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A rotationally resolved infrared spectrum of the pure OD overtone band of the-OB reactant complex

has been observed at 5165.68(1) énshifted —9.03(1) cm! from the infrared overtone transition of OD.

The spectrum exhibits homogeneous line broadening, which is estimated to have a zero power line width of
0.10(1) cmt, corresponding to a lifetime for CHOD (2vop) of 53(5) ps. The OD« = 1) product distribution

from vibrational predissociation of the complex favors high rotor levels, indicating that the correlated CH
fragment is produced with one quantum of bending excitation. Thg-CHD results are compared with
previous studies in this laboratory of the EHOH complex, and reveal significant changes in lifetime and
vibrational predissociation mechanism upon deuteration.

I. Introduction
5000 VP 2Vop Rxn
The work presented here on the £HOD reactant complex =F

is an extension of previous investigations in this laboratory of
the CH,—OH complex. These studies were based on infrared
and Raman spectroscopic methods in the OH stretch and the 2500 - IR ;_O f
CH4 symmetric and antisymmetric stretching regions as well

as electronic excitation in the OM2X+—X 2T (1,0) regiont—23 g

The earlier studies determined the structure, stability, and \: CH,+OH
vibrational decay dynamics of GHOH complexes that have S e G
been trapped in the entrance channel to the fundamental CH s

o-e
+ OH — CHz + H»O hydrogen abstraction reaction, as O-§
illustrated in Figure 1. The goal of the present study is to
examine the changes in the spectroscopic properties and decay
dynamics of the complex upon deuteration of the hydroxyl
moiety.
Infrared spectra of the CHOH complex have previously -5000 -
been obtained in the OH fundamental and overtone redions.
Structural parameters derived from the rotationally resolved Reaction Coordinate
spectra indicated that the centers of mass of the &tdl OH Figure 1. Schematic reaction pathway for GHt OH — CH; + H20.
partners are separated /= 3.66(1) A% In addition, the The propertigs of the transition state are obtained from_ ab initio
projection quantum number showed that the OH bond axis lies teory>* while those of the reactant complex are determined from
long the intermolecular axis in the ground state o, €AH. this and previous studiésin this work, the CH—OD isotopomer is
a g . g 4k haracterized spectroscopically using infrared radiation atrh,9vhich
Previous electronic spectroscopy measurements also indicategyromotes the complex from its zero-point level to a vibrational level
a ground-state binding energy B ~ 0.6 kcal/mol* These with two quanta of OD stretch {3p). The infrared excitation also
experimental observations were consistent with complementaryprovides enough energy to surmount the barrier to reaction (Rxn) or
ab initio calculations performed at the MP2-aug-cc-pVTZ level break the weak intermolecular bond via vibrational predissociation (VP).
that predict &Cs, minimum energy configuration for CHOH ) )
with the hydrogen of OH pointing toward one of four equivalent Calculations predict a shallower entrance channel vi2dl ¢
faces of the CH tetrahedron at an equilibrium separation 0-5 kcal/mol) and longer separation distané® € 3.84 A)

-2500 +

CH,+H,0

distance oR. = 3.47 A and a well depth db. ~ 1 kcal/mol? between the centers of mass of theidd OH reactants than
as depicted in Figure 1. This is also the structure adopted by OPServed experimentally. _ _
many CH—HX closed shell analogues, where=XF, Cl, Br, The infrared spectra in the OH stretching regions also

and CN5~10 Very recently, Hashimoto and Iwata reported a €xhibited homogeneous line broadening arising from the rapid
different minimum energy structure for the GHOH reactant ~ decay of vibrationally activated GHOH complexes due to.

complex, optimized at the UMP2 level, in which the oxygen of Vibrational predissociation and/or reaction. Homogeneous line
OH points toward methane in a more conventiongCHH— widths of 0.14(2) and 0.21(2) crhhave been observed for the

O—H hydrogen bonded structuté However, these ab initio ~ Pureé OH stretching bands in the fundamental and overtone

regions, corresponding to 38(5) and 25(3) ps lifetimes for

* Author to whom correspondence should be addressed. Fax: (215) 573- Vibrationally activated complexes with one and two quanta of

2112. E-mail: milester@sas.upenn.edu. OH stretching excitation, respectively. These lifetimes are
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surprisingly short and suggest that both inelastic and reactive The CH,—OD reactant complexes were produced using a
channels contribute to the rapid decay of £#DH (von) and procedure similar to that described previously for £10H
(2von) as found in a recent collision study of OH € 1, 2) + complexes:—3 The OD radicals were generated by the 193 nm
CH4.12 In this study, Yamasaki et al. reported that the rate photolysis of commercially available DN@G5 wt %, Aldrich)
coefficients for reaction and vibrational deactivation are of entrained in a 10% C balance He carrier gas (150 psi).
comparable magnitude for OH & 1, 2) + CH,,? with total Photolysis was achieved using an ArF excimer laser (Lambda
rates of removal at 298 K that are 90- or 300-fold greater than Physik EMG 101 MSC) at the early stages of a pulsed
found for OH @ = 0) + CHy (k°H = 6.3 x 10715 cm® molecule supersonic expansion. Note that in previous,€BH experi-
s71).12-15 The nascent distribution of the OH products from ments, the OH radicals were generated using 90 wt % FHNO
vibrational predissociation of CHOH (2vop) also showed that ~ (Aldrich). The lower concentration DN{has a significantly
the dominant inelastic decay channel involves the transfer of reduced vapor pressure (30 times smaller &t@p8 and results
one quantum of OH stretch to the pentad of Gkbrational in lower number densities of photolytically generated OD
states with energies near 3000 ¢m radicals and Ch-0OD complexes.

Additional studies have focused on the infrared spectroscopy A single-mode KTP-based optical parametric oscillator (OPO)
and subsequent decay dynamics o,EBH reactant complexes  (Continuum Mirage 3000) pumped by the output of an injection
in the CH, antisymmetric stretching regiond) at 3.3um.3 seeded Nd:YAG laser (Continuum 8000, 10 Hz repetition rate,
Infrared excitation of the CiHvs mode resulted in an intense, 7 ns pulse width) provided the tunable infrared radiation. The

yet enormously broad spectrum extending over 40%cnithe OPO laser system produces up+d5 mJ/pulse of 1.9m
appearance of the spectrum has been explained in terms of aadiation (0.02 cm! bandwidth), which is used to excite GH
model in which the Chlunit is freely rotating within the Clrt- OD in the OD overtone region. Additional information regarding
OH complex, as found for other GHtomplexes® In the v3 single-mode operation of this OPO has been published previ-

region, the CH—OH complex can undergo a multitude of ously231920An absolute calibration for the IR pump laser was
possible transitions, each associated with a rovibrational transi-obtained by recording an NfHphotoacoustic spectrum simul-
tion of free methane, which give rise to the enormous span of taneously with each CHOD infrared scan and comparing it
the CH,—OH spectrum. The spectrum also exhibited extensive with the well-documented transitions associated withithe-
homogeneous broadening 1 cnrl) arising from the rapid va band of NH;.21.22
decay of vibrationally activated GHOH complexes due to The UV probe beam at-335 nm was generated by the
vibrational predissociation and/or reaction. This broadening is frequency doubled output (KDP) of a Nd:YAG pumped dye
consistent with quantum reactive scattering calculations that |gser (Continuum 7020 and ND6000, 20 Hz repetition rate, 7
predict a large enhancement in the £H OH reaction rate in ns pulse width) operating with a LDS 698/DCM dye mix.
full collisions upon vibrational activation of the-€H stretching Typically, around +2 mJ/pulse of UV radiation was utilized.
mode'’ The OH fragments from CH-OH (v3) were produced  The UV laser was calibrated using the well-known frequencies
with minimal rotational excitation, indicating that vibrational of the OD monomer in thé&—X (0,1) regior?
predissociation proceeds via near-resonant vibrational energy The IR pump and UV probe beams were counterpropagated
transfer within the CHiunit from the initially prepared asym-  into the vacuum apparatus, where they were separately focused
metric stretch «s) to an overtone bend (2) state. and then spatially overlapped 1.5 cm downstream of the nozzle
~The present study explores the infrared spectrum and exit. The resultant LIF signal was detected with a photomulti-
vibrational decay dynamics of the partially deuterateds€H  plier tube (EMI 9813Q) positioned perpendicular to both the
OD reactant complex. Deuteration of OH is expected to change |aser and supersonic expansion axes. A number of filters were
the dominant inelastic scattering channel resulting from vibra- ysed to block scattered light arising from the ArF and UV lasers,
tional excitation of the Ckt-OH complex in the OH/D  hile still passing ODA—X (0,0) fluorescence at 307 nm. The
stretching region. The significantly lower vibrational frequency | |F signal was preamplified, integrated, and transferred to a
of OD will cause the near-resonant vibrational energy pathway |ahoratory computer for analysis. The IR and UV lasers were
from OH to the pentad of Ckstates near 3000 cthto become  synchronized such that the IR laser pulse (10 Hz) was present
energetically closed for CHOD (2vop). This should dramati-  for every other UV pulse (20 Hz), with the UV laser typically
cally slow the rate of vibrational predissociation in the deuterated gyriving in the interaction region 50 ns after the IR pulse. An
complex based on energy gap arguments. It is also likely to active background subtraction procedure was implemented, in
impact on the branching between inelastic and reactive scatteringyhich any background LIF signal arising from the UV laser
channels, assuming that the rate of reaction is only slightly gjone was subtracted from the combined-RUV signal on
changed upon deuteration of OD, as found in full collision ajternating laser pulses. Typically, the LIF signals arising from

studies of the OH/D CH;, reaction. Indeed, previous kinetic 150 |aser shots (75 IR- UV, 75 UV only) were collected and
studies have shown that the rate of reaction for ground-state gyeraged for each data point.

OD radicals with CH s relatively slow at 298 KK°P = 6.8 x
105 cm® molecule* s7*) and is nearly unchanged from that ||| Results
for OH radicals'?
) A. Infrared Spectroscopy.Infrared action spectroscopy was

Il. Experimental Method utilized to record the infrared spectrum of GHOD in the OD

An IR pump-UV probe technique has been implemented to overtone region4v = 2). This technique relies on vibrational
obtain the infrared overtone spectrum of £HDD as well as predissociation of Cit0D (2vop) and the subsequent forma-
the OD product state distribution resulting from vibrational tion of OD X °IT (v = 1) fragments that are detected by LIF.
predissociation of the complex. The IR pump laser prepares The IR action spectrum displayed in the bottom panel of Figure

CH,—0OD with two quanta of OD vibrational excitation®gp). 2 was obtained with the UV probe laser fixed on the @bX
The UV probe laser then detects the OD=t 1) fragments (0,1) Q(17/2) transitior?® The optimum UV probe transition
from vibrational predissociation on tha& 2Z=t—X 2T (0,1) was chosen empirically based on the magnitude of the IR

transition, resulting in a laser-induced fluorescence (LIF) signal. induced signal. The IR spectrum of GHOD is located at
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Figure 2. Rotationally resolved infrared spectrum of the pure OD
overtone band of ClH+-OD (bottom) and the analogous spectrum of
CH,—OH obtained in the OH overtone region (tdpBelow each
experimental spectrum is a simulation generated by the fitting procedure
described in the text. The GHOH spectrum exhibits more extensive
homogeneous linebroadening (0.24(2) éthan seen in the CH-

OD spectrum (0.13(2) cm) at comparable IR pump energies o6

Tsiouris et al.

TABLE 1: Spectroscopic Parameters (cmt) Derived from
the Pure OH/D Overtone Bands of CH—OH and CH,;,—0OD
(The distancesR (A) between the centers of mass of OH/D
and CH, are also listed. Values in parentheses aresl
uncertainties.)

parameter Chi-OH? CH,—OD
origin, vo 6961.97(1) 5165.68(1)
shift from OH/D Q(3/2} —9.37(1) —9.03(1)
B" 0.151(1) 0.144(1)
B' 0.147(1) 0.142(1)
R 3.66(1y 3.69(1)
homogeneous line width, fwh  0.21(2) 0.10(1)
Do 210(20) <293

a Spectroscopic data for GHOH is reproduced from ref 2.Value
averaged over twd doublet components (refs 23, 26)See ref 4.
dBased on extrapolation of the observed homogeneous line width to
the limit of zero power.

contribution from CH, which undergoes nearly free internal
rotation within the comple%3

A least-squares fitting procedure has been performed in which
the ground and excited-state rotational constaBtsand B',
respectively, and band origin;, were varied in order to
minimize the sums of the squares of the residuals between the
observed and calculated line positions. This fitting procedure
yields a rotational constant @' = 0.144(1) cm! for the
ground state of Ci+-OD, corresponding to a separation between
the centers of mass of GHand OD of R’ = 3.69(1) A. A
rotational constant oB' = 0.142(1) cnt?, which corresponds
to R = 3.72(1) A, was determined for CHOD (2vop)
indicating no significant change in either the rotational constant

mJ/pulse. The IR pump energy was systematically decreased to obtainor the separation between the centers of mass of theaDH

the lifetime broadening contribution to the line width.

5165.68(1) cm?® (band origin), shifted 9.03(1) cm to lower
energy of the OD Q(3/2) transiticii.This spectrum is attributed
to the pure OD overtone band of GHOD based on its
proximity to the OD overtone transition and its similarity to
the pure OH overtone band of GHOH.2 The previously
reported infrared spectrum of GHOH in the OH overtone
region is also shown in Figure 2 (top) for comparison.

The spectral shift of the pure OD overtone transition o,EH
OD, —9.03(1) cnt?, is nearly equivalent to that of the pure
OH overtone transition of Cf+OH, which was observed
9.37(1) cnt! to lower energy of the OH Q(3/2) transition. This
indicates similar decreases in the OH/D vibrational frequencies
upon complexation with CiH(0.13% for OH and 0.17% for

OD partners upon OD overtone excitation. In addition, spectral
simulations of the band contour based on a parafeH 3/2)—
(P" = 3/2) transition for a pseudo-diatomic molecule were
carried out to determine the Lorentzian line width of the bznd.
The best fit is shown in Figure 2 directly below the experimental
spectrum. The spectroscopic parameters determined fgr-CH
OD along with those derived from an equivalent analysis of
the pure overtone band of GHOH are presented in Table 1.
The separation between the centers of mass afd@id OH/D
in the ground state complex is found to be nearly unchanged
upon deuteration, changing frofRi= 3.66(1) to 3.69(1) A. On
the basis of the minimum energy structure predicted from ab
initio calculationg with the H/D atom of the hydroxyl radical
pointing toward CH, we anticipated observing a 0.054 A
decrease in distance between the centers of mass upon deutera-
tion. This follows from the 0.054 A decrease in the distance

OD). The spectral shifts are also a measure of the decrease imetween the H/D atom and the center of mass of hydroxyl

binding energies for Ci+OH and CH—OD upon OH/D
vibrational overtone excitation.

The rotational structure of the pure overtone band of,€H
OD is characterized by an unresolved Q-branch and partially

radical for OD as compared to O¥26 Since this decrease is

not observed, it suggests that OH/D is undergoing wide
amplitude motion, consistent with its small binding energy to
CH,, and is not locked into position along the intermolecular

resolved P- and R-branches, which has the same appearance axis. Alternatively, if the O atom of the hydroxyl radical points

the pure overtone spectrum of GHOH. The ~5B gaps on
either side of the central Q-branch as well as 2B regular

toward CH, as suggested by the ab initio calculations of
Hashimoto and Iwat&l then the separation between the centers

spacing between adjacent P-branch and R-branch lines areof mass of CH and OH/D should increase slightly upon

indicative of a parallelR" = 3/2)—(P" = 3/2) transition. Here,

P refers to the projection of the total angular momentlLatong

the intermolecular axis. The nonzero valuePddrises from the
unquenched angular momentum of OD, which has a projection
o = 3/2 on the OD bond axis and will give rise to a projection
P = 3/2 when the OD bond axis is oriented on average along
the intermolecular axis. As discussed previously in detail for
CH,—OH, the magnitude oP is determined solely from the
internal angular momentum of the OH/D partner with no

deuteration as observed. However, these calculations also predict
a larger separation distance than observed experimentally for
either isotopomer. In both of the calculated structures, the OH
radical will have a well-defined projection ¢f = 3/2 along
the intermolecular axis, as observed experimentally.

B. Spectral Line Widths. Both the CH—OH and CH—
OD pure overtone spectra (Figure 2) exhibit line widths that
are much greater than the 0.02 dhibandwidth of the infrared
laser source. As can be seen in Figure 2,€8H shows even
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more extensive line broadening than £HOD, with homoge-
neous line widths of 0.24(2) and 0.13(2) chrespectively, at

