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The photodissociation dynamics of diiodomethane molecules has been investigated in the
wavelength range of 277-305 nm by an ion imaging spectrometer operated under optimal
conditions for velocity mapping, where the ions were generated Binl) multiphoton ionization

of 1(?Pg,) and F(2P,,) fragments with the same laser as that to dissociate the parent molecules.
The speed and angular distributions dfdnd | fragments were determined from the images. The
translational energy distribution of (>P,/,) fragment consists of a single Gaussian component
(namedG*), while that of I¢P5,) consists of two Gaussian componefitamedG1 andG2). It

was found that the componer@* and G2 show similar angular distributions and similar
fragmentation energy partitioning ratios, indicating that these two components originate from
dissociation at the same electronically excited state, while the comp@Gieigt from another state.
Three fragmentation pathways were employed to account for the experimental observations, the
adiabatic dissociation from theB} state to form IP5,) with componentG1, the adiabatic
dissociation from the B, state to form 1(?P,;,) with componentG*, and the nonadiabatic
dissociation from the B, state caused by coupling with the highek,2state to form 1€Pg,) with
componeniG2. © 2002 American Institute of Physic§DOI: 10.1063/1.150331]6

I. INTRODUCTION There are three possible dissociation channels ofl €H
in the UV region??
Small polyatomic molecules have been of interest for .2
studies of molecular spectroscopy and photodissociation dy- CHalo+hv— CH,l +17(“Pyy), @
namics for quite a long tlme..A Iot. of research vyork has been . CH,l +1(2Py), )
carried out on the photodissociation dynamics of mono-
halide molecules, such as the @hmnolecule'™* However, —CHy+ I, (3

relatively fewer investigations have been made on the di- ) ) . _ L
halide molecule&® mainly due to the fact that the two C—X The dominant dissociation process with UV excitation is the

(X=F, Cl, Br, and } bonds in these molecules make the fupture of the C—I bonds, i.e., chanrig) and/or channeg(2).

structure of the electronically excited states, and thus thfeIthoth channel(3) is energetically possible at wave-

spectra related to them, fairly complicated. Figure 1 show: ngths below 333. nm, Sghm|tt and. Corfibound f.rom .
. oo their flash photolysis experiment that is at most a minor dis-
the absorption spectrum of the smallest dihalide molecule

) . - $ociation pathway. Further studies by Koffend and Lébne
Chly, in the ultraviolet visible(UV) wavelength rangé.n and Cainet al* showed that the,lfragment could not be

contrast to that of iodomethane, which shows just a singlq rmed from two lowest excited statesB1 and 2B,, from
1

grlga}d bang at aroulnd dZGO nfm, tge agst:) rp;cjlon_ Epé‘c”“”.‘ ymmetry considerations. Early works using photofragment
2l can be convoluted into four broad band wit aUSSIarbpectroscopy of Kawasalet al® in the range of 265-304

profiles centered at 312, 288, 249, and 212°ffMAs pro- | 24 by Krogeet al22 at 266 nm, showed that the G

posed in Ref. 8, these four ban(iis correspond to transitionggjecule dissociates rapidly in the UV region compared to
from the electronic ground stak"A, to at least five elec- s rotational period to form the CiHradical and 1gPay,) or
tronically excited ;tates, wh|ch were gsagned Bs,12B,, I* (2P,;,) atoms, and suggested that the £fagment might
B2, 1A, and 2A; in order of increasing energy. The elec- pe highly internally excited. Subsequently, the vibrational
tronic structure of Clilz and its dissociation dynamiCS in the state distribution of C|2| was determined by Leone and co-
UV range have long been the SUZbIECt of interest, and havgorkers'***>employing the infrared fluorescence method at
remained unclear to some extént: photolysis wavelengths of 248 nm and 308 nm. The quantum
yield of I* (?P,,,) in the range of 247—367 nm was measured
- : - 5
dauthor to whom correspondence should be addressed. Electronic mailiSINg optoacousticdl and infrared ﬂuorescenjélé_ meth'_ _
sliu@ustc.edu.cn ods. It was concluded that the lowest electronic transition
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FIG. 1. Absorption spectrum of G molecule in gas
phase and its four deconvoluted Gaussian bands
(dashed linesin the range of 200—400 nm reported in
Ref. 7. The assignments are taken from Ref. 8. The
horizontal arrow indicates the photolysis wavelength
range of 277-305 nm in the present study.
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(1B;—X1A;) at A~312 nm yields only IfP5,) atoms, parallel to the detection axis. The atomic fragment&P)(,)
whereas the next higher transitiong2—X 'A;) atA\~288 and ¥ (?P,,,), were state-selectively ionized througk2a-1)

