably (12) Block, P. A.; Miller, R. E.Chem. Phys. Lettl994 226, 317.
larger than that reported pre.w.o.uéiﬁlbut in reasonably good (13) Huang, Z. S.; Jucks, K. W.; Miller, R. B. Chem. Phys1986 85,
agreement with the best ab initio calculations. 3338. ' _

A significant database is now becoming available from state- (1‘;’) Matsumoto, Y.; Ohshima, Y.; Takami, M. Chem. Phys199Q
to-state photodls.somatmn s'[_ud[es Qf weakly bqur!d complexes, (15) Casassa, M. P.: Stephenson, J. C.; King, D. hem. Phys198§
which includes final state distributions, dissociation energies, g9, 1966.
and dissociation rates. Although we are able to rationalize most  (16) Beswick, J. A.; Jortner, Lhem. Phys. Lettl977, 49, 13.
of what we see and even make rough predictions for the #ates, ~ (17) Beswick, J. A; Jortner, J. Chem. Phys1978 68, 2277.

; ) . 2 - . (18) Ewing, G. E.J. Chem. Phys1979 71, 3143.
we still have relatively little predlctl_ve capability concerning (19) Ewing, G. EJ. Chem. Phys198Q 72, 2096.
the state-to-state results. There is clearly much need for (20) Miller, R. E.Sciencel988 240, 447.
theoretical methods that can handle systems of this complexity,__(21) Legon, A. C.; Aldrich, P. D.; Flygare, W. H. Chem. Phys198],
even though, W|th the numbe_r of open channels typ|_cal of the_se (22) Dayton, D. C.; Block, P. A.; Miller, R. EJ. Phys. Chem1991,
systems, they will necessarily need to be approximate. It is 95 2881.
interesting to note that considerable progress has been made (23) Rudich, Y.; Naaman, Rl. Chem. Phys1992 96, 8616.
with exact methods on somewhat simpler systems, including 33é24) Gough, T. E.; Miller, R. E.. Scoles, @ppl. Phys. Lett1977 30,
diatom-diatom complexes such as HF dirhétand Dy Hz— (25) Loesch, H. J.; Remscheid, &. Chem. Phys199Q 93, 4779.
HF.746 The highly nonstatistical dissociation that is observed  (26) Friedrich, B.; Herschbach, D. Rature (London)L991, 353 412.
in these complexes promises many new insights into the detailedlgg()2l7g)5':g"i‘1g°h’ B.; Pullman, D. P.; Herschbach, D.RPhys. Chem.
nature of \_/|brat|onal dynamics, some of which is evident from (28) Moore, D. T.; Oudejans, L.; Miller, R. El. Chem. Phys1999
the data itself. Nevertheless, to take full advantage of the 110 197.
information content in such experiments, we will need to make (21?3)5 Pople, J. A.; Frisch, M. J.; Del Bene, J.Ghem. Phys. Let1982
comparisons with the corresponding quantitative theories. (30) Hinchiiffe, A. Chem. Phys. Lett1982 85, 531.
. . (31) De Almeida, W. B.; Hinchliffe, AChem. Phys1989 137, 143.
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