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The photodissociation oft-C4H9I has been studied at 277 and 304 nm in a supersonic molecular beam. The
fragments (I andt-C4H9 radical) are selectively ionized by resonance-enhanced multiphoton ionization and
then projected onto a two-dimensional position-sensitive detector to obtain their translational energy and
angular distributions. The energy distribution is found to consist of three components: one Maxwell-
Boltzmann and two Gaussian distributions. Their anisotropy parameters range from 0.7 to 1.6 and display a
parallel transition characteristic, where the greater the kinetic energy of the component, the stronger its
anisotropy. From present and previous work, these three components are interpreted in terms of three
independent reaction paths on an excited potential energy surface: (1) the prompt dissociation along the C-I
stretching mode for the high-energy component, (2) the repulsive mode along the C-I stretching, coupled
with some bending motions for the medium-energy component, and (3) the indirect dissociation, probably
due to large contribution of the bending motions for the low-energy component. Relative quantum yields for
I(2P3/2) at 277 and 304 nm have been determined and found to be 0.93( 0.03 and 0.92( 0.04, respectively.
Experiments have shown thatt-C4H9I has the highest curve-crossing probability from the3Q0 to 1Q1 state
among low-carbon alkyl iodides. The extensive vibrational coupling between two states in the proximity of
a crossing point supports this interpretation.

I. Introduction

Photofragmentation of alkyl iodides in the A band has
attracted substantial attention as a prototype model for the
dissociation dynamics of polyatomic molecules over the last
two decades.1-15 Excitation of the A band,σ* r N transition,
in the 210-350 nm range, results in the breaking of a C-I
bond to produce an alkyl radical in concert with either a spin-
excited state I(2P1/2) atom (denoted I*) or a ground state I(2P3/2)
atom (denoted I).1,2 Three states from theσ* configuration,
3Q1, 3Q0, and 1Q1 states in Mulliken’s notation, are dipole
allowed from a ground state alkyl iodide.16 The 3Q0 state
correlates with I* formation, with an associated dipole transition
moment lying parallel to the C-I bond, while the3Q1 and1Q1

states correlate with I formation through perpendicular transi-
tions.
Some extensive studies on the photodissociation of alkyl

iodides have been reported for their first homologue and its
derivatives, CH3I,2-7 CD3I,8,9 and CF3I.10-12 The study of the
vibrational state distribution of the alkyl fragments, CX3 (X )
H, D, and F), has been a hot issue, since their dissociation
dynamics can be relatively well confined within only an
umbrella mode,ν2, of the CX3, under the simplified assumption
of collinear pseudotriatomic dissociation due to prompt dis-
sociation and because of theirC3V geometry. Although earlier
experimental2,17and theoretical18 studies support this picture for
CH3I, some recent experimental findings are quite controversial
to this model. These are (1) the rotational excitation5-7 around
the axis perpendicular to the CH3 top axis, (2) some excitations5,7

of theν1 symmetric stretching mode, and (3) the beginning of
theν2 bending motion after some elongation of the C-I bond.3
These pieces of evidence represent the roles of other vibrational
modes in addition to theν2 vibration in the dissociation

dynamics and are well supported by theoretical calculations19,20

using a multidimensional potential energy surface (PES). Mode-
specific information on this multidimensional dissociation has
been obtained from emission spectroscopy of dissociating alkyl
iodides,i.e., CH3I, C2H5I, i-C3H7I, and t-C4H9I, within a short
period,ca. 10 fs.21,22 Their emission spectra show that bend-
stretch combination bands exist in addition to the C-I stretch
fundamental and its overtone. The bending motions relative to
the stretch increase as the alkyl group becomes heavier and more
branched. This suggests that a reaction coordinate of the
photodissociation is a combination of the C-I stretch and bend
modes, rather than just the stretch.

