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Abstract: The connection between the K-quantum number and product correlations in the barrierless
unimolecular dissociation of symmetric-top molecules is explored to establish a qualitative diagnostic for
the treatment of the K-rotor dynamics in unimolecular reaction theory. We find that fragment scalar and
vector correlations can provide guidance in this matter, and the photodissociation dynamics of thermal
NCNO to form CN and NO at several dissociation wavelengths are presented to demonstrate the utility of
this approach. The “goodness” of the K-quantum number can be related to the amount of energy in the
conserved vibrational modes at the inner transition state. On the basis of measured correlated vibrational
distributions, the K-quantum number is found to be approximately conserved at the inner transition state
for the photodissociation of NCNO at 514, 520, and 526 nm. The methodology, involving a comparison of
product distributions from the photodissociation of jet and thermal ensembles at identical wavelengths, is
general and may be applied to previously studied systems that dissociate along barrierless potential energy
surfaces, CF3NO and CH2CO. In addition, vector correlations serve as a means to probe the K-mixing at
the outer transition state, and measured v-j correlations in the photodissociation of thermal NCNO are
presented.

Introduction

Unimolecular reactions occurring along barrierless potential
energy surfaces represent an important class of reactions that
are of fundamental importance in atmospheric, interstellar, and
combustion chemistry. The ability to accurately model these
reactions is necessary for studying systems that are intractable
to examine experimentally because of extreme conditions or
complexity. A number of statistical theories have been developed
to provide both rate constants and product distributions for this
type of reaction.1-3 These theories are derived from the tenet
that only information regarding the reactant and the transition
state is required to calculate rate constants and product quantum
state distributions. Although the derivation of these theories is
based on dynamical considerations, their implementation only
requires the specification of a small number of constants of the
motion.

The workhorse for predicting microcanonical rate constants,
Rice-Ramsperger-Kassel-Marcus (RRKM) theory, typically
specifies only the reaction energy,E, and the reactant rotational
angular momentum quantum number,J:

wherek(E,J) is the microcanonical rate constant,E0 represents
the threshold energy,Nq(E-E0,J) is the sum of states of the
transition state,F(E,J) is the density of states of the reactant
molecule, andh is Planck’s constant. As computational tech-

niques have become more powerful, greater detail of the reactant
and transition-state structures and energetics required for eq 1
has become available, allowing accurate rate constants and
product state distributions to be calculated. However, the
accuracy of the calculated molecular properties has increased
the need to correctly incorporate other quantities to refine the
calculated rate constants further. The angular momentum of the
K-rotor, described by the projection of the total angular
momentum vector,J, on the symmetry axis of symmetric top,
is such a quantity. Hase has recently noted that the proper
treatment of theK-rotor in both the reactant and the transition
state remains an important unsolved issue in unimolecular rate
theory.1,2,4-6

The treatment of theK-quantum number is particularly
important in the study of thermal association rate constants
where the reaction rates are a strong function of the pressure.5,6

In the high-pressure limit, the expression for the thermal rate
constant is independent of the nature of theK-rotor if the
reaction occurs over a barrier. However, on a barrierless
potential, where the location of the transition state in an RRKM
calculation is given by the point at which the sum of states of
the transition state is a minimum, the high-pressure limiting rate
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constant is dependent on whether theK-rotor is active or
adiabatic.6 In the low-pressure limit, the rate is found to be
strongly dependent on the treatment of theK-quantum number
irrespective of the type of potential energy surface. In general,
rate constants will be overestimated if aK-adiabatic system is
treated with an activeK-rotor. Additionally, the physical
interpretation of the collisional efficiency derived from fitting
low-pressure falloff data is strongly dependent on the treatment
of theK-quantum number.4 The study ofK-mixing is therefore
critical both to allow accurate modeling of unknown reaction
rates and to understand the physics of thermal association
reactions.

The “goodness” of theK-quantum number has been explored
in numerous studies on the spectroscopy of highly excited
molecules.7 One finds that the mixing of theK-levels is
substantial for excitation to states near the dissociation limits
for a number of small molecules.8,9 Above the threshold there
is a competition between the time scales ofK-mixing and
unimolecular reaction. Few studies, however, have been able
to address the nature of theK-rotor above dissociation
thresholds.10-13 Several of these have involved optical-optical
double-resonance experiments in molecular beams which are
limited to low J and K and are fundamentally different from
thermal systems where higher-order Coriolis coupling terms can
be important. Although most rate calculations have assumed
that K is not a good quantum number (K-active model), it is
difficult to distinguish between treatments ofK based on kinetics
data due to the uncertainty in several of the other inherent
assumptions.4

It is well-known that scalar and vector correlations can
provide significant insight into the dynamics of direct photo-
dissociation reactions that occur on excited-state potential energy
surfaces, which are often characterized by a localized release
of potential energy into product translational motion.14,15More
recently, the study of scalar and vector correlations has also
been shown to be a powerful means to examine dissociation
reactions along barrierless potentials.16-22 We find that the study
of product scalar and vector properties from thermal systems
near vibrational thresholds provides a means to examine the
nature of theK-rotor angular momentum. Marcus has qualita-
tively described a physical mechanism by which energy is
partitioned among the vibrational and rotational energy levels
in a barrierless reaction.23 The conserved-mode vibrational

distribution is determined early in the reaction at the so-called
“inner” transition state and maps directly to the products. In a
thermal sample prior to optical excitation, the parent symmetric-
top molecules have a broad distribution of parent rotational
quantum states,J, but have restricted values ofK. Coriolis
coupling of the rotational motion to the vibrations of the
molecule will result in a significant broadening of theK-
distribution. The coupling of vibrational motion into rotation
results in a significant change in the vibrational energy of the
conserved modes at the inner transition state, which yields a
different product vibrational distribution from that of aK-
adiabatic system. The transitional modes remain coupled until
the system reaches the “outer”, orbiting, transition state.24

Constraints may be manifested in the rotational distributions,
but vector correlations, specifically those between the relative
velocity,v, and the product rotational angular momentum vector,
j , have been shown to be a sensitive probe of theK-rotor activity
at the outer transition state.13,19 The activity of theK-rotor
strongly affects the sum of states at this transition state, which
is important for calculating rates for reactions just above
vibrational thresholds.25,26,29,30

We have recently examined the fragment correlations in the
photodissociation of room temperature nitrosyl cyanide (NCNO)
using transient frequency modulation Doppler spectroscopy at
520 nm.27 The present study represents an extension of that work
to include other wavelengths that span a range of dissociation
lifetimes. On the basis of these additional results, we believe
that this method for probing theK-rotor dynamics at the inner
transition state may be applied to other systems that undergo
barrierless unimolecular dissociation. To this end, we have
examined previous work by other groups on two prototypical
systems for barrierless unimolecular reactions, CF3NO and CH2-
CO. We find that both systems show evidence for approximate
K-mixing, which is qualitatively consistent with the rates of
dissociation relative to the rotational periods of the parent
molecules as well as their relative densities of reactant states.

Experiment

The transient frequency modulation (FM) Doppler spectroscopy
technique used in the NCNO studies has been described in detail
previously.27,28,56,57Briefly, the output of a near-infrared diode laser
operating on the A-X electronic transitions of CN near 800 nm was
frequency modulated using an electrooptic phase modulator. The
frequency-modulated beam primarily consists of the fundamental and
two sideband frequencies, equally spaced above and below the
fundamental, that are 180° out of phase. Preferential absorption of one
of the sidebands causes amplitude modulation at the sideband spacing
frequency, 192 MHz in the present experiment. This spacing is
significantly less than the width of the absorption features of interest,
and scanning the output of the laser over a single rotational state
provides a spectrum that is a near derivative of the absorption feature.
The photolysis beam was generated from a Nd:YAG-pumped dye laser
operating with Coumarin 500 dye. The sample is introduced via a needle
valve into a long-path-length absorption cell at pressures of 10-30
mTorr, and the photolysis and probe beams propagate collinearly along
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its length. To ensure that Doppler spectra are acquired prior to
translational or rotational relaxation of the CN radicals, the signal is
sampled from the first 100 ns after the photolysis pulse. A fast
photodiode is used to measure the high-frequency intensity variation,
and standard phase-sensitive detection electronics are used to convert
the magnitude of the beat signal to a dc voltage for analysis and archival.

Analysis and Discussion

In NCNO, the incident photon excites the system to the first
singlet excited state,S1. A large barrier to dissociation (>5000
cm-1) exists on theS1 surface, and for wavelengths>450 nm
the system internally converts back to the ground state, where
dissociation occurs.31 A qualitatively similar dissociation mech-
anism is also present in CF3NO and CH2CO as discussed below.

Scalar Correlations and theK-Quantum Number. There
are several prescriptions for calculating product state distribu-
tions in barrierless reactions.1,2 The simplest theory, phase space
theory (PST), assumes that both the conserved and transitional
modes are strongly coupled throughout the dissociation, which
is equivalent to locating a variational RRKM transition state at
infinity.32,33 The resulting product state distributions are thus
simply determined by the degeneracies of the individual product
quantum states. While PST has been successful at modeling
rotational product state distributions at low energies in numerous
systems, it typically overestimates rate constants and has been
found to underestimate product vibrational excitation. A model
that overcomes these shortcomings of PST assumes that the
vibrational modes are strongly coupled only up to the inner
transition state, at which point the conserved modes become
adiabatic. The transitional modes, which evolve into fragment
rotations, remain strongly coupled until a second outer transition
state.34 This separation of coupling regimes is the principle
behind both the vibrationally adiabatic variational RRKM
treatment of Marcus23 and the separate statistical ensembles
(SSE) method proposed by Wittig and co-workers.35

An accurate variational RRKM treatment of dissociation to
vibrationally excited products requires a transition state to be
located for each conserved-mode vibrational channel. Evaluation
of the transition-state location at each ascending vibrational
channel is performed at decreasing available energies to account
for the energy in the individual product vibrations. The transition
states become looser for each successively higher vibrational
channel. This treatment provides a greater flux at each of the
increasing vibrational levels relative to that of the ground state
than would be expected from a PST calculation, where the
transition states are all located at infinity. This greater relative
flux for the vibrationally excited channels will therefore provide
more vibrationally excited products than would be predicted
using PST. The SSE model is an alternative to the RRKM
treatment for calculating product state distributions without
consideration of the rate constants. The SSE model utilizes the
density of states of the “unhindered” vibrational degrees of
freedom of the parent molecule to calculate the product
vibrational distribution. The SSE model is equivalent to a pure
PST model in which a third degree of freedom, in addition to

those removed to account for the reaction coordinate and angular
momentum conservation, is removed.2 A theoretical connection
between the variational RRKM treatment and the SSE method
is currently undeveloped.36 We have chosen to use SSE in the
present calculations because of its relative simplicity of
implementation and previously demonstrated ability to describe
the global product vibrational distributions derived from NCNO
photodissociation.17,18,31

The principle of using scalar distributions to interrogate the
nature of theK-rotor at the inner transition state relies on this
model of the different coupling regimes associated with the
conserved and transitional modes. Strong coupling of theK-rotor
energy to the vibrational energy reservoir prior to the inner
transition state would result in a uniformK-distribution when
the vibrations become adiabatic, although the extent to which
the K-rotor fully samples phase space remains an open ques-
tion.37 The effect of K-mixing on the product vibrational
distributions is dependent on the geometry of the reactant
molecule.38 For a thermal sample of a prolate symmetric top,
the K-distribution is peaked at zero, and randomization would
be expected to remove energy from the vibrational energy
reservoir, yielding cold vibrational distributions. A schematic
diagram of the vibrational and rotational energies for the reactant
and transition states of a prolate top is shown in Figure 1. For
an oblate symmetric top, theK-distribution is peaked at the
parent rotational quantum number,(J, and a uniformK-
distribution would add energy to the vibrational energy reservoir
prior to the inner transition state. In the present system, NCNO
is a near-prolate symmetric top, so aK-active system would
produce colder fragment vibrational distributions than if the
system wereK-adiabatic.(31) Noble, M.; Nadler, I.; Reisler, H.; Wittig, C.J. Chem. Phys.1984, 81,
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Figure 1. Schematic vibrational and rotational energies of the reactant and
transition state in a prolate symmetric top. The dark gray areas represent
the vibrational energy at each point along the reaction coordinate, and the
light gray areas represent the rotational energy. In aK-adiabatic system,
the change in the rotational energy between the reactant and transition state
is small.K-mixing removes energy from the vibrational reservoir in a prolate
top, causing less vibrational energy to be present at the inner transition
state.
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Correlated vibrational branching ratios are determined ex-
perimentally by first simulating Doppler profiles for each
energetically available vibrational channel using PST. The
details of this procedure are provided elsewhere.27 The correlated
vibrational branching ratios are then determined by weighting
these basis functions to provide the best fit to the measured
Doppler profiles. Figure 2 shows typical FM Doppler spectra
at 514 and 526 nm and their corresponding fits. The circles
represent experimental data. The dashed lines represent the
simulated basis functions for theV ) 0 andV ) 1 channels,
and the solid lines represent the best-fit weighted sum of the
simulations.27 The differences between these two contributions
are significant, providing a robust method for determination of
the correlated vibrational branching ratios. Shown in Figure 3
are correlated vibrational branching ratios determined from
Doppler spectra for several CN rotational quantum states for
the photodissociation of NCNO at three wavelengths. The 520
nm results have been reported previously.27 The solid and dashed
lines are the results of SSE theory underK-adiabatic and
K-active conditions at the inner transition state, respectively.
All of the simulations include thermal averaging to account for
the internal energy distribution of the parent molecules at room
temperature. We find that theK-adiabatic SSE values are
significantly larger than theK-active values and provide the
best fit to the experimental data at all wavelengths.39 We
therefore conclude that theK-rotor is not strongly coupled into
the vibrational reservoir early in the reaction.

Although global vibrational branching ratios can provide
similar information in principle, the use of correlated branching
fractions has significant advantages. At excitation energies near
the threshold for vibrational excitation, the differences between
K-adiabatic andK-active global branching ratios are typically
small and may be difficult to distinguish. Correlated studies
examine larger differences between relative measurements rather

than the smaller differences in absolute measurements typically
observed in the global branching ratios. At a correlated level,
numerous independent measurements of the vibrational branch-
ing ratio may be made, corresponding to individual rovibrational
states of the detected fragment, and can provide additional
certainty in the measured values.

Numerous studies have identified SSE as an effective
description of the energy partitioning of a dissociating system
in a molecular beam. In the typical application of the SSE model,
K-adiabaticity is implicit because only the parent thermal
vibrational energy and the photon energy are used to determine
the vibrational branching.35 However, the use of an adiabatic
K-rotor in an SSE calculation has little effect on the calculated
vibrational branching of a sample in a molecular beam, since
the rotational cooling of the parent precludes a detailed analysis
of theK-rotor dynamics. The observation of significant changes
in the vibrational branching ratio requires large values ofJ, the
parent rotational quantum number, to ensure that the differences
between theK-adiabatic andK-active cases are sufficient to
permit unambiguous identification.

The photodissociation of ketene to give singlet CH2 and CO
is one of the most significant benchmarks for the study of
unimolecular dissociation on barrierless potentials.14 As with
NCNO, vibrational branching ratios may distinguish between
an active and adiabaticK-rotor. Global measurements of the
CO vibrational distribution derived from the 308 nm photodis-
sociation of room temperature ketene were made by Nesbitt et
al. using laser-induced fluorescence.40 Those authors measured
a value of 0.09( 0.05 for the (V ) 1)/(V ) 0) ratio of
populations, which were found to be consistent with the SSE

(39) The predictions of theK-active SSE model and PST are very similar for
all wavelengths studied.

Figure 2. Typical FM Doppler spectra. The upper panel shows an R-branch
for j ) 11.5 CN radicals derived from the photodissociation of NCNO at
526 nm, and the lower panel shows a Q-branch forj ) 11.5 CN from
photodissociation at 514 nm. The data in the lower panel have been
symmetrized to remove the effects of the R12 satellite transition. The circles
represent experimental data. The dashed lines represented simulated Doppler
profiles derived from PST rotational distributions for the coincidentV ) 0
andV ) 1 NO fragments, and the solid lines are the best-fit weighted sums
of these basis functions.

Figure 3. Correlated vibrational branching ratios at 526, 520, and 514 nm
as a function of CN rotational quantum numberN. Open circles represent
experimental values. Solid and dashed lines are the simulations from SSE
theory, where theK-quantum number is treated as adiabatic and active,
respectively.
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model, which treatedK as adiabatic implicitly. However, more
recent correlated measurements have revealed that the global
vibrational branching ratio may be significantly lower than the
previously reported value.41 The correlated CO vibrational
branching ratio of jet-cooled CH2CO has been measured recently
by Costen et al.20 Interestingly, the measured correlated
vibrational branching ratios in the room temperature sample are
the same or lower than the corresponding jet-cooled branching
ratios for each measured CH2 transition common to both studies,
despite the additional vibrational energy that would be expected
from the internal energy of the parent molecule in the room
temperature sample. It is unlikely that changes in the global
CH2 rotational distribution could compensate for the factor of
3 increase in the correlated vibrational branching ratio predicted
by theK-adiabatic SSE model in going from jet-cooled to room
temperature parent molecules. We therefore believe that this
difference may be indicative of approximateK-mixing at the
inner transition state. Experiments are currently underway to
remeasure the global CO vibrational distributions.

The differences between global branching ratios in the bulb
and the molecular beam may still provide some insight into the
nature of theK-rotor in systems for which correlated measure-
ments of the vibrational branching have not been made. The
photodissociation of CF3NO to give CF3 and NO provides an
example in which theK-rotor appears to play an important role
in the overall dynamics of the room temperature system.
Although correlated measurements have been made by detecting
the NO fragment to identify the wavelength-dependent photo-
dissociation dynamics,22 no studies of the correlated NO
vibrational branching ratios have been undertaken. Like NCNO,
CF3NO is a near-prolate symmetric top, and dissociation occurs
along theS0 potential energy surface after internal conversion
from the first singlet excited state when following excitation at
wavelengths longer than 610 nm.42-45 Houston and co-work-
ers44,45measured global vibrational and rotational distributions
for the photodissociation of both room temperature and jet-
cooled CF3NO at wavelengths ranging from 600 to 660 nm,
corresponding to 1172-2687 cm-1 of energy above the dis-
sociation threshold.46 At 625 nm, which corresponds to 111
cm-1 above the threshold forV ) 1 formation in the NO
fragment, a (V ) 1)/(V ) 0) ratio for NO of 0.022( 0.011 was
observed in a jet-cooled sample.45 At room temperature,
dissociation at the same wavelength resulted in a (V ) 1)/(V )
0) ratio for NO of 0.018( 0.009.42 Although the differences
are small and the estimated errors are relatively large, the room
temperature sample would be expected to have a significantly
larger vibrational branching ratio if theK-rotor were adiabatic
as a result of the significant parent thermal vibrational energy.
We suggest that this lower vibrational branching ratio in the
bulb is a signature ofK-mixing at the inner transition state,
although clearly more experiments are necessary to confirm this
hypothesis. It should be noted that the appearance rates for
products from the photodissociation of CF3NO are dominated

by internal conversion to the ground state. The extent to which
K-mixing occurs on the ground or excited state is not revealed
by measurements of the product distributions, which show only
thatK-mixing has occurred prior to reaching the inner transition
state.

The mixing of theK-quantum number in a symmetric top
requires the coupling of vibrational motion to rotational motion
about the symmetry axis through either Coriolis coupling or
Fermi interactions.47 It is difficult to develop a general prescrip-
tion for how to treatK in unimolecular dissociation since the
competition betweenK-mixing and dissociation time scales will
depend on numerous factors including the density of states, the
magnitudes ofJ andK, and the dissociation rates. Perry et al.
have examined the time scale ofK-mixing in near-prolate
symmetric tops and found that the scrambling ofK to states
near J requires several hundred rotations of the parent mol-
ecule.37 Treating the frequency of parent rotation,ω, as a
“conceptual limit” to the rate of Coriolis mixing as described
by Perry et al.,37 one would not expect significantK-mixing if
ω were less than or equal to the dissociation rate. The
dissociation rate of NCNO has been examined in detail both
experimentally48 and theoretically,49-51 though these studies did
not extend to the available energies of the present work.
Variational RRKM calculations that are consistent with the
previous studies at lower energies yield a unimolecular dis-
sociation rate constant of 5× 1011 s-1 for 520 nm photolysis.
The average rate of rotation of NCNO, assuming it to be a
symmetric top with a rotational constant for rotation about the
axis perpendicular to the symmetry axis of 0.175 cm-1, is 1.4
× 1012 s-1 at 295 K. This difference is sufficient to remove
any significant laboratory frame anisotropy of the departing
fragments; however, it is unlikely to be sufficiently long to allow
extensiveK-mixing to values nearJ in a thermal sample. As a
result, the observation thatK is approximately adiabatic at the
inner transition state in NCNO dissociation is not unreasonable.

However, the unimolecular dissociation rates of CF3NO and
ketene are significantly slower and the state densities signifi-
cantly larger than those of NCNO at wavelengths corresponding
to a few hundred cm-1 above the threshold for formation of
vibrationally excited diatomic fragments. The dissociation rates
of CF3NO at the wavelengths of interest in the studies by
Houston and co-workers44,45were on the order of 107-108 s-1.
The average rotational frequency of CF3NO at 295 K is 1.1×
1012 s-1, several orders of magnitude higher than the dissociation
rate.K-mixing would be expected to be more extensive in CF3-
NO than in the faster NCNO dissociation, which is consistent
with the postulatedK-mixing mechanism apparent from the
difference between the bulb and jet experiments. Similarly, the
rate constant for the dissociation of ketene on the singlet
potential energy surface was calculated to be 9× 109 s-1 by
Klippenstein et al. for 308 nm photodissociation.52 At 295 K,
the average rotational frequency of ketene is 2× 1012 s-1, still
significantly higher than the dissociation rate. As in CF3NO,
K-mixing would be expected to take place prior to the inner
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transition state, although whether the mixing takes place in the
ground- or excited-state surfaces is unknown. Some evidence
for incompleteK-mixing in the near-threshold photodissociation
of NO2 has been observed previously using optical double
resonance to measure rates from specific parent (J, K) states.
The lack of completeK-mixing was attributed to the fast
dissociation of NO2 relative to the parent rotational period. Later
classical trajectory calculations on this system confirmed this
hypothesis, finding that several molecular rotations are necessary
to obtain appreciableK-mixing.53

Vector Correlations and the K-Rotor. Vibrational distribu-
tions can provide no information on the dissociation dynamics
after the conserved modes are decoupled at the inner transition
state. However, vector correlations, namely, correlations among
µ, the molecular transition dipole moment vector,v, the relative
velocity vector, andj , the rotational angular momentum vector
of the detected fragment, can provide detailed information on
the long-range anisotropy of the potential and exit channel
couplings. These long-range effects do not influence the rate
constant except at energies close to vibrational thresholds but
play a significant role in the product state distributions.
Correlations involvingµ may be probed by utilizing a polarized
laser for photolysis, which defines a preferred direction in the
laboratory frame. An anisotropic distribution of photofragments
in the laboratory frame of reference may be probed using several
techniques, including laser-induced fluorescence, numerous mass
spectrometric methods, and the transient FM method described
in the present work. However, in the case of NCNO, the
dissociation is sufficiently slow relative to the rotational period
of the parent molecule that the correlation between the transition
dipole moment of the parent molecule and the speed and rotation
of the product molecules has disappeared. The correlation
betweenv and j does not depend on the alignment in the
laboratory frame and remains important.