an IR pump energy of5 mJ/pulse. To determine if this spectral
broadening arises from saturation broadening due to the high
infrared pump power or lifetime broadening, the pure overtone
spectrum of the Ci0OD complex was recorded several times
while systematically decreasing the IR pump energy. As the
IR pulse energy was lowered, the line width observed fog-€H
OD decreased from 0.15(2) cthat ~15 mJ to 0.10(1) cmt
at~2.5 mJ. At energies lower than 2.5 mJ, the line width could
not be determined due to the significantly reduced signal-to-
noise ratio of the spectral data. Therefore, to estimate the lifetime
broadening contribution to the line width, the data was linearly
extrapolated to zero power. This extrapolation yields an upper
limit of 0.10(1) cnr® for the lifetime broadening component of
the spectral line width, which corresponds to a lower limit for
the lifetime of approximately 53(5) ps for GHOD (2vop). A
similar extrapolation carried out previously for GHOH (2vop)
yielded an upper limit of 0.21(2) cm for the lifetime
broadening component of the spectral line width, corresponding
to a lower limit for the lifetime of 25(3) p3.Thus, the work

presented here indicates an approximate 2-fold increase in the

lifetime of vibrationally activated CiHOH upon deuteration.
This lifetime is inversely related to the sum of the unimolecular
decay rates for vibrational predissociation and chemical reaction.

The lifetimes determined for both GHOH and CH—OD
upon OH/D overtone excitation are surprisingly short in
comparison to other diatofrpolyatom complexes such as
C,H,—HCI?” and CQ—HF 2 which have vibrationally excited
lifetimes in excess of 100 ps. Furthermore, the lifetimes for
CH,—OH/D are significantly shorter than seen for other OH
complexes including OH/BN, and OH/D-CO2°-?where the
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Figure 3. The OD @ = 1) product state distribution resulting from
vibrational predissociation of CGHOD (2vop) (bottom). The OD
fragment distribution peaks gio = 17/2 in the lower ¢ = 3/2) spin-

orbit manifold (filled circles) andop = 15/2 in the upperd = 1/2)
spin—orbit manifold (open circles) with no population observed in OD
internal energy states wifap > 17/2,0 = 1/2. By contrast, vibrational
predissociation of Cit+OH (2voy) results in a distinctly different OH
fragment distribution (top). The OH /(= 1) population peaks in the
lowest observefbp = 5/2,w = 3/2 andjop = 1/2,w = 1/2 levels and
decreases steadily with increasing OH fragment internal (rotational and

lifetimes are on a nanosecond time scale and increase by a factogpin—orbit) energy.
of 5 or more upon deuteration. These two issues, rapid decay

rates for CH—OH (2von) and CH—OD (2vop) as well as the
2-fold change in decay rate upon deuteration, will be discussed
after we consider the quantum state distribution of the products.

C. OD Product State Distribution. The inelastic recoll
dynamics of the OD+ CH,4 fragments were also examined by
measuring the OD product state distribution following vibra-
tional predissociation of CHOD (2vop). For these measure-
ments, the IR laser was fixed on the Q-branch of the pure
overtone band of ClH-OD at 5965.7 cm! and the UV probe
laser was scanned over various @B X (0,1) transitions (@

Q2 Ry, and R branches§? These particular transitions were
chosen in order to examine the relative population of the OD
(v = 1) fragments as a function of rotation@bi), spin—orbit

(w), and lambdaAX)-doublet state. The intensities observed for
each of the OD probe transitions were scaled relative to the
OD (17/2) line, which was scanned immediately before and
after every other line. The measurements of OD transition
intensities were performed in the fully saturated LIF regime
and appropriately converted into relative populations of @D (
= 1) rotational level$®32 Populations derived from Q- or
R-branch lines originating from the sanjgp were nearly
identical (within the experimental uncertainty) indicating no
A-doublet propensity. In addition, no spiorbit propensity was
observed since the populations derived from the satellite
branches (@ R;) were the same as those extracted from the
main branches (Q R;) for eachjop state.

The bottom panel of Figure 3 shows the relative population
of OD (v = 1) fragments as a function of the Ob= 1) internal
energy (rotational and spitorbit) for both thew = 3/2 (filled
circles) andw = 1/2 (open circles) spinorbit manifolds after

summing ovel-doublet components. The ticks identify thg
states probed in each spiorbit manifold. The OD ¢ = 1)
population is observed to grow with increasing internal excita-
tion of OD, reaching a maximum @&p = 17/2,w = 3/2, and
joo = 15/2,w = 1/2. For these most populated product states,
the OD @ = 1) fragments are released with approximately 700
or 765 cn1? of internal energy. At higher ODv(= 1) fragment
internal energies, the distribution falls off sharply and no
population is observed fgpp > 17/2, w = 1/2. The lowest
rotational level of the lower spinorbit manifold,jop = 3/2, w

= 3/2, could not be probed due to its large background
population in the supersonic expansion. Additionally, the lowest
rotational levels of the upper spitorbit componentjop < 9/2,

w = 1/2, could not be investigated, owing to interference from
overlapping OD lines.

A remarkably different product state distribution was observed
previously for CH—OH (2von) as shown in the top panel of
Figure 3. In this case, the OH & 1) fragments are produced
with minimal rotational excitation. The OHv(= 1) product
state distribution peaks at the lowest observed lg¢gls= 5/2,

o = 3/2, andjop = 1/2, » = 1/2 and steadily decreases with
increasing OH fragment internal energy. As discussed in ref 2,
the minimal internal excitation of the OH (= 1) fragments
reveals that most of the available energy is used to populate
excited CH vibrational states, namely the pentad of vibrational
states near 3000 crh The dramatic change in the OH/D
product state distribution indicates a significant change in the
vibrational predissociation dynamics upon deuteration.

The OD @ = 1) fragment distribution also provides limited
information about the vibrational state distribution of the
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correlated CH fragment as well as the ground-state binding
energy of the complexQ@p). An energy balance equation can
be used to show the relationship between the IR excitation and
binding energies of the CHOD complex (LHS), and the
energy released to OD and ¢fiagments as vibrational, internal
(rotation or spir-orbit), and translational energy (RHS):

CH,—OD (2vop) — Dy =
oD (U = 17jOD' w) + CH4 (Vi! jCH4) + Etrans

In applying this relationship, we will make the assumptions that
energy accommodation in GHotation is small jcn, ~ 0) and
EtransiS minimized33-34Thus, for each ODy(= 1) product state
observed, we can deduce some constraintsDgnand the
vibrational states of the Cfpartner that can be populated.

When OD ¢ = 1) fragments are produced in their highest
observed internal energy statgp 17/2, o = 1/2, ap-
proximately 1600 cm! of energy is available for breaking the
CH,—OD intermolecular bond[¥p) and vibrational excitation
of the CH, partner. This is not sufficient energy to produce/H
fragments in the pentad of vibrational states near 3000'cm
as was observed following vibrational predissociation of,€H
OH (2von).2 Nor is it sufficient energy to produce Ghvith v,
bend (1526 cmt), since this would imply an unrealistically
small binding energy for CiH-OD (Do = 74 cnTl). However,
there is enough energy to produce LCfagments withv,
bending excitation (1306 cmd) and still obtain a realistic
estimate for the CiH-0OD binding energy oDy = 294 cntl.
This limit is consistent with the binding energy for GHOH,
previously determined to be 218 20 cnt?! from electronic
spectroscopy experimentsyhich is expected to increase upon
deuteration of the hydroxyl partner. It is also in accord with
the decrease in zero-point energy~e80 cn ! estimated for
the intermolecular modes of GHOH (see Table 3 of ref 2),
in particular, the OH bend, upon deuteration.

At the peak of the OD« = 1) product state distributiofep
= 17/2,w = 3/2, and for all lower internal energy states, there
is enough energy available to produce Jtdgments with either
v, or v4 bending excitation. The next most populated fragment
state,jop = 15/2,w = 1/2, would not leave sufficient energy
to populate the Ci v, bending state unless the ¢GHOD
binding energy was reduced to a somewhat lower but still
reasonable value dd, < 243 cntl. (Nevertheless, we report
only an upper limit for the binding energy of GHOD of Do
< 294 cntl) The sudden drop in the Oy (= 1) product

distribution beyond these most populated states suggests the

closing of a near-resonant product channel, namely, vibrational
energy transfer from OD to the Ghi, bending state. The overall
cutoff of the OD ¢ = 1) product rotational distribution suggests
that the v, and v4 bending states are the most favorable
vibrational states of the Cfproducts.