Photodissociation oft-C4H9I is a good choice for confirmation
of this multidimensional character, since the molecule gives a
large perturbation to simple C-I repulsive dissociation due to
its tertiary structure and compares well with CH3I because of
its C3V symmetry. According to magnetic circular dichroism
(MCD) measurements, the A band oft-C4H9I is excited into a
dominant3Q0 r N transition (centered near 270 nm) and two
smaller contributions,3Q1 r N and 1Q1 r N, located in the
low- and high-energy wings, respectively.23 The relative
quantum yield for I production at 248 nm, 0.97,24,25 can be
explained by a high curve-crossing probability from the3Q0

state to the1Q1. Though its energy and spatial distributions
still need to characterize the degree of orientation in oriented
molecular beams,26 they have not as yet been reported for the
A-band photolysis oft-C4H9I.

In this paper, we report on the photodissociation dynamics
of t-C4H9I at 277 and 304 nm, utilizing a state-selective
photofragment imaging technique.7,9,12 Translational energy and
angular distributions are determined simultaneously for the I
andt-C4H9 fragments. It is found that their energy distributions
consist of one Maxwell-Boltzmann and two Gaussian com-
ponents. These components have been interpreted in the light
of the multidimensional PES. The relative quantum yields are
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also obtained in order to clarify the dissociation channels at
the two wavelengths.

II. Experiment

The experimental setup in this study has been described in
detail elsewhere.12,27 A mixture of 1% t-C4H9I (Aldrich
Chemicals) seeded in He is injected into the reaction region
using a molecular beam valve, pulsed at 10 Hz with a duration
time of 200 µs/pulse. Photofragments from the ultraviolet
photolysis oft-C4H9I are selectively ionized using resonance-
enhanced multiphoton ionization (REMPI) within the same laser
pulse. The laser light (typically 50µJ/pulse, 0.1-cm-1 band-
width, and 10-ns duration) is produced by doubling the output
from a Nd:YAG-pumped dye laser. In the 277-nm region, a
wavelength of 277.87 nm is used to selectively ionize the I
atoms using a (2+ 1) REMPI process. In the 304-nm region,
the I atoms are also selectively ionized at 304.67 nm. The
frequency of the laser is scanned over 0.5 cm-1 in order to cover
the entire Doppler profile of iodine atoms. Thet-C4H9 fragment
is also ionized efficiently in the 277- and 304-nm regions,
presumably via a (1+ 1) REMPI process.28 Two wavelengths
of 277.70 and 304.40 nm are used to probe thet-C4H9 radical
and are comparable to those of iodine atoms. In order to
eliminate any interference by clusters, the time delay between
the pulsed valve and the laser is controlled so as to photolyze
only the leading edge of the molecular beam.
A time-of-flight mass spectrometer (TOFMS) is based on a

design using single-stage acceleration. An extraction region of
the TOFMS consists of a repeller plate with a 2-mm hole,
through which the molecular beams pass to the reaction region,
and a ground plate with 78% transmissive mesh (Buckbee-Mear,
200 lines/in.). The reaction zone is located 10 cm downstream
from the valve. After ionization, the photofragment ions are
accelerated along the molecular beam axis into the field-free
region of the TOFMS and then projected onto a microchannel
plate (MCP) backed by a phosphor screen (Galileo Electro-Optic
Corp., 3040FM). A high-voltage pulse (-600 V in height and
1 µs in duration) is applied to the front plate of the MCP in
order to increase the signal gain from a particular mass of
interest. This process enables one to screen out the signals
produced from the scattering of laser light and background ions
with different masses. A transient screen image is recorded by
using a CCD camera (Photometrics, CH250, 512× 512) and
is compiled for several thousand laser shots. Background noise
is removed by subtracting the image collected with the laser
tuned off-resonance under the same conditions.