The relationship between thev-j correlations andK-mixing
in barrierless unimolecular dissociation reactions has been
discussed in detail by North and Hall.13 Briefly, theK-quantum
number may be related to thev-j correlation by transforming
the system into a basis in which the projections of the angular
momenta of the fragments along the relative velocity vector
are good quantum numbers. Since the relative velocity vector
is strictly perpendicular to the orbital angular momentum of
the fragments about the parent center of mass, these fragment
projections map directly to theK-quantum number. In aK-active
system, there is no restriction on the projection of the fragment
angular momentum onv, leading to small correlations between
v and j . K-adiabatic systems, however, are limited to only a
small number of such projections and lead to strong correlations
betweenv and j . Experimentally, these correlations may be
probed by examining the differences between Q- and R-branch
transitions with the same initial rotational state.54,55 We have
previously reported thev-j correlations in the 520 nm photo-
dissociation of NCNO.27 The v-j correlations were found to
be small and were well-represented by treating the system at
the outer transition state asK-active. Thev-j correlations
measured at 514 and 526 nm were also found to be small for

all measured rotational states, consistent withK-scrambling at
the outer transition state.

The presence of aK-active outer transition state and a
K-adiabatic inner transition state is surprising, since the system
would be expected to pass between the inner and outer transition
states in less than a picosecond. This motion would require
strong Coriolis coupling to allow theK-quantum number to
partially scramble on this time scale. While this is not altogether
unreasonable, other factors may affect the magnitudes of the
v-j correlations. The strict relationship between theK-quantum
number and the total projection of the rotational angular
momentum vectors on the relative velocity axis is true only
within the axial recoil approximation for a true symmetric top
molecule. Significant rotation of the molecular complex as
dissociation occurs allows states with different total projections
along the relative velocity axis to mix, which would be expected
to degrade the observedv-j correlations. The dissociation axis
and the symmetry axis of the near-symmetric top do not strictly
coincide, which leads directly to an additional blurring of the
v-j correlation. Finally, the broadening of the observed Doppler
spectra due to parent translational motion increases the overall
uncertainty in the measured correlations. The measurement of
v-j correlations in a collimated effusive beam of room
temperature molecules would significantly decrease the trans-
lational blurring, allowing a more accurate determination of the
v-j correlations, while maintaining the thermal parent rotational
energy required to probe the nature of theK-rotor. These
experiments are currently underway in our laboratory.

Conclusion

The extent of coupling of theK-rotor motion in barrierless
unimolecular dissociation reactions has been examined by
studying fragment correlations in the photodissociation of
NCNO. We find that both product scalar and vector correlations
can provide a diagnostic on the nature of theK-rotor in
unimolecular dissociation, particularly when a comparison
between results from jet and thermal experiments is possible.
At three dissociation wavelengths, vibrational branching ratios
of the NO radical were determined for several coincident CN
rotational quantum states. The correlated vibrational branching
ratios are found to be well-described by a separate statistical
ensembles treatment in which theK-rotor is assumed to be
adiabatic at the transition state. The use of vibrational distribu-
tions as a probe ofK-rotor activity has been applied more
generally to CF3NO and CH2CO, which were both found to be
approximatelyK-active at the transition state. As expected,
K-mixing appears to become more extensive as the dissociation
rate decreases relative to the parent rotational period. Vector
correlations, which serve as a probe of theK-rotor activity at
the outer transition state, were also measured for NCNO
photodissociation. Thev-j correlations were found to be small
at both 514 and 526 nm, which is indicative ofK-mixing at the
outer transition state.
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