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Daniel M. Neumark
Department of Chemistry, University of California, Berkeley, CA 94720

The transition state region for several chemical reactions of the
type A + HB — HA + B has been investigated via photodetachment
of the stable negative ion AHB . The photoelectron spectra of
BrHBr and BrHI show resolved vibrational structure attributable
to the transition state region of the Br + HBr and Br + HI
reactions, respectively. The photoelectron spectra of IDI and the
cluster ion IDI (N,0O) are compared; these spectra probe different
parts of the I + HI potential energy surface. Finally, a high
resolution threshold photodetachment spectrum of one of the IHI

features shows evidence for reactive resonances in the I + HI

reaction.

INTRODUCTION

In a hydrogen transfer
reaction of the type A + HB —» HA +
B, the reactants pass through a
short-lived [AHB] collision complex
or transition s.ate en route to
products. One of the fundamental
goals in chemical reaction dynamics
is to understand the nature of the
potential energy surface on which a
reaction occurs in the vicinity of the
transition state (the transition state
region)." This will provide a
detailed probe of the interatomic
forces which govern chemical bond
formation and cleavage in a
reaction.

During the last 10-15 years,
the most popular approach to this
problem has been state-to-state
chemistry.? In a typical experiment,
the product state distribution of a
chemical reaction is characterized as
completely as possible as a function
of reactant initial conditions. For
example, one might measure the
product angular and internal energy
distributions at several reactant

collision energies. This informazation
has considerable value in its own
right and often provides valuable
insight into the mechanism of a
reaction. However, the extraction of
the properties of the transition state
region from thesc asymptotic
measurements is very difficult, even
for reactions which have been
characterized in detail.

This situation has motivated
the development of ’transition state
spectroscopy’ experiments.®* The
goal of these studies is to use
spectroscopic means to directly probe
the short-lived complex formed in a
reaction. The initial experiments in
this area were performed by Polanyi,
Brooks, and their co-workers in
1980.5% Since then, several
techniques involving frequency and
time-domain spectroscopy have been
applied to this problem.™ However,
the short-lived nature of the
transition state has limited the
successful application of these
methods to a relatively small
number of systems.

We have developed an
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alternative approach to the
spectroscopy of the transition state
in bimolecular reactions. **'* We
study the unstable [AHB] complex
formed in the A + HB hydrogen
transfer reaction by photodetaching
the stable, hydrogen-bonded negative
ion AHB . If the ion geometry is
similar to that of the neutral
transition state, then photodetaching
the ion will probe the transition
state region of the A + HB potential
energy surface. Even though the
[AHB] complex is unstable, the_
photoelectron spectrum of AHB can
exhibit resolved vibrational structure
which yields considerable insight
into the spectroscopy and
dissociation dynamics of the [AHB]
complex. Hydrogen transfer
reactions are particularly appealing
because, in many cases, the [AHB]
transition state for the reaction has
good geometric overlap with the
strongly hydrogen-bonded ion AHB.
In addition, most hydrogen transfer
reactions are 'heavy + light-heavy’
reactions, in which a hydrogen atom
is transferred between two much
heavier species. The dissociation
dynamics of the [AHB] complex with
this mass combination favors the
observation of resolved vibrational
structure in the AHB photoelectron
spectrum. In essence, we observe
the fast vibrational motion of the
light H atom as the complex slowly
dissociates.

This experiment provides a
high degree of control over
important parameters of a chemical
reaction. Photodetachment initiates
the A + HB reaction with the atoms
in the same geometry as they are in
the ion AHB , thereby providing
excellent control over the reactant
orientation. In addition, since the
ions are generated in a source which
produces rotationally cold species,

we can limit the total angular
momentum available to the reaction.
The latter restriction is particularly
significant since it facilitates
comparison with theoretical
simulations of our results.

The simplest reactions
amenable to this technique are those
in which a hydrogen atom is
exchanged between two identical
halogen atoms. Consider the
reaction

Br + HBr - HBr + Br, (1)

which is studied by photodetaching
BrHBr .** This ion is predicted to
be a linear and centrosymmetric
species with an interbromine
equilibrium distance R, = 3.43 = 0.1
A®2 Model potential energy
surfaces for the Br + HBr
reaction®® predict a linear minimum
energy path with a barrier < 10
kcal/mol. Thus, reasonable
geometric overlap is expected
between the ion and neutral
transition state.

We have also studied simple
asymmetric reactions® such as

Br + HI - HBr + I, 2)

as well as more complex reactions
involving polyatemic reactants such
as

F + CH,O0H —» HF + CH;0. (3)

Finally, the photoelectron spectra of
cluster ions such as IDI (N,O) have
been obtained as a first step
towards understanding what
happens when a reaction is initiated
by photodetaching a cluster of
krown size. Reactions (1) and (2)
will be discussed beicw, along with
the cluster ion results. Results
obtained with a higher resolution




instrument on the I + HI reaction
will also be discussed.

EXPERIMENTAL

Two types of negative ion
photodetachment experiments are
used in this work. The instruments
used in these experiments are
described in detail elsewhere.

Most of the results to date
were obtained with ‘fixed-frequency’
negative ion photoelectron
spectroscopy.®” Our apparatus is a
time-of-flight photoelectron
spectrometer similar to that
described in Ref. 26. Internzlly cold
negative ions are generated by
crossing a pulsed, free-jet expansion
of an appropriate mixture of gases
with a 1 keV electron beam. The
ions are mass-selected via time-of-
flight and photodetached with a
pulsed, fixed-frequency laser. The
data shown below were taken using
either the 4th or 5th harmonic of a
Nd:YAG laser at 266 nm (4.66 eV)
or 213 nm (5.82 eV), respectively.
The kinetic energy of the ejected
photoelectrons is determined with a
time-of-flight analyzer. The
resolution of the energy analyzer is
5-8 meV at low electron kinetic
energy (0.5 - 0.6 eV), but this
degrades approximately as E** at
higher electron kinetic energy.

Higher resolution studies were
performed on a threshold
photodetachment spectrometer.”
This instrument has a similar ion
source to the fixed-frequency
apparatus and also uses time-of-
flight mass selection. However, the
ions are photodetached with a
tunable pulsed dye laser. At a
given laser wavelength, only
electrons produced with nearly zero-
Kinelic energy are detected. The

zero-kinetic energy spectrum plotted
as a function of laser wavelength
consists of a series of peaks, each
corresponding to an ion—neutral
transition. The width of the peaks
is determined by the ability of the
instrument to discriminate against
photoelectrons produced with high
kinetic energy. By adapting the
methods developed by Schlag and co-
workers for threshold photoionization
of neutrals,® we have achieved a
resolution of 3 cm™ (0.37 meV) with
this instrument. In the experiuieuts
performed with this instrument
(Section 4, below), tunable laser
light in the range of 300 nm was
required. This was obtained by
frequency doubling the output of an
excimer pumped dye laser in a B-
barium borate crystal. The laser
repetition rate was 50 Hz. With
Rhodamine B as the dye, 2 mJ/pulse
of frequency-doubled light was
obtained.

RESULTS AND DISCUSSION
1) BrHBr Photoelectron Spectrum

The photoelectron spectra of
BrHBr and BrDBr taken at 213
nm are shown in Figure 1. The
spectra are discussed and analyzed
in considerable detail in Ref. 19;
only the salient features are
summarized here. Each spectrum
shows several resolved peaks of
varying widths. In these spectra,
the electron kinetic energy E is
given by

E=hv-E,-E%W +E, @

Here hv = 5.82 eV is the photon
energy, E, = 4.27 eV®¥ is the
binding energy of the electron to
BriBr, what i, the encrgy




necessary to remove an electron_
from the ground state of BrHBr to
form Br + HBr(v=0), and E,, and
E°,. arc the internal energies of the
ion and neutral [BrHBr] complex,
respectively. E, is measured
relative to Br + HBr(v=0). Equation
(4) shows that if E, = 0, then the
peaks in a photoelectron spectrum at
lower _electron kinetic energy
correspond to higher values of
internal energy in the complex.

Note that all the peaks occur at
electron kinetic energies less than
hv - E, = 1.565 eV. This is the
electron kinetic energy that would
result from forming Br + HBr(v=0)
from ground state BrHBr . Hence,
the observed peaks in each spectrum
correspond to states of the complex
that lic above Br + HBr(v=0), that
is, states of the complex which can
dissociate.

The three peaks at highest
electron kinetic energy in the
BrHBr spectrum are approximately
evenly spaced, suggesting a
vibrational progression. This is
confirmed by the BrDBr spectrum,
in which the highest energy peak is
unchanged, but the spacing between
the four highest energy peaks is  _
considerably less than in the BrHBr

spectrum. This isotope shift
indicates that we are observing a
vibrational progression of the
{BrHBr] complex in a mode
primarily involving H atom motion.
The progression is assigned to the v,
antisymmetric stretch mode, in
which the H atom vibrates between
the two essentially stationary
halogen atoms. Since the highest
energy peak occurs at the same
energy in the two spectra, it is
assigned to the v;" = 0 -5 v, = 0 ion
— neutral transition. There is no
evidence for 'hot band’ transitions in
thc spectrum originating from

excited v," levels of the ion. The v,
mode is not totally symmetric, so
only even v, levels of the neutral
are accessible from the v;" = 0 level
of the ion. The peaks in this
progression in the two spectra are
labelled by their v;’ quantum
number. The broad peaks at lower
electron energy labelled A’ and B’
are assigned to an excited electronic
state of the [BrHBr] complex and
are discussed in more detail in Ref.
19.

Itensity (arbitrary units)

2.0

Blectron Kinetic Enecgy (eV)

Figure 1. Photoelectron spectra of
BrHBr and BrDBr obtained at 213
nm.

An important feature of these
spectra is that the spacing between
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Figure 1. Photoelectron spectra of
BrHBr and BrDBr obtained at 213
nm.

An important feature of these
spectra is that the spacing between




the peaks in the v, progression is
considerably less than the
vibrational frequency in diatomic
HBr. The v, = 0 and v, = 2 peaks
in the BrHBr spectrum are
separated by 1700 cm™, while the
HBr fundamental is at 2560 cm™.
This shows that our experiment
probes the transition state region of
the Br + HBr potential energy
surface where the H atom is
expected to interact strongly with
both Br atoms. In effect, we are
probing the region of the surface
where the strong bond in diatomic
HBr has been replaced by two weak
bonds in the [BrHBr] complex.

In a heavy + light-heavy
reaction such as Br + HBr, the v,
mode of the [BrHBr] complex in the
transition state region is pocrly
coupled to dissociation of the
complex. Thus, although the peaks
in the photoelectron spectra
correspond to states of the [BrHBr)
complex with enough energy to
dissociate, they correspond to a
progression in a vibrational mode
which is not the dissociation
coordinate of the complex. Similar
effects have been seen in electronic
spectra involving transitions to
dissociative states of polyatomic
molecules.

The peaks widths in the
BrHBr and BrDBr spectra are a
measure of the dissociation dynemics
of the [BrHBr] complex. The peaks
become progressively narrower as v,
increases; the v, = 0 peak in the
BrHBr spectrum is 150 meV wide,
whereas the v, = 4 peak is only 20
meV wide. This is at first glance a
counter-intuitive result; it implies
that states of the complex with
higher internal energy (in the v,
mode) have longer lifetimes.
However, previous calculations on
heavy + light-heavy reactions™

predict the existence of levels of the
complex which are quasi-bound
along the dissociation coordinate (the
symmetric stretch coordinate in this
case) and which become more
pronounced for more highly excited
antisymmetric stretch levels of the
complex. These quasi-bound states
are responsible for the sharp
resonance structure® observed in
reactive scattering calculations on
these systems. The narrow v, = 4
peak in the BrHBr spectrum and
vy = 6 peak in the BrDBr spectrum
are assigned to transitions to these
quasi-bound [BrHBr] levels.

The ultimate goal of this
experiment is to learn about the Br
+ HBr potential energy surface in
the vicinity of the transition state.
This is done by constructing a
flexible functional form for the Br +
HBr potential energy surface and
varying the parameters of the
surface until the BrHBr and
BrDBr photoelectron spectra are
successfully reproduced in spectral
simulations. The accurate
simulation of these spectra requires
calculating the Franck-Condon
overlap between the ion vibrational
wavefunction and the three-
dimensional scattering wavefunctions
supported by the Br + HBr surface
over a wide energy range. These
calculations have been performed by
Schatz® and Bowman* on a model
Cl + HCI surface in order to
simulate the CIHCl photoelectron
spectrum. Miller® has done this
type of calculation on a model F +
H, surface in a simulation of the
FH, photoelectron spectrum.
However, these calculations are too
complex to use in our iterative
analysis. We have therefore
developed an approximate method to
simulate our spectra.
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Figure 2. (bottom) Best-fit
‘effective collinear potential energy
surface for Br + HBr reaction.
Shaded area shows region that has
best Franck-Condon overlap with
ground state of BrHBr.

(top) Simulations of ground state
progressions in the BrHBr and
BrDBr spectra superimposed on the
experimental spectra.

We construct an ’effective’
collinear poteutial energy surface®
which is a collinear Br + HBr
surface with the zero-point bending
energy of the [BrHBr] complex
implicitly included at every point.
The surface that provides the best
fit to our spectra is shown at the

bottom of Figure 2. The shaded
region shows the part of the surface
which has good Franck-Condon
overlap with the ground state of
BrHBr . The simulations of the
spectra are very sensitive to small
changes in this region (the Franck-
Condon region) of the surface. This
region of the surface plays a key
role in the dynamics of the Br +
HBr reaction. The simulated
spectra obtained with this surface
are shown superimposed on the
experimental spectra at the top of
Figure 2. We see that reasonable
agreement is obtained between
experimental and simulated peak
positions, intensities, and widths for
the ground state progression.

In summary, the photoelectron
spectra of BrHBr and BrDBr are a
sensitive probe of the transition
state region of the Br + HBr
potential energy surface. The peaks
in the spectra reveal the
spectroscopy and dissociation
dynamics of the [BrHBr] complex,
and strongly suggest the existence of
reasonably long-lived (approximately
100 fs) quasi-bound levels of the
complex. The spectra have been
analyzed to yield an approximate
potential energy surface for the
reaction.

2) BrHI Photoelectron Spectrum

The transition state region for
the reaction Br + HI - HBr + I is
accessible through photodetachment
of the asymmetric bihalide ion
BrHI. The BrHI and BrDI
photoelectron spectra taken at 213
nm are shown in Figure 3. Each
spectrum shows two progressions of
evenly spaced peaks. The peak
widths are between 100-150 meV.
The origins of the two progressions
occur at the same electron energies




in each spectra, and the peak
spacing within each progression is
noticeably smaller in the BrDI
spectrum. Each progression is
assigned to the v, mode of the
[(BrHI] complex. The two
progressions in each spectrum are
assigned to two electronic states of
the complex. The splitting between
the origins of the progressions is
7300 cm™?, which is very close to
the splitting between the 7Py,
ground state and the ?P,, spin-orbit
excited state of atomic iodine.
Hence the progression at higher
electron energy is assigned to the
ground electronic state of the [BrHI]}
complex, while the progression at
lower electron energy is likely due
to an excited state of the complex
which correlates asymptotically to
HBr + I*(°Py,).

The scale at the top of Figure
3 shows that the peak spacing in
both progressions in the BrHI
spectrum is only slightly less than
the vibrational frequency in diatomic
HBr. This is in sharp contrast to
the much larger red shift’ seen in
the BrHBr spectrum. One can
understand this result by
considering the geometry of the
BrHI ion. The proton affinity of
Br is 0.47 eV higher than that of
I. Hence, the H atom in the ion
should be significantly closer to the
Br atom; the ion can be pictured as
I -HBr. This means that
photodetachment of the ion will
primarily access the I + HBr
product valley on the neutral
potential energy surface. In this
region, the nascent HBr bond is
nearly complete. We therefore
expect to observe a vibrational
frequency in the photoelectron
spectrum characteris.ic of this
nearly-formed bond, which is indeed
the experimental result.
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Figure 3. BrHI and BrDI
photoelectron spectra obtained at
213 nm.