IV. Discussion

The quantum state distributions observed for the OH and OD
fragments reveal a dramatic change in the vibrational predis-
sociation dynamics upon deuteration. An energy level diagram
depicting the vibrational predissociation mechanisms foj-€H
OH/D is shown in Figure 4. Vibrational activation of the OH
overtone in CH—OH yields CH, (2v2) and OH ¢ = 1) products
with very little excess energy available for rotational and/or
translational excitation of the fragments. The latter quantity,
often termed the energy gdp3*is only 120 cnt? for CHy—

OH (2von), since vibrational predissociation takes place through
a near-resonant vibrational energy transfer process from OH to

Tsiouris et al.
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Figure 4. Energy level diagram illustrating the product vibrational
levels that are energetically accessible following vibrational predisso-
ciation of CH—OH (2von) and CH—OD (2vop). Vibrational predis-
saociation of CH—OH (2von) proceeds via a near-resonant vibrational
energy transfer process to produce QH=1) + CH, (2v,), and leaves
very little excess energy for rotational and/or translational excitation
of the fragments. This channel is closed for £#DD (2vop) due to

the significantly lower vibrational frequency of OD and increased
binding energy Dg) of CH,—OD. In this case, vibrational energy is
transferred from OD to the, or v4 bending vibrations of Ck with
much more energy available for rotational and/or translational excitation
of the fragments.

CH,. The significantly lower OD vibrational frequency and
slightly increased binding energy in GHOD closes this near-
resonant process. Instead, vibrational predissociation o@fCH
OD (2vop) produces OD« = 1) + CHjy (v2 or v4) fragments,
leaving much more energy available for rotational and/or
translational excitation of the fragments, specifically an energy
gap of at least 715 cm. The OD product state distribution
shows that much of this excess energy can be accommodated
as OD rotational excitation. The larger energy gap for,€H
OD (2vop) immediately suggests that the rate of vibrational
predissociation, which is only one component of the total decay
rate, will be slower for the deuterated complex.

A 5-fold decrease in the decay rate was observed previously
upon deuteration of OHN,,2° a system composed of unreactive
partners that can decay only by vibrational predissociation.
Predissociation of OBN (2vop) leaves more than 2000 crh

for rotational and/or translational excitation of the OD= 1)

+ Nz (v = 0) fragmentg? whereas for OH-N; (2vop) only
~800 cnt! of excess energy remains after vibrational energy
transfer from OH to M3 In this system, the decrease in decay
rate upon deuteration can be attributed solely to the change in
energy gap.

If vibrational predissociation were the only decay channel
for CH,—OH (2von), then the 2-fold increase in lifetime
observed upon deuteration would necessarily result from the
increase in the energy gap associated with the inelastic decay
channel. Since reaction may also contribute to the decay of
CH;—OH (2von) and CH—OD (2vop), the observed increase
in lifetime upon deuteration must correspond to the change in
the total decay rat&r or (kyp + krxn) as follows



CH,—OD Reactant Complex

OH OH | ,OH
ﬁj_kT _(kVP+kRXN N

OH 0D 0D, ,OD
T kr (kvp + Krxn

Because the measured lifetime reflects the total decay rate,

we can only speculate as to how the individual rate coefficients
OF and k34, change upon deuteration of OH. We start by
assuminghat the rate coefficient for reaction within the ¢H

OH (2von) complex is comparable to that for vibrational
predissociationk{y ~ k3w, as found for reaction and vibra-
tional deactivation in full collision studies of OH (= 2) +
CH4.22 The rapid decay of CiH-OH (2von) may be a result of
such a substantial contribution-$0%) from reaction. If we
also assumethat the rate coefficient for reaction within the
complex remains essentially unchanged upon deuteration,
oo A kb, as shown in kinetic studies of ground-state OH/D
+ CH; at room temperatuté but not yet measured for
vibrationally excited OD, then the above equation will reduce
to { (KA H{(KP + KW} ~ 2. This suggests that rate
coefficient for vibrational predissociation of GHOD (2vop),

op, is much smaller than the rate coefficient for reaction and
indicates a significant increase in the branching fraction for
reaction. Thus, the total decay rate for SHOD (2vop) will

have an even larger contribution from reaction than that for
CH,—OH (2von). It also implies that the rate coefficient for
vibrational predissociation of CHOD (2vop), kSF[,’, is much
smaller than that for CiH+OH (2vor), kop, in accord with

energy gap arguments. The change in vibrational predissociation;;

rate is likely to be greater than the observed (2-fold) change in

J. Phys. Chem. A, Vol. 106, No. 34, 2002727

level ab initio calculations on the structure and stability of

various conformers of the reactant complexes betweena@H

OH/D (manuscript in preparation).
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