III. Results

A. Relative Quantum Yields. Photoexcitation oft-C4H9I
in the A band results in fission of the C-I bond. Two channels
of the dissociation are represented by

The branching ratio of I* to I is proportional to the ion signal
ratio by

whereS(i) refers the measured intensity of speciesi, N(i) is the
number of ith fragment atoms, andk is the proportionality
constant. Thek values are obtained from I2 under the same
experimental conditions, since its photodissociation is known
to produce equal amounts ofN(I) and N(I*) in the 277- and
304-nm regions.29 Ion signals of the two channels are measured

using the REMPI technique at 277 and 304 nm, and the
branching ratio is calculated using eq 2. From the branching
ratio, relative quantum yields ofΦ(I) andΦ(I*) are determined
from the relations

TheΦ(I) are 0.93( 0.03 at 277 nm and 0.92( 0.04 at 304
nm, indicating a predominant production of the ground state
iodine atoms at both wavelengths.
B. Ground State Iodine Atoms from t-C4H9I Photolysis.

Figure 1 shows the raw images of an I atom at 277 and 304
nm. The 277-nm image in Figure 1a displays a cone shape,
which is different from the typical polar-cap appearance of
photofragment images of CH3I7 and CF3I.12 This difference
may be interpreted in terms of the presence of an additional
dissociation path with a low translational energy and weak
anisotropy as well as the normal path of alkyl iodides with high
kinetic energy and strong anisotropy. The 304-nm image in
Figure 1b appears to be similar to that at 277 nm, which
demonstrates that photoexcitation to excited states and subse-
quent dissociation dynamics are not greatly different at these
two wavelengths.
A full three-dimensional (3-D) velocity distribution is recon-

structed from the two-dimensional (2-D) velocity projection by
using an inverse Abel transformation.30 Due to the cylindrical
symmetry of the velocity distribution, every planar slice
containing the symmetry axis is equivalent and can be repre-
sented as a 2-D function ofVx and Vy, i.e., the velocity
perpendicular and parallel to the laser polarization, respectively.
These contour maps,P(Vx,Vy)’s, are shown in Figure 2.
Although there is the blurring effect resulting from the cylindri-
cal overlapping geometry between the laser and molecular
beams, the slow moving components are found to exist
evidently.
By integrating the 3-D velocity distribution over all angles

at each speed, we obtain the speed distributionP(V). This speed
distribution is readily transformed into a total center-of-mass
translational energy distributionP(Et) using the equation

The dotted line in Figure 3 represents observedP(Et). Two
kinetic energy components clearly appear in theP(Et): one is
the sharply rising component near 0 kcal/mol, and the other is
a broad distribution with a peak around 24 kcal/mol. From this
distribution shape, it is reasonable to say that the former has a
Maxwell-Boltzmann distribution and the latter a Gaussian. In
practice, the two components are not sufficient to fit into the
observedP(Et). Thus, the distribution function is assumed to
consist of one Maxwell-Bolzmann distribution at low kinetic
energy and two Gaussians at higher values. This function is
expressed by the equation

whereCi is the coefficient for theith term contribution,k the
Boltzmann constant,T the temperature of the Boltzmann
distribution,Ei° the peak energy of the Gaussian distribution,
and∆Ei the fwhm. The observedP(Et) is well demonstrated
by the simulation using eq 5. The average translational energy,
〈Et〉, of each component is calculated from the fitting function
and is then corrected to compensate the blurring effect of the
line source by the simulation study. The available energy,Eavl,

Φ(I) )
N(I)

N(I*) + N(I)
and Φ(I*) ) 1- Φ(I) (3)
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and the average internal energy of thet-C4H9 radical,〈Eint〉, are
determined from the energy conservation relationships

whereEhν is the photon energy,D0° the dissociation energy of
the C-I bond at 0 K, andEintP the internal energy of the parent
molecule. TheD0° (51.0 kcal/mol) is obtained by subtracting
the thermal energy13 from the bond dissociation energy31 at 298
K. The EintP is assumed to be zero because of the use of a
supersonic molecular beam. The values of〈Et〉 and 〈Eint〉/Eavl
are listed in Table 1 together with the relative contribution of
each component.
Angular distributionP(θ) is obtained by integrating the

