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Photodissociation oftert-Butyl lodide at 277 and 304 nm: Evidence for Direct and Indirect
Dissociation in A-Band Photolysis of Alkyl lodide
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The photodissociation dfC,Hgl has been studied at 277 and 304 nm in a supersonic molecular beam. The
fragments (I and-C4Hg 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 alefig the C
stretching mode for the high-energy component, (2) the repulsive mode along-thstr€tching, 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
1(?P3p0) at 277 and 304 nm have been determined and found to betd®B83 and 0.92t 0.04, respectively.
Experiments have shown thatC4Hgl has the highest curve-crossing probability from @ to 'Q; 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 dynamics and are well supported by theoretical calculatfs
using a multidimensional potential energy surface (PES). Mode-
specific information on this multidimensional dissociation has
been obtained from emission spectroscopy of dissociating alkyl

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 "~ s ) o
two decadeé.‘l)é Excitationpof)':he A bandg* — N transition, iodides,i.e., CHal, CzHsl, i-CgH7l, andt-CaHol, within a short

in the 210-350 nm range, results in the breaking of aic ~ Period,ca 10 fs2"2 Their emission spectra show that bend
bond to produce an alkyl radical in concert with either a spin- Strétch combination bands exist in addition to thelGtretch
excited state Py, atom (denoted 1*) or a ground stat@R,) fundamental and its overtone. The bending motions relative to
atom (denoted 1}:2 Three states from the* configuration, the stretch increase as the alkyl group becomes heavier and more
3Qy, 3Qo, and 1Q; states in Mulliken’s notation, are dipole branched. This suggests that a reaction coordinate of the
allowed from a ground state alkyl iodide. The 3Q, state photodissociation is a combination of the-Cstretch and bend
correlates with I* formation, with an associated dipole transition modes, rather than just the stretch.
moment lying parallel to the €I bond, while the’Q; and'Q, Photodissociation afC4Hsl is a good choice for confirmation
states correlate with | formation through perpendicular transi- of this multidimensional character, since the molecule gives a
tions. large perturbation to simple-@ repulsive dissociation due to
~ Some extensive studies on the photodissociation of alkyl its tertiary structure and compares well with @Hecause of
:;)gr'iggivgi"%gff_r; ?S?g‘:‘lég%‘%‘?'{o{'{ft_Phoemscﬂffyugf ?rr]‘g 'S jts C3, symmetry. According to magnetic circular dichroism

) . ! v 3 : (MCD) measurements, the A bandt®e€,Hql is excited into a
\Iflllbrgflzr:%l sFtiteh g;stgelz)éjrt]lo: ﬁ; mzsill;)’/l Sflrr?gemtehnetﬁ ﬁgﬁo—ciationdomramb‘) ; N tra?sitiﬂq ’EIcentéa{ed nez;: 2|70 nnr:j) 'andhtwo
dynamics can be relatively well confined within only an i)r\?v? :1rngork]1tighlfélr?grsg;slwings,ar;esgéctiv an. ?I'Cr?et erellr;titv:
umbrella modeys,, of the CXg, under the simplified assumption quantum yield for | production at 248 nm, 0.8%5 can be

of collinear pseudotriatomic dissociation due to prompt dis- explained by a high curve-crossing probability from fi

sociation and because of thég, geometry. Although earlier tate 1o thek Thouah it d tial distributi
experimenta1” and theoreticaf studies support this picture for ~ S‘a€ 10 Q. Though its energy and spatial distributions
| still need to characterize the degree of orientation in oriented

CHGal, some recent experimental findings are quite controversia
to this model. These are (1) the rotational excitdtidraround molecular beam&; they have not as yet been reported for the
the axis perpendicular to the Gkbp axis, (2) some excitatiohs A-band photolysis of-CsHl.

of the v1 symmetric stretching mode, and (3) the beginning of  In this paper, we report on the photodissociation dynamics
the v, bending motion after some elongation of the Kbhond3 of t-C4Hgl at 277 and 304 nm, utilizing a state-selective
These pieces of evidence represent the roles of other vibrationabhotofragment imaging techniq@i€12 Translational energy and
modes in addition to thes vibration in the dissociation  angular distributions are determined simultaneously for the |
andt-C4Ho fragments. It is found that their energy distributions

* Author to whom correspondence should be addressed. consist of one MaxwelBoltzmann and two Gaussian com-

T Present address: Division of Basic Science, Soongsil University, Seoul . . .
176-763. Korea. ponents. These components have been interpreted in the light

€ Abstract published irAdvance ACS Abstractéyugust 1, 1997. of the multidimensional PES. The relative quantum yields are
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also obtained in order to clarify the dissociation channels at using the REMPI technique at 277 and 304 nm, and the

the two wavelengths. branching ratio is calculated using eq 2. From the branching
ratio, relative quantum yields @b(l) and ®(I*) are determined
Il. Experiment from the relations
The experimental setup in this study has been described in N(I)
detail elsewheré?2? A mixture of 1% t-C4Hol (Aldrich () = and ®(I*) =1-o(1) (3)

Chemicals) seeded in He is injected into the reaction region N(1*) + N(1)

using a molecular beam valve, pulsed at 10 Hz with a duration The ®(l) are 0.93+ 0.03 at 277 nm and 0.92 0.04 at 304
time of .200 uslpulse. Photof_ragm_ent_s from_the ultraviolet nm, indicating a predominant production of the ground state
photolysis oft-C4Hgl are selectively ionized using resonance- iodine atoms at both wavelengths

enhanced multiphoton ionization (REMPI) within the same laser B. Ground State lodine Atoms from t-C4Hsl Photolysis.

pL_lIse. The laser Iight_(typi_cally SBJ/pulse, 0.1-(_:ml band- Figure 1 shows the raw images of an | atom at 277 and 304
width, and 10-ns duration) is produced by doubling the output L " The 277-nm image in Figure 1a displays a cone shape,
from a Nd:-YAG-pumped dye laser. In the 277-nm region, & \yhich is different from the typical polar-cap appearance of
wavelength of 277.87 nm is used to selectively ionize the | photofragment images of GH and CFl.12 This difference
e;]torrlls using a (& Il) REI\I/IPI_pr(I)cgss: Ir;the 3382;7[“ reg|o$h may be interpreted in terms of the presence of an additional
the | atoms are also selectively lonized at 304.67 nm. The yicqqciation path with a low translational energy and weak

frequency of the laser i.s scapngd over 0.5&in order to cover anisotropy as well as the normal path of alkyl iodides with high
the entire Doppler profile of iodine atoms. Th€4H, fragment kinetic energy and strong anisotropy. The 304-nm image in

is also ionized efficiently in the 277- and 304-nm regions, Figure 1b appears to be similar to that at 277 nm, which

i 8
presumably via a (3 1) REMPI proces$? Two wavelengths o onstrates that photoexcitation to excited states and subse-

of 577'70 and 30457'0 tnm”?re usefd. t?j.prob?ttﬁBHg lradu:gl ; guent dissociation dynamics are not greatly different at these
and are comparable to those of iodine atoms. In order 0 .. \yavelengths.

eliminate any interference by clusters, the time delay between A 1| three-dimensional (3-D) velocity distribution is recon-

the pulsed valve and the laser is controlled so as to photolyzeStructed from the two-dimensional (2-D) velocity projection by

onR/ @he Ie?(;lll'n?] edge of the molecular_rlc())e;'\r/rlws. is based using an inverse Abel transformatiéh.Due to the cylindrical
time-of-flight mass spectrometer ( ) is based on a symmetry of the velocity distribution, every planar slice

dhes'%’_nollif\'/lnsg smglt_a-stagfe accelelrlatlor:. An Q);]tractzlon regkl]or|1 of containing the symmetry axis is equivalent and can be repre-
the consists of a repeller plate with a 2-mm Nole, geniay a5 4 2-D function ofy and vy, i.e, the velocity

through which the mplecular beams_ pass to the reaction reglon'perpendicular and parallel to the laser polarization, respectively.
and a ground plate with 78% transmissive mesh (Buckbee-Mear,-I-hese contour mapsP(vxy)'s, are shown in Figure 2
X Uy) 9y .

200 lines/in.). The reaction zone is located 10 cm downstream Although there is the blurring effect resulting from the cylindri-

fromlthetvglv?. Af:ﬁr |on||zat|cin, tt?e photqfrggtmtatrr]lt '?n%?re cal overlapping geometry between the laser and molecular
accelerated along the molecuiar béam axis Into e NEd-Mee o 5y - the slow moving components are found to exist

region of the TOFMS and then projected onto a microchannel evidently
plate (MCP) backed by a phosphor screen (Galileo Electro-Optic ', integrating the 3-D velocity distribution over all angles

Corp., 3040FM). A high-voltage pulse-00 V in height and at each speed, we obtain the speed distribRi@h. This speed

1 ﬁs n dl_Jratlon) IS happl_led tlo th_e ffront plate O.f ﬂ;e MCP in fdistribution is readily transformed into a total center-of-mass
order to increase the signal gain from a particular mass of y.onqjational energy distributioR(E;) using the equation
interest. This process enables one to screen out the signals

produced from the scattering of laser light and background ions dv

with different masses. A transient screen image is recorded by P(E) = P(U)d_E,[ (4)
using a CCD camera (Photometrics, CH250, 51512) and

is compiled for several thousand laser shots. Background noiseThe dotted line in Figure 3 represents obser®¢H,). Two
is removed by subtracting the image collected with the laser kinetic energy components clearly appear in #{E): one is

tuned off-resonance under the same conditions. the sharply rising component near 0 kcal/mol, and the other is
a broad distribution with a peak around 24 kcal/mol. From this

lll. Results distribution shape, it is reasonable to say that the former has a
A. Relative Quantum Yields. Photoexcitation of-CsHl Maxwell—Boltzmann distribution and the latter a Gaussian. In
in the A band results in fission of the-@ bond. Two channels  Ppractice, the two components are not sufficient to fit into the
of the dissociation are represented by ObservedD(Et). ThUS, the distribution function is assumed to

consist of one MaxweltBolzmann distribution at low kinetic
t-C,Hgl — t-C,Hg + I*/1 (1) energy and two Gaussians at higher values. This function is

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

. 3 - E°\?
ratio by P(E) = C1\/E1 exp(— ;_ + ) G ex;{ _(E‘AE‘ ) ] (5)
N _ S() @ - '

NI S) whereC; is the coefficient for theth term contributionk the
Boltzmann constant,T the temperature of the Boltzmann

whereS(i) refers the measured intensity of spedids(i) is the distribution, E;° the peak energy of the Gaussian distribution,
number ofith fragment atoms, and is the proportionality and AE; the fwhm. The observeB(E;) is well demonstrated
constant. Thek values are obtained from uinder the same by the simulation using eq 5. The average translational energy,
experimental conditions, since its photodissociation is known [E{[] of each component is calculated from the fitting function
to produce equal amounts &1) and N(I*) in the 277- and and is then corrected to compensate the blurring effect of the
304-nm regiong? lon signals of the two channels are measured line source by the simulation study. The available enefgy,
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(a) 277 nm (b) 304 nm

00 02 04 06 08 1.0
Figure 1. Raw images observed at two different wavelengths for the ground state of an iodine atotviidsh photolysis: (a) at 277.87 nm and

(b) at 304.67 nm. The polarization vector of the laser is oriented vertically.

and the average internal energy of theé;Hg radical,[E[] are
determined from the energy conservation relationships (a)

E.i=E, — DS +E, and [E,[=E,, — E](®)

avl
wherekEy, is the photon energypo° the dissociation energy of

the C-1bond at 0 K, andE;,” the internal energy of the parent
molecule. TheDy® (51.0 kcal/mol) is obtained by subtracting

the thermal enerdy from the bond dissociation enerfgyat 298

K. The Ein” is assumed to be zero because of the use of a
supersonic molecular beam. The valuesmBfland [EjIEay

are listed in Table 1 together with the relative contribution of -z,

5{{0}3‘ X% 7/”’
'

each component. = ‘”” 0

Angular distribution P(0) is obtained by integrating the ) A 5 ° lsec\
P(vxvy) over all speeds at constant angles, whtere tan*(vy/ (’11/see ) A G
vy) and is the angle between the laser polarization and the recoil ' Ry, Ao

velocity of the fragment. Thd?(0) for each component is
extracted from above the half-maximum of each fitting function
in the speed region and is fitted into the standard forAula (b)

P(6) O [1 + BP,(coso)] (7

wheref is the anisotropy parameter, aRg{cosf) the second-
order Legendre polynomial. Angular distributions of the three
components at 277 nm are displayed in Figure 4. The

't"\k\y" 'I!,\ {\\\

anisotropy parameters obtained are corrected to compensate the

blurring of the line source and are listed in Table 1. Itis found ’{[ / "

that the Gaussian distributions are much larger anisotropies than , 0 'I[ /4 ‘ \‘

the Boltzmann and the higr Gaussian is slightly larger than ‘v‘\\.o,,u' ‘

the lowE;. <g,7 t'o.»“v/ l[["“ NN
C. tert-Butyl Radical from t-C4Hgl Photolysis. Images of %= =

t-C4Hg fragments are also observed at 277 and 304 nm in order iy) ‘
to support the results obtained from | atoms. Translational n
energy distributions are obtained using the analytical method

described above and are displayed in Figure 5. Since therjq,re 2. product velocity contour maps for the | fragments produced

quantum yields of | are larger than the value of G-&4Hy by t-C4Hsl photodissociation at (a) 277.87 and (b) 304.67 nm. ¥he

fragments are mainly produced via the | formation channel, andy-axes correspond to velocity perpendicular and parallel to the laser

which provides the opportunity to cross-check the results of | polarization, respectively.
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Translational Energy (kcal/mol) Figure 4. Angular distributions for the three components in B{&)

of | photofragments at 277 nm; (a) Boltzmann, (b) I&vGaussian,

Figure 3. Total translational energy distributioR(E;), obtained from and (c) highE; Gaussian components of Figure 3a.

the | fragments int-C4Hql 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 1.0 ‘& (2277 nm t-C,H
functions at higher energy. The solid line-) is a sum of the three i / 4
simulated distributions and the dotted line-) represents the experi- 0.8
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. 0.6+
TABLE 1: Energy Partitionings, Average Anisotropy = 0.4
Parameters, and Relative Contributions for the Three g ]
Components in thet-C4Hg + 1(2P32) Channek _g 0.2
wavelength (nm) [ED  [ExlE. [BO  relative contribution E .
277.87 4.2 0.92 0.8 0.15 E 001
9.3 0.82 1.4 0.22 8
24 0.54 15 0.63 g 1.0
304.67 2.8 0.93 0.7 0.11 54 ,
7.2 0.83 1.3 0.17 B 0.8
21 0.51 1.6 0.72 g ~ ]
aEnergies are kcal/moP.Average translational energy of each :2 0.6
simulated function in Figure 3.Average anisotropy parameter was .
determined at the region above the half-maximum of each fitting 0.4
function. ]
. . . 0.2
atoms with that of-C4Hg radicals on the basis of the momentum {1
conservation law. The average translational energy and ani- 004 ¢
sotropy parameter of each component are nearly the same in P T T S
the two fragments, which implies that the three components in 0 10 20 30 40 50
Figure 3 result from the dissociation channel of thi 1-C4Hg Translational Energy (kcal/mol)

formation predominantly. Ho_wever, the relative Contrlbutlons_ Figure 5. Total translational energy distributioR(E;), obtained from

OT the three compon_ents disagree in the two cases. Thisy,q t-C4Hy fragment int-C4Hql photodissociation at (a) 277 and (b)
discrepancy can be interpreted by the fact that tt&H, 304 nm. Dashed lines (--) show the best-fitting lines assuming one
fragments have a particular vibrational state distribution and Boltzmann function for the low-energy component and two Gaussian
resultant different MPI efficiency with variation of their functions for high energy. The solid line-§ is a sum of the three

translational energy at a given photon energy, while the detectionSimulated distributions, and the dotted line--Y represents the
efficiency of | atoms is constant throughout 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.
IV. Discussion
of the | channel®(l), has been obtained and found to be 0.93