We have simulated the ground
state progression in the BrHI
spectrum using the time-dependent
wave-packet formalism developed by
Heller,” Kosloff,® and others.®* A
model potential energy surface
proposed by Broida and Persky* for
the Br + HI reaction is used in the
simulations. This surface is of the
London-Eyring-Polanyi-Sato (LEPS)
functional form.** The procedure for
estimating the BrHI potential
energy curface is described by us
elsewhere. This is a two-
dimensional simulation restricted to




Y / Angs.

Y / Angs.

collinear geometries.

Figure 4. Wavepackets at t=0
(top), t = 40 fs (middle), and t = 160
fs (bottom), on Br + HI potential _
energy surface resulting from BrHI
photodetachment. The surface is
plotted using the mass-scaled
coordinates y = Ry, and

X = (pl,}{Br/pHBr)w(RI-Br)'

The procedure is as follows.
The initial wavepacket y(0) on the
Br + HI surface is obtained by
projecting the ion ground state
waveunction onto the neutral
surface, assuming the Franck-
Condon principle is valid. This
wavepacket is then propagated in
time on the reactive surface using
the method described by Kosloff and
Kosloff.®  The autocorrelation
function C(t) = <y(0)y(t)> is
calculated, and the Fourner
transform of C(t) ields the
simulated photoelectron spectrum.

Figure 4 shows the initial
wavepacket on the Br + HI surface,
as well as the wavepacket at the
later times {=40 fs and t=160 fs.
Figure 5 shows a plot of {C(t)], and
the simulated spectrum is
superimposed on the experimental
spectrum in Figure 6. Figure 4
shows that the initial wavepacket is
localized in the I + HBr product
valley as discussed above. The plot
at t= 160 fs shows that _
photodetachment of BrHI leads
primarily to I + HBr products; very
little of the wavepacket ends up in
the Br + HI valley.

The plot of the autocorrelation
function provides some interesting
physical insight into our experiment.
The most prominent feature in
Figure 5 is a high-frequency
oscillation which is damped after
about 30 fs. This high frequency
motion is the v; mode of the [BrHI]
complex, and the rapid decay of this
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Autocorrelation

oscillation is due to dissociation of
the complex. The frequency of the
oscillation determines the peak
spacing in the photoelectron
spectrum, while the time scale for
decay determines the peak widths.
Thus the structure in the BrHI
photoelectron spectrum shows the
[BrHI] complex vibrating along the
v, coordinate as it falls apart.

f \M\w

100 200 360
Time (femtoseconds)

Figure 5. Modulus of
autocorrelation function |C(t)] vs. i
for propagation of wavepacket shown
at top of Figure 4.

The simulated spectrum shows
four nearly e¢venly spaced peaks and
a small, partly resolved clump of
peaks at 1.20 eV. The positions of
the first three peaks agree
reasonably well with the three
highest energy peaks in the
experimental spectrum, although the
simulated widths are too narrow.
The overly narrow widths may

result from deficiencies in the LEPS
surface used in the simulations. A
surface which is more repulsive in
the I + HBr valley will yield broader
peaks in the simulated photoelectron
spectrum. In addition, if the
minimum energy path on the true
surface were bent, then a more
accurate simulation not restricted to
collinear geometries would probably
yield broader peaks.
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Figure 6. Simulated BrHI
photoelectron spectrum obtained
from Fourier transform of C(t) of
Figure 5 superimposed on
experimental spectrum. Only the
ground state progression was
modelled.

The clump of peaks in the
simulation at 1.2 eV is from
transitions to a series of [BrHI]
resonances supporied by the LEPS
surface localized largely in the Br +




HI reactant valley. The contribution
from these states can be seen in
Figure 5; they lead to the
persistence of {C(t)| at long times.
Due to the low intensity of these
transitions in the simulation, our
experiment does not completely rule
out their existence. We therefore
cannot say if a more accurate
potential energy surface would
support these resonances.

3) IDI'(N,0) Photoelectron Spectrum

The photoelectron spectroscopy
of negative cluster ions has become
a very active research field in recent
years.**" This class of experiments,
particularly those of Bowen and co-
workers,”” has led us to pursue a
new direction in our own efforts.
Suppose we measure the
photoelectron spectrum of a cluster
ion in which a bihalide ion is
surrounded by a known number of
solvating species, i.e. IDI(S),. There
is no ambiguity concerning the
number of solvating species since
the ions are mass-selected prior to
photodetachment. Photodetachment
of the cluster ion generates a
neutral collision complex surrounded
by the solvating species; such an
experiment may serve as a probe of
condensed phase reaction dynamics.
As a first step to studying larger
clusters, we have obtained the
photoelectron spectrum of IDI (N,0),
shown in Figure 7 below the
photoelectron spectrum of the bare
IDI ion. These spectra were taken
at 266 nm.

A comparison of the two

spectra indicates that the addition of

an N,0 molecule has perturbed but
not destroyed the structure seen in
the IDI spectrum. Both spectra
show three peaks. These are
assigned to even members of the v,

10
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Figure 7. Photoelectron spectrum
of IDI (top) and IDI (N,O) (bottom)
taken at 266 nm.




progression in the neutral complex
just as in the BrHBr spectrum.

The 0—0 transition is shifted toward
lower electron energy by 0.100 eV in
the cluster ion spectrum. Assuming
that N,O interacts much more
strongly with IDI than with the
[IDI] complex, then this shift yields
the binding energy of N,0 with
IDI. Shifts of this magnitude were
seen in Bowen'’s photoelectron
spectroscopy study of the series
NO, NO (N,0), and NO (N,0),.*®

A important difference .
between the bare and clustered IDI
spectra is that the spacing between
the three peaks is slightly different.
The v, = 0 and v,’= 2 peaks are
more widely spaced by 0.013 eV in
the IDI (N,O) spectrum, and the v,
= 2 and v, = 4 spacing is 0.007 eV
less than in the bare ion spectrum.
These differences are small but
significant and were not seen in
Bowen’s spectra of the NO series.
We believe this variation in the
peak spacing results because
photodetachment produces an
unstable collision complex rather
than a stable molecule in our
experiment.

A plausible explanation for
our observation is as follows. In the
cluster ion IDI (N,0), some charge
transfer is expected from the IDI
ion to the IN;O_molecule. This can
distort the IDI geometry, most
likely by lengthening the interiodine
distance since the extra electron is
what holds the ion together in the
first place. On the other hand,
subsequent to photodetachment, it is
a reasonable approximation to ignore
the interaction between the [IDI]
complex and neighboring N,O
molecule. Thus, the cluster ion
photoelectron spectrum is, to first
order, equivalent to the
photoelectron spectrum of slightly
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distorted IDI .

Figure 8 shows a model
collinear potential energy surface for
the I + HI reaction.® The
horizontal and vertical axes are
proportional to the symmetric and
antisymmetric stretch normal
coordinates, respectively. In our
earlier work on the IDI
photoelectron spectrum,'” we
estimated the equilibrium interiodine
distance in IDI to be R, = 3.88 A.
This distance corresponds to the
dashed vertical line drawn through
the surface in Figure §. A cut
through the surface at this
interiodine distance vields a double
minimum potential which is, to a
good approximation, the
antisymmetric stretch potential for
the [IDI] complex with an
interiodine distance of 3.88 A. This
potential is shown in Figure 9a,
along with the eigenvalues for the
first few even v; levels. Suppose _
that the interiodine distance in IDI
(N,0) is 0.05 A greater than in the
bare ion. The antisymmetric stretch
potential for the [IDI] complex for
this geometry is obtained by taking
the cut through the surface
indicated by the dotted line in
Figure 8. This potential and its
first few even eigenvalues are shown
in Figure 9b. The major difference
between the two potentials is that
the barrier between the two minima
is higher at larger interiodine
distance. While this pushes up all
the eigenvalues, the v,;’ = 2 level is
the most strongly affected since it
lies very close to the barrier. The
result is that in the antisymmetric
stretch potential associated with the
cluster ion, the v;’ = 0 and vy = 2
levels are further apart, and the vy’
= 2 and v, = 4 levels are closer
together. This is consistent with the




2l

experimentally observed peak
spacings.

Figure 8. Model collinear potential
energy surface for I + DI reaction.
Solid vertical line corresponds to
estimated interiodine distance R, =
3.88 A in IDI'. The dashed vertical
line corresponds to estimated R, =
3.93 A in IDI'(N,0).

Thus, our simple picture
qualitatively explains the
experimental results. The
photoelectron of a cluster ion such
as IDI (N,0) allows one to probe
different regions of the I + DI
potential energy surface and also
gives an indication of the nature of
the interaction in the cluster ion.
We plan to study the photoelectron
spectra of similar cluster ions in the
near future as a function of the type
and number of solvating species.

Potential Energy (eV)

-3.2 AN A A S S A A A (N AR AN A S S S SAN S A
-1.0 0.0
(Ryy- Ry) M2

Figure 9. Antisymmetric stretch
potentials and v, = 0, 2, and 4
energy levels for [IDIJcomplex
obtained by cuts through I + HI
potential energy surface at
interiodine distances of 3.88 A (solid
lines) and 3.93 A (dashed Lnes).

4) Threshold Photodetachment
Spectrum of IHI

Figure 10 shows the IHI
photoelectron spectron previously
obtained by us.” The I + HI
reaction is predicted to exhibit the
most pronounced resonance effects
due to quasi-bound IHI states
supported by the potential energy
surface.”* This results from both

1.0




the large m/m, mass ratio and the
low barrier expected for the reaction.
Simulations of the IHI
photoelectron spectrum!™** predict
that some of the v,” peaks should
exhibit underlying structure at
higher resolution due to a
progression in quasi-bound
symmetric stretch levels of the [IHI]
complex; these levels are quasi-
bound along the dissociation
coordinate of the complex. These
simulations were performed on a
model LEPS surface for the I + HI
reaction on which the barrier is
probably too low. Nonetheless, the
prediction of more structure under
the peaks in the IHI photoelectron
spectrum prompted an investigation
of this system with our threshold
photodetachment spectrometer®
which, as discussed above, has
considerably higher resolution than
the ’fixed-frequency’ instrument used
to obtain the the spectrum in Figure
10.
Figure 11 shows a scan of the

s = 2 peak (the middle peak in
Figure 10) obtained with the
threshold photodetachment
spectrometer, This spectrum shows
three partly resolved peaks which
decrease in intensity toward lower
wavelength. The peaks are spaced
by about 100 cm?. This is in the
range expected for the symmetric
stretch frequency for quasi-bound
states of the [THI] complex.
Although the narrow peaks in the
BrHBr and BrDBr spectra were
assigned to resonances, the
observation of this low frequency
progression in the THI threshold
photodetachment spectrm provides
even more compelling evidence for
the existence of these quasi-bound
levels. The observation of these
levels is of considerable interest not
only because it confirms long-

standing theoretical predictions, but
because it also provides more
detailed spectroscopic information on
the transition state region of the I +
HI potential energy surface.

Further investigation of the THI
threshold photodetachment spectrum
is currently in progress in order to
substantiate the claim that we are
observing [IHI] resonances. We plan
to take }ugh resolution spectra of
the other v,’ peaks in the THI and
IDI" photoelectron spectra in order
to determine which of them, if any,
exhibit underlying structure.
Meanwhile, the spectrum in Figure
11 can be regarded as very
promising result,

v, =2

¥ 3

| [HI-

s
2|
§ L V3 =0
=

|

L.

|

02 04 06 s
Electron Kinetic Energy (eV)

Figure 10. Photoelectron spectium
of IHI taken at 266 nm.
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Figure 11. Threshold
photodetachment spectrum of [IHI]
v, = 2 peak.

SUMMARY

Negative ion photodetachment
can provide a detailed probe of the
transition state region of a chemical
reaction. The examples above show
the application of this method to
several simple reactions. Future
directions include the investigation
of more complex chemical reactions,
reactions initiated by photodetaching
a cluster ion (Section 3, above), and
higher resolution studies with our
threshold photodetachment
spectrometer (Section 4, above).
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