P(Vx,Vy) over all speeds at constant angles, whereθ ) tan-1(Vx/
Vy) and is the angle between the laser polarization and the recoil
velocity of the fragment. TheP(θ) for each component is
extracted from above the half-maximum of each fitting function
in the speed region and is fitted into the standard formula32

whereâ is the anisotropy parameter, andP2(cosθ) the second-
order Legendre polynomial. Angular distributions of the three
components at 277 nm are displayed in Figure 4. The
anisotropy parameters obtained are corrected to compensate the
blurring of the line source and are listed in Table 1. It is found
that the Gaussian distributions are much larger anisotropies than
the Boltzmann and the high-Et Gaussian is slightly larger than
the low-Et.
C. tert-Butyl Radical from t-C4H9I Photolysis. Images of

t-C4H9 fragments are also observed at 277 and 304 nm in order
to support the results obtained from I atoms. Translational
energy distributions are obtained using the analytical method
described above and are displayed in Figure 5. Since the
quantum yields of I are larger than the value of 0.9,t-C4H9

fragments are mainly produced via the I formation channel,
which provides the opportunity to cross-check the results of I

Figure 1. Raw images observed at two different wavelengths for the ground state of an iodine atom fromt-C4H9I photolysis: (a) at 277.87 nm and
(b) at 304.67 nm. The polarization vector of the laser is oriented vertically.

Figure 2. Product velocity contour maps for the I fragments produced
by t-C4H9I photodissociation at (a) 277.87 and (b) 304.67 nm. Thex-
andy-axes correspond to velocity perpendicular and parallel to the laser
polarization, respectively.

Eavl ) Ehν - D0° + Eint
P and 〈Eint〉 ) Eavl - 〈Et〉 (6)

P(θ) ∝ [1 + âP2(cosθ)] (7)
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atoms with that oft-C4H9 radicals on the basis of the momentum
conservation law. The average translational energy and ani-
sotropy parameter of each component are nearly the same in
the two fragments, which implies that the three components in
Figure 3 result from the dissociation channel of the I+ t-C4H9

formation predominantly. However, the relative contributions
of the three components disagree in the two cases. This
discrepancy can be interpreted by the fact that thet-C4H9

fragments have a particular vibrational state distribution and
resultant different MPI efficiency with variation of their
translational energy at a given photon energy, while the detection
efficiency of I atoms is constant throughout.

IV. Discussion

Relative quantum yields among possible reaction channels
give valuable information about initial photoexcitations and the
consequent dissociation dynamics. The relative quantum yield

of the I channel,Φ(I), has been obtained and found to be 0.93
at 277 nm. According to MCD,23 the 3Q0 and 3Q1 states
contribute only to the absorption cross section at 277 nm, where
their contributions are 78 and 22%, respectively. Since the3Q0

Figure 3. Total translational energy distribution,P(Et), obtained from
the I fragments int-C4H9I photodissociation at (a) 277 and (b) 304
nm. Dashed lines (---) show the best-fitting lines assuming one
Boltzmann function for the low-energy component and two Gaussian
functions at higher energy. The solid line (s) is a sum of the three
simulated distributions and the dotted line (‚‚‚) represents the experi-
mental result. The vertical bars represent uncertainty limits at the
average energies of the three components, estimated by the separate
analysis of the upper and lower parts of the image.

TABLE 1: Energy Partitionings, Average Anisotropy
Parameters, and Relative Contributions for the Three
Components in thet-C4H9 + I( 2P3/2) Channela

wavelength (nm) 〈Et〉b 〈Eint〉/Eavl 〈â〉c relative contribution

277.87 4.2 0.92 0.8 0.15
9.3 0.82 1.4 0.22
24 0.54 1.5 0.63

304.67 2.8 0.93 0.7 0.11
7.2 0.83 1.3 0.17
21 0.51 1.6 0.72

a Energies are kcal/mol.b Average translational energy of each
simulated function in Figure 3.c Average anisotropy parameter was
determined at the region above the half-maximum of each fitting
function.

Figure 4. Angular distributions for the three components in theP(Et)
of I photofragments at 277 nm; (a) Boltzmann, (b) low-Et Gaussian,
and (c) high-Et Gaussian components of Figure 3a.

Figure 5. Total translational energy distribution,P(Et), obtained from
the t-C4H9 fragment int-C4H9I photodissociation at (a) 277 and (b)
304 nm. Dashed lines (---) show the best-fitting lines assuming one
Boltzmann function for the low-energy component and two Gaussian
functions for high energy. The solid line (s) is a sum of the three
simulated distributions, and the dotted line (‚‚‚) represents the
experimental result. The vertical bars represent uncertainty limits at
the average energies of the three components, estimated by the separate
analysis of the upper and lower parts of the image.
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and3Q1 states are diabatically related to the products oft-C4H9

+ I* and t-C4H9 + I, the highΦ(I) should have originated from
the initial transition to the3Q1 state. If this is correct, the angular
distribution for I fragments must show the characteristic of
perpendicular transition. The observed parallel angular distribu-
tion prevents this interpretation. The surface crossing is induced
by nonadiabatic coupling between the excited3Q0 and1Q1 states
in alkyl iodide. The highΦ(I) is therefore interpreted as a result
of the3Q0 r N transitions, followed by the nonadiabatic curve
crossing predominantly from the3Q0 to the1Q1 state. The high
curve-crossing probability oft-C4H9I has been reported in earlier
studies, in which theΦ(I) values are found to be 0.97 at 248
nm.24,25

TheΦ(I) value at 304 nm has also been obtained and found
to be 0.92. According to the MCD, the3Q1 state is formed
substantially by perpendicular transition at 304 nm. Since the
3Q1 does not intersect any state, one would expect that the
relative quantum yields and angular distributions would reflect
the dissociation dynamics on the3Q1 PES. In contrast to the
prediction by the MCD, the excited PES has shown mostly the
parallel transition to the3Q0 state in our angular distribution. A
similar case has been found in the CF3I system, in which the
absorption at 308 nm, predicted to be exclusively the3Q1 r N
transition by the MCD, has shown a substantial contribution
from the 3Q0 r N transition.10 The highΦ(I) at 304 nm
consequently suggests that the dissociation dynamics mainly
follow the 3Q0 transition and subsequently nonadiabatic transi-
tion to the1Q1 state as well as 277 nm.
The curve-crossing probabilities have been reported for

various alkyl and substituted-alkyl iodides at 248 nm and have
been rationalized by the one-dimensional Landau-Zener model
with the impulsive energy disposal.25 In this picture, the high
curve-crossing probability oft-C4H9I has been explained with
the change of the position of the crossing point due to the great
electron donation to theR carbon: the crossing point is higher
in energy or/and closer to the initial excitation point than other
alkyl iodides. Since our high positive anisotropy parameter of
I atoms at 304 nm shows the excitation to the3Q0 state followed
by the curve crossing to the1Q1 state, the crossing point energy
is lower than the 304-nm photon energy. If only the parallel
transition to the3Q0 state occurs, theΦ(I) value is expected to
increase in the above model by lowering the excitation energy
into the crossing-point energy. However, this expected change
has appeared neither in a literature value 0.97 at 248 nm nor in
our quantum yields, 0.93 at 277 nm and 0.92 at 304 nm. This
failure should be attributed to the fact that the dissociation of
t-C4H9I is no longer described by the one-dimensional impulsive
breaking of the C-I bond and the Landau-Zener theory. In
fact, Personet al.11 have experimentally observed this kind of
failure from the branching ratio change in the CF3I photodis-
sociation with variation of temperature of the parent molecule.
They have shown that an excitation of e-symmetry bending
vibration, which distorts the molecules out ofC3V symmetry,
induces the nonadiabatic transition due to the multidimensional
nature of the coupling. The bending motions have been
observed in the resonance Raman spectra of photodissociating
alkyl iodides, and their contribution increases as the alkyl group
becomes bulkier and branches about anR-carbon. The high
nonadiabatic transition probability is therefore interpreted as an
effect of an extensive excitation of bending modes and their
couplings between the3Q0 and1Q1 states during the reaction.
Even if we are not as yet to ready, the relative contributions of
the three different dissociation channels and their nonadiabatic
coupling characteristics must be taken into consideration in order
to interpret the quantum yield variation according to the
wavelength.

Energy partitioning in the A-band photolysis of alkyl iodides
has been well understood in a direct dissociation framework
and usually shows a Gaussian distribution in their translational
energy distribution. In this work, we have found that two
Gaussian and one Maxwell-Boltzmann functions are required
to fit into the translational energy distributionsP(Et). Godwin
et al.13 have reported that an fwhm ofP(Et) of primary alkyl
iodide is similar irrespective of radical size, while an fwhm for
i-C3H7I is approximately twice as wide as that forn-C3H7I. From
the above, it is expected that an fwhm fort-C4H9I should be
broader than the primary and secondary iodides. Anomalously,
theP(Et) of t-C4H9I has shown a Maxwell-Boltzmann com-
ponent and two Gaussians. The Boltzmann is especially unusual
considering the prompt dissociation of the C-I bond in alkyl
iodide. No previous observations have reported that the energy
partitioning of alkyl iodide has the characteristic of redistributing
excess energy statistically. Three components can be identified
from their angular and energy distributions.
The anisotropy parameters of the three components show

stronger spatial anisotropy as the translational energy rises. The
variation is due to mixed transition with parallel and perpen-
dicular characters and the internal motions of an excited parent
molecule. Although it exists, the effect of the mixed transition
can be ignored due to the similar trend shown by variation
according to translational energy at the two excitation energies
and the two spin-orbit states of an iodine atom. The internal
motions are vibrational and rotational motions on excited PES
during dissociation. Up to date, there has been no simple model,
even classically, to evaluate the effect of vibrational motions
on the anisotropy parameter, because of its complexity. The
dependence ofâ on rotational motion is classically expressed
by the formula34

whereâ0 is the anisotropy parameter without rotational motion,
P2(cosR) the second-order Legendre polynomial,ω the angular
velocity,τ the lifetime of the parent, andR the deflection angle
between the dissociation axis and the center-of-mass recoil
velocity vector due to rotational motion. The angular velocity
is determined fromIω2 ) kT, whereI is two large and equal
moments of inertia oft-C4H9I andT is the rotational temperature
estimated to be 50 K. If the anisotropy parameter results solely
from a parallel transition with no vibrational motion,i.e., â0 )
2, the calculated upper limit of lifetimes for the three I channel
components at 277 nm are 2.0, 0.90, and 0.85 ps in ascending
order of kinetic energy, respectively. These indicate that the
lifetime of the Boltzmann component is about 2 times longer
than those of the Gaussians. Although this assumption is
somewhat oversimplified since the bending motion int-C4H9I
photodissociation has been observed directly, it serves to give
some insights into the three dissociation paths from their
lifetimes. The two Gaussian components have shorter dissocia-
tion times than that of the Boltzmann; therefore they dissociate
along a more repulsive coordinate.
The high-Et Gaussian component, which contributed most,

may be interpreted in terms of the classical impulsive model
that has been used successfully for other alkyl iodide systems.
In this model, a prompt dissociation assumption is made for
along the C-I bond. Two models of this kind have been
proposed by Riley and Wilson,34 which represent two limiting
cases: (1) the rigid radical limit, in which the alkyl radical is
assumed to recoil as a rigid body so that only rotational
excitation can occur, and (2) the soft radical limit, in which an
R-carbon atom is assumed to be so weakly attached to the rest

â ) â0

P2(cosR) + ω2τ2 - 3ωτ sinR cosR

1+ 4ω2τ2
(8)
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of the alkyl radical that the C-I bond is broken quickly and
then the kinetic energy of theR-carbon is redistributed into the
translational and internal energy of the alkyl radical with
conservation of energy and momentum. The〈Eint〉/Eavl values
calculated using the rigid and soft models are 0 and 0.72,
respectively. Our values of 0.54 and 0.51 at the two wave-
lengths for the high-Et component suggest the soft radical limit.
Consequently, the dynamics of the high-Et component may be
interpreted in terms of the direct dissociation along the C-I
stretching and may be expected to result in the high vibrational
excitations oft-C4H9 fragments due toC3V geometry.
A low-Et Gaussian component is also observed with its peak

around 9 kcal/mol at 277 nm and 7 kcal/mol at 304 nm,
respectively. Their〈Eint〉/Eavl values, 0.82 and 0.83, are larger
than the predicted value of 0.72 from the soft radical model.
Since the soft radical gives the maximum internal energy in
the impulsive model, the low-Et component cannot be explained
by the impulsive framework. The high-Et and low-Et Gaussian
components may be interpreted by the direct dissociation
through the3Q1 state and curve-crossed dissociation from the
3Q0 to 1Q1 state. However, it is inconsistent with the parallel
anisotropy for these two components and energy differences of
the two Gaussian peaks,ca.15 kcal/mol, which is too large to
result from the two paths. This suggests a possibility that I
atoms are produced from impurities containing an iodine atom
and from other reactions int-C4H9I except for the dissociation
reaction producing I andt-C4H9. The possibility has also been
excluded by observing two corresponding Gaussian components
in P(Et) obtained from at-C4H9 probe. Recent detailed
experimental and theoretical reinvestigations of CH3I photo-
dissociation have provided strong evidence of some multidi-
mensional character; that is, a dissociation coordinate is not due
solely to the C-I stretching mode. Bend-stretch combination
bands are also observed in the photodissociations of C2H5I,
i-C3H7I andt-C4H9I using resonance Raman emission, as is the
fact that the bending motions relative to the C-I stretch mode
increased as the alkyl group become heavier and more branched.22

The 266-nm Raman spectrum oft-C4H9I, with the strongest
multidimensional character among the alkyl iodides, shows a
nominal “bending” fundamental (ν8) and a nominal CCH bend
fundamental (ν5) plus C-I stretch combination progressions,
as well as the nominal C-I stretching fundamental (ν7) and
overtones. It is reasonable therefore to presume that the low-
Et Gaussian component results from a repulsive PES initially
along the dissociation coordinate with the C-I stretch and the
bend modes.
The Boltzmann component with the smallest translational

energy may result from indirect dissociation on excited PES or
unimolecular decay as a consequence of a radiationless transition
to a hot ground state. To confirm the reaction route, the
Boltzmann distribution is fitted into the equation

wheres is the number of effective vibrational modes in RRK
formulation.35 A value ofs= 15 is obtained, which indicates
a partial randomization of excess energy considering the total
number of vibrational modes oft-C4H9I, 36. Since the
unimolecular decay is generally accompanied by intramolecular
vibrational relaxation, the partial randomization does not arise
from the hot ground state. This is consistent with the observa-
tion that the Boltzmann component displays on the I* fragment
image. Consequently, the Boltzmann distribution may be
attributed to indirect dissociation along an initially bound
reaction coordinate on excited PES, probably due to the large
contribution of the bending motions.

Photon energy effects on dissociation dynamics give insight
into the character of the multidimensional PES due to the change
of the initially accessible regions. Contribution of the high-Et
Gaussian is higher at 304 than at 277 nm, which indicates that
the dissociation dynamics has a greater multidimensional
character as excess energy increases. The feature implies that
the changes in the dissociation coordinates occur according to
the excitation energy and that energy barriers may exist along
the coordinates.
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