Relative quantum yields among possible reaction channelsat 277 nm. According to MCB2 the 3Q, and 3Q; states
give valuable information about initial photoexcitations and the contribute only to the absorption cross section at 277 nm, where
consequent dissociation dynamics. The relative quantum yield their contributions are 78 and 22%, respectively. Sincé@he
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and3Q; states are diabatically related to the products ©fHs Energy partitioning in the A-band photolysis of alkyl iodides
+ I* and t-C4Hg + [, the high®(I) should have originated from  has been well understood in a direct dissociation framework
the initial transition to théQ state. If this is correct, the angular ~ and usually shows a Gaussian distribution in their translational
distribution for | fragments must show the characteristic of energy distribution. In this work, we have found that two
perpendicular transition. The observed parallel angular distribu- Gaussian and one MaxwelBoltzmann functions are required
tion prevents this interpretation. The surface crossing is inducedto fit into the translational energy distributiof$E;). Godwin

by nonadiabatic coupling between the excit®d and!Q, states et all® have reported that an fwhm &f(E;) of primary alkyl

in alkyl iodide. The high®(l) is therefore interpreted as a result iodide is similar irrespective of radical size, while an fwhm for
of the3Qy — N transitions, followed by the nonadiabatic curve i-CsHl is approximately twice as wide as that feCsH71. From
crossing predominantly from tH#€), to theQ; state. The high  the above, it is expected that an fwhm te€,Hgl should be
curve-crossing probability afC4Hgl has been reported in earlier ~ broader than the primary and secondary iodides. Anomalously,
studies, in which theb(l) values are found to be 0.97 at 248 the P(Ey) of t-C4Hol has shown a MaxwetBoltzmann com-

nm 2425 ponent and two Gaussians. The Boltzmann is especially unusual

The d(l) value at 304 nm has also been obtained and found considering the prompt dissociation of the-Chond in alkyl
to be 0.92. According to the MCD, tH&); state is formed iodide. No previous observations have reported that the energy
substantially by perpendicular transition at 304 nm. Since the partitioning of alkyl ?OQide has the characteristic of redistributirjg
3Q, does not intersect any state, one would expect that the EXCESS energy statistically. Thre_e components can be identified
relative quantum yields and angular distributions would reflect from their angular and energy distributions.
the dissociation dynamics on t86; PES. In contrast to the The anisotropy parameters of the three components show
prediction by the MCD, the excited PES has shown mostly the stronger spatial anisotropy as the translational energy rises. The

parallel transition to th&Qo state in our angular distribution. A~ Variation is due to mixed transition with parallel and perpen-
similar case has been found in the £Bystem, in which the dicular characters and the internal motions of an excited parent

absorption at 308 nm, predicted to be exclusively¥Be— N molecule. Although it exists, the effect of the mixed transition
transition by the MCD, has shown a substantial contribution ¢ be ignored due to the similar trend shown by variation
from the 3Q, — N transitionl® The high ®(l) at 304 nm according to trqnslat!onal energy at the two excitation energies
consequently suggests that the dissociation dynamics mainlyand the two spirrorbit states of an iodine atom. The internal

follow the 3Q transition and subsequently nonadiabatic transi- motions are vibrational and rotational motions on excited PES
tion to thelQ, state as well as 277 nm during dissociation. Up to date, there has been no simple model,

. i even classically, to evaluate the effect of vibrational motions
The curve-crossing probabilities have been reported for

various alkyl and substituted-alkyl iodides at 248 nm and have ggggﬁdzglcsg t;gpgnpr?)rtg?oer:zlr’rfst?g# S|§ gglstssicc;;lr; ngslrgésg: ©
been rationalized by the one-dimensional LandZener model by the formul&*

with the impulsive energy dispos#. In this picture, the high

curve-crossing probability afC4Hgl has been explained with

the change of the position of the crossing point due to the great f=8
electron donation to the carbon: the crossing point is higher 0
in energy or/and closer to the initial excitation point than other

alkyl iodides. Since our high positive anisotropy parameter of \yherep, is the anisotropy parameter without rotational motion,

| atoms at 304 nm shows the excitation to #g state followed P,(cosa) the second-order Legendre polynomialthe angular

by the curve crossing to tH€ state, the crossing point energy  velocity,  the lifetime of the parent, and the deflection angle

is lower than the 304-nm photon energy. If only the parallel petween the dissociation axis and the center-of-mass recoil
transition to theQo state occurs, thé(l) value is expected to  velocity vector due to rotational motion. The angular velocity
increase in the above model by lowering the excitation energy s determined fromiw? = kT, wherel is two large and equal
into the crossing-point energy. However, this expected changemoments of inertia of-C;Hgl and T is the rotational temperature
has appeared neither in a literature value 0.97 at 248 nm nor inestimated to be 50 K. If the anisotropy parameter results solely
our quantum yields, 0.93 at 277 nm and 0.92 at 304 nm. This from a parallel transition with no vibrational motioe., o =
failure should be attributed to the fact that the dissociation of 2 the calculated upper limit of lifetimes for the three | channel
t-C4Hgl is no longer described by the one-dimensional impulsive components at 277 nm are 2.0, 0.90, and 0.85 ps in ascending
breaking of the €I bond and the LandatZener theory. In order of kinetic energy, respectively. These indicate that the
fact, Persoret al!! have experimentally observed this kind of  Jifetime of the Boltzmann component is about 2 times longer
failure from the branching ratio change in the {Lphotodis- than those of the Gaussians. Although this assumption is
sociation with variation of temperature of the parent molecule. somewhat oversimplified since the bending motiorn-iyHgl

They have shown that an excitation of e-symmetry bending photodissociation has been observed directly, it serves to give
vibration, which distorts the molecules out 6§, symmetry, some insights into the three dissociation paths from their
induces the nonadiabatic transition due to the multidimensional lifetimes. The two Gaussian components have shorter dissocia-
nature of the coupling. The bending motions have been tion times than that of the Boltzmann; therefore they dissociate
observed in the resonance Raman spectra of photodissociatingilong a more repulsive coordinate.

alkyl iodides, and their contribution increases as the alkyl group  The highE; Gaussian component, which contributed most,
becomes bulkier and branches aboutoanarbon. The high may be interpreted in terms of the classical impulsive model
nonadiabatic transition probability is therefore interpreted as an that has been used successfully for other alkyl iodide systems.
effect of an extensive excitation of bending modes and their In this model, a prompt dissociation assumption is made for
couplings between th#), and!Q, states during the reaction. along the G-1 bond. Two models of this kind have been
Even if we are not as yet to ready, the relative contributions of proposed by Riley and Wilsott,which represent two limiting

the three different dissociation channels and their nonadiabaticcases: (1) the rigid radical limit, in which the alkyl radical is
coupling characteristics must be taken into consideration in orderassumed to recoil as a rigid body so that only rotational
to interpret the quantum vyield variation according to the excitation can occur, and (2) the soft radical limit, in which an
wavelength. o-carbon atom is assumed to be so weakly attached to the rest

P,(cosa) + w?*r® — 3wt sino cosa
1+ 4o*?

(8)
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of the alkyl radical that the €1 bond is broken quickly and Photon energy effects on dissociation dynamics give insight
then the kinetic energy of the-carbon is redistributed into the  into the character of the multidimensional PES due to the change
translational and internal energy of the alkyl radical with of the initially accessible regions. Contribution of the high-
conservation of energy and momentum. TEg(/E,y values  Gaussian is higher at 304 than at 277 nm, which indicates that
calculated using the rigid and soft models are 0 and 0.72, the dissociation dynamics has a greater multidimensional
respectively. Our values of 0.54 and 0.51 at the two wave- character as excess energy increases. The feature implies that
lengths for the highe; component suggest the soft radical limit.  the changes in the dissociation coordinates occur according to

Consequently, the dynamics of the hiheomponent may be  he excitation energy and that energy barriers may exist along
interpreted in terms of the direct dissociation along thelC o <oordinates.

stretching and may be expected to result in the high vibrational
excitations oft-C4Ho fragments due t&€s, geometry.

A low-E; Gaussian component is also observed with its peak . . .
around 9 kcal/mol at 277 nm and 7 kcal/mol at 304 nm, Korea Research Founglanon for the support (in part) of this
respectively. TheifEn(ZEa values, 0.82 and 0.83, are larger '€séarch by the non-directed research fund, 3998, and
than the predicted value of 0.72 from the soft radical model. the Korea Science & Engineering Foundation by the Kerea
Since the soft radical gives the maximum internal energy in Geérmany Joint Research Project, 199899, and the Capital
the impulsive model, the loi& component cannot be explained Equipment Grant, 19951997. One of authors (W.K.K.) also
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