nm yields both 1(?P;,,) and I¢P3,) atoms. The nonunity resonance enhanced multiphoton ionization process by fo-
quantum yield of T (2P,/,) atA\~288 nm was interpreted by cusing the same UV laser withfd500 quartz lens. The gen-
Koffend and Leon¥ with a possible curve-crossing mecha- erated ions were extracted and accelerated by specially de-
nism between the initially excited®, state and other elec- signed electric fields, allowed to fly along the TOF tube with
tronic statés). More recently, Jungt al® studied the pho- length of 30 cm, and finally were detected by a position-
tofragment translational spectroscopy of £Hat 304 nm by  sensitive detector. The detector consists of a pair of micro-
detecting t (?Py,,) and I@P3),) atoms with a linear time-of- channel plate$MCP) coupled to a fast phosphor screen. The
flight (TOF) mass spectrometer, and obtained the fragmentaluorescence images from the phosphor screen were recorded
tion energy partitioning and the anisotropy parameters. by a cooled CCD camer@68x576 pixe), and outputted to

In this work, we used the ion velocity mapping tech- a personal computer for data acquisition.
nigue to study the photodissociation dynamics of,GHat The electric fields in our mass spectrometer were de-
several excitation wavelengths in the range of 277—-305 nnsigned to operate the experiment under ion imaging condi-
Such an experiment can measure the released translatiorians. The ion imaging technique, which was developed first
energy distributions and the angular distributions of frag-by Parkeret all”in 1988, was improved in 1997 to allow ion
ments with a relatively high resolution, and thus provide avelocity mapping:®*® During our experiment, the electric
deeper understanding of the dissociation mechanism in theoltages of the extraction and acceleration fields were ad-
UV region. Three different dissociation pathways, leading tojusted to reach optimal conditions for ion velocity focusing.
different translational energy distributions and different frag-A pulsed high electric voltage was applied to the MCP de-
mentation angular distributions for the product&l§,) and  tector(mass gateto selectively detect the desired ions and to
I* (?Py,), were observed. Possible dissociation mechanismensure a maximum gain for the selected ions. The time de-
were discussed based on the observations, and will be ekays between the pulsed value, the laser, the mass gate and
plained in detail in Sec. Ill. In Sec. Il we describe the ex-the CCD camera were controlled by two pulse generators
periment briefly, and in Sec. IV we present our conclusions(SR, DG535.

The wavelengths of the UV laser used for both photo-
dissociation and detection, were tuned to the two-
photon resonant transitions of iodine atosi.e.,

The basic experimental setup consists of a pulsed dyBp 2Pg,—— (3Po)6p[1ls, at \=277.86 nm, B2%P,
laser, a pulsed supersonic molecular beam, and a mass spee-—>(3P2)6p[l]3,2 at A=298.23 nm, and Pp?Py;,
trometer operated under ion imaging conditions. Briefly, the—— (°P,)6p[ 1], at A=303.69 nm for the KP,,) frag-
gas mixture with 10% of CH, (99.9% purity seeded in ments; and §2P,——(*D,)6p[1]1, at A=277.40 nm,
argon gas at a total pressure of 760 torr was injected into &p 2P,— — (*D,)6p[ 3]s, at A=281.73 nm, and B2P,,,
vacuum chamber through a pulsed val(@eneral Valve, — —(3P;)6p[1];,, at A\=304.03 nm for the*(?P,,,) frag-
#0.5) and a skimmer. The supersonically cooled /GHnol-  ments. During the experiment, the wavelength was scanned
ecules were dissociated by a linearly polarized tunable U\Vfepeatedly over the whole Doppler linewidth to excite the
laser, which was the frequency-doubled output of a dye lasdragments with different velocities. The intensity of the UV
(Lambda Physiks, LPD3002pumped by a XeCl excimer laser was maintained at 0.5 mJ/pulse to minimize the space
laser (Lambda Physiks, LPX200 During the experiment, charge effect between ionized fragments.
the polarization vector of the UV laser was set in a direction  During the experiment, a small amount of J8s0; was

Il. EXPERIMENT
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added to the liquid sample of GH, which is the reservoir
from which the CHI, vapor is generated, to eliminate the |
impurities contained. The static pressure in the photoioniza-
tion region was about 8 10" ° Pa, while the operating pres-
sure during the experiment were about 20”4 Pa.

Ill. RESULTS AND DISCUSSION
A. Translational energy distributions of fragments

Using the inverse Abel transform method, a full three-
dimensional (3D) fragmentation image could be recon-
structed from an observed two-dimensiof®D) image. Fig-
ure 2 displays the 3D images of the reconstructed recoil
distributions of excited*(?P,,,) atoms resulting from pho-
tolysis of jet-cooled CH, molecules at three different wave-
lengths as indicated in the images. Figure 3 shows the 3D
images of ground AP5,) atoms at another three different
wavelengths. In both figures, the polarization vector of the
photolysis laser is parallel to the vertical direction of the
image plane. It can be seen clearly that all of the images have
an angular distribution characteristic of a parallel transition,
and that the recoil speed distribution ofRz,) is much
broader than that of*?P,,,), indicating that the internal
energy distribution of the CHfl fragment from the I£Pg),)
channel is much more broad than that from th¢?P,,)
channel. The images recorded at two pairs of wavelengths,
304.03 and 303.69 nm, and 277.40 and 277.86 nm, can be
compared within each other to derive detailed information
bout the fragmentation mechanism, since from the point of
view of photodissociation the excitation energies at each of
these two pairs of laser wavelengths are essentially the same.

By integrating the reconstructed 3D velocity distribu-
tions over all angles for each speed, the speed distributions
of the two atomic fragments have been obtained, and have
been converted to translational energy distributions,
P(E;),which are related to the GHinternal energy by en-
ergy conservation. ThB(E,) distributions for ¥ (?P,,,) and
I(?P4,) fragments obtained at the studied wavelengths are
shown in Figs. 4 and 5, respectively. At each wavelength, the
P(E,) distribution for F(?P,,,) is indeed much narrower
than that for IfP3,). The former width at 304 nm is only
about 500 cm?, while the latter width at 304 nm is about
1300 cmL. The broadeiP(E,) distribution for 1%P3,) had
been also observed by Juagal®in their study of fragment
translational spectroscopy. However, due to the low resolu-
tion in translational energy using a normal TOF mass spec-
trometer, the structures in t E,) distribution could not be
resolved. As can be seen clearly from Figs. 4 and 5, the
P(E;) distributions obtained in this experiment consist of
more than two components. TheB¢E,) distributions have
been deconvoluted satisfactorily with several Gaussian func-
tions, and the deconvoluted results are showed in the figures
with dashed lines. The(E,) distributions of ¥ (>P,,,) con- (c)
sist of two components, a strong Gaussian component cen-
tered at about 1000 cm, and a quite weak component with
low translational energy. This strong component is named as

* ; ; ; ; ; FIG. 2. Inverse Abel transformed ion velocity mapping d&f(3P,,,)
componeniG™ for convenience in the following discussion. fragment formed in the photodissociation of giHat (a) 304.03 nm,

In contrast, the?(E,) distributions of IEP,) consist of four_ (b) 281.73 nm, andc) 277.40 nm. The electric field vector of the photolysis
components, two strong components centered, respectivelyser is parallel to the vertical direction of the image plane.
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303.69 nm

FIG. 3. Inverse Abel transformed ion velocity mapping &Hg,) fragment
formed in the photodissociation of GH at (a) 303.69 nm,(b) 298.23 nm,
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FIG. 4. Translational energy distributions for(FPy,) fragment from the
photodissociation of CHl, determined from the measured ion images at the
indicated photolysis wavelength. In each graph, the circle presents the ex-
perimental data, and the solid line represents the fitted result in terms of two
Gaussian function&lashed lineswhich are centered, respectively,-a800
and~1000 cn! (componeniG*).

at about 1000 and 1900 crh and two weak components
centered, respectively, at the lower and higher energy sides.
The two mainP(E,) components of RP5,) at 1000 and
1900 cm'! are named as componer@l andG2, respec-
tively. In the following part, the three componen&?, G1,

and G2, will be our main concern to obtain information
about the photodissociation mechanism of,GHnolecules,

and the other weak components will be discussed in the final
part of Sec. Il C.

The remarkable difference between tR€E,) distribu-
tions of F(°Py,,) and I¢P5,,) strongly suggests that the dis-
sociation pathways of CHi, leading to these two fragments
must be different. It seems that th&(fP,,,) fragment is

and(c) 277.86 nm. The electric field vector of the photolysis laser is parallelMainly produced from one dissociation chanffer compo-

to the vertical direction of the image plane.

nent G*), while the I@P3,) fragment is manly produced
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TABLE |. Partitioning of the available energy and anisotropy parameters in
the dissociation of CH, to form I* (2P, with P(E,) distribution compo-
nentG* and I@P3,) with componentsG1 andG2 at different photolysis

wavelengths. All the energies in the table are given in unit oftm

Wavelength

(nm)

Component

Ealvl.

(Er)

<Eint>

<Eint>/

EavI.

B

277.40
277.86
281.73
298.23

303.69
304.03

r, G*
I, G1
I, G2
r, G*
I, G1
I, G2
I, G1
I, G2
r, G*

10730
18 260
10170
15800

15200
7570

1900
2000

3420

2000
2000

3900
2000

3610

1900

8830
16 260
14840

8170
13800
11 900
13200
11 590

5670

82%
89%
81%

80%
87%
75%
87%
76%
75%

1.068)
1.6)
1.39)
1.8
0.95)
1.26)
1.16)
1.35)
183

I( 2P3/2)

A = 298.23 nm

energy of about 17 730 cm,” E;, the internal energy of
CH,l fragment, ande the total translational energy of GH
and 1¢P5,) fragments obtained from the translational en-
ergy of 1Py, based on momentum conservation. For the
dissociation channe(l) to form I*(?P,,) and CHl frag-

T ) ments,hv— D, should be subtracted by the spin—orbit split-
4000 %000 80 ing energy of iodine atom with the value of 7590 chto
yield E,,,. The values obtained for the most probable trans-
lational and internal energieé1) and(E;,), at all studied
wavelengths for the P(E;) distribution components,
G*, G1, andG2, are summarized in Table I. It can be seen
that the CHI fragment is produced with high internal exci-
tation, and that the energy partition rati¢g;)/E,,, are on
average about 80% at all the wavelengths studied. These
observations are generally in good agreement with previous
studiest*® and could be predicted reasonably using an im-
pulsive model for dissociation along a steep repulsive poten-
tial surface?°

It is interesting to notice that thE;,)/ E,, ratios of the

two P(E;) components of RP,) behave different. At both
277 nm and 304 nm, thiE€;,,)/ E,y ratios for componen®2
FIG. 5. Translational energy distributions foKy,) fragment from the of |(2p3/2) are quite closer to those for componedt of

photodissociation of Chli, determined from the measured ion images at the ,« /2 - .
indicated photolysis wavelengths. In each graph, the circle presents the e>|<- ( P1/2)’ while those for componenG1l have rEIatIVEIy

perimental data, and the solid line represents the fitted result in terms of fod@rger values. This difference suggests that the4p) frag-
Gaussian functiongdashed lineswhich are centered, respectively,-a800 ment with componenG2 may be produced from the same

cm ", ~1000 cni* (componentG1), ~1900 cm™* (componentG2), and  dissociation origin as the*[?Py,) fragment, while the
~3300 om* (componentG3). I(?P4,) fragment with componenG1 may be generated
3/
from another pathway. This assumption was confirmed fur-
ther by the following analysis of angular distributions for
from two different channel§or component$G1 andG2). A these thred(E,) components.
detailed analysis based on the energy partitionings and the
angular distributions related to the three main component
will be helpful to identify the dissociation mechanism of
CH,l, molecule. The fragmentation angular distributiét( 6,v) for a cer-
The partitionings of excess energy into the translationafain speecd could be obtained by collecting data from the
and internal degrees of freedom of the fragments after dissgoints with speed> at each angle in the reconstructed 3D
ciation were obtained by conservations of energy and movelocity distribution, whered is the angle between the laser
mentum. For the dissociation chanr(@) to form 1(?P5,)  polarization direction and the recoil velocity of the photo-
and CHl fragments, the total available enerd,,,;, can be fragment. It was found that there is no significant difference
expressed as of the P(6,v) distributions within each of the(E;) compo-
E.i=hv—Do=Ext Epp, @ nents, i.e., the fragments with various speeds in a single

P(E;) component have the same angular distribution. Figure
wherehv is the excitation photon energy,, the dissociation 6 shows the angular distributions &f(FP,,,) and 1¢P5,) at

Intensity (a.u.)

2000

Released Kinetic Energy (cm'1)
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Intensity (a.u.)
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B. Fragmentation angular distributions
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A~304 nm for speeds at the peak positions of the compog values of 0.55 for¥ (2P,,,) and 0.4 for I1€P5,) at 304 nm.
nents G*, G1, and G2, represented, respectively, by Our obtaineds values are relatively larger than previous
(G*), (G1), and G2) in the figure. Since th&(E;) com-  results. The difference may be due to the high resolution of
ponents do not overlap seriously with each other at theithe translational energies of (°P;;,) and I@P3y) in this
peak positions as seen from Figs. 4 and 5, the curves in Figsxperiment. The high resolution of the ion velocity mapping
6 can be viewed as representatives of the angular distribiechnique resolved the previously unobserved structures of
tions of the whole correspondirg(E;) components. the P(E,) distributions. The3 values in this experiment were
In order to estimate an anisotropy paramefiethe an-  obtained only for the maifP(E,;) components, i.e., compo-
gular distribution P(¢) has been fitted into the standard nentsG*, G1, andG2. As will be stated in the final part of
formula® Sec. Il C, since the other components of ¢E,) distribu-
P(6) 1+ BP,(cog 0)), (5)  tions of I (?Pyp) and IP3)) on the low energy side@nner
parts of the 3D imagesare less anisotropic, their contribu-
whereP,(cos()) is the second-order Legendre polynomial. tions will decrease thes values determined for the whole
The best-fitted(§) curves are shown in Fig. 6 with solid p(g,) distributions.
lines, and the obtaine® values are indicated in the corre- As seen from Table I, the interesting result we found is
sponding curves. Thg values at all the studied wavelengths that at both 304 nm and 277 nm, the corresponginglues
for the threeP(Et) Components are listed in Table I. of |(2P3/2) for ComponenGZ are close to those o‘f (2P1/2)1
Anisotropy parameter is important in describing the pho-pyt are different from those for the slower compon&it.
todissociation dynamics, its limiting values for linear mol- Recalling the values of energy partition ratios for the three
ecules aret+2 or —1 for the electronic transition dlpOle mo- P(Et) Components as discussed in Sec. |l A the behav|or,
ment u parallel or perpendlcular to the fragment recoil that the components2 andG* are characterized by similar
velocity V. As Kawasakiet al® pointed out, CHI, can be  anisotropy parameter and energy partition ratio at each pho-
treated as a triatomic molecule wit@i,, symmetry, and tolysis wavelength, confirms that the two channels producing
therefore the transition dipole moment lies parallel to the I-lthe |(2p,,,) fragment with componenG2 and F(%P,,)
direction for By—X *A; electronic transition, perpendicular fragment start from the same electronic state ofiGHvhile
to the I-C—Iplane forB,—X *A; transition, and at the bi- the dissociation pathway producingRs;) fragment with
secting direction of the4C—I angle forA; <X 'A; transi-  componentG1 starts from a different electronic state, be-

tion. Assuming the +C—I angle at electronically excited cause of its different anisotropy parameters and energy par-
states to be 113° as in Ref. 8, the angleetweenu andV tition ratios.

in each case should be 33.5°, 90°, and 56.5°, respectively.
Neglecting the lifetime of the electronically excited states,
the B values, given by3~ 2P,(cos)),?° for electronic tran-
sitions B;—X1A;, B,—X*A;, andA;—X A, should be The absorption spectrum of GH in the energy region
1.08, —1, and —0.08, respectively. Since th@ parameters below 50 000 cm® is shown in Fig. 1. The arrow represents
obtained in this study have positive and around unity valueshe excitation energy region in this study. The three broad
for all threeP(E;) components, the sign and magnitudeBof features in the spectrum have been deconvoluted into four
indicate that the dissociation of GH molecule should in- bands centered at 312, 288, 249, and 212"nmnsimple
volve B; electronic statg), and the dissociation rate of this molecular calculation by Kawasaki al® suggested that at
statds) should be very rapid compared to the rotational pedeast five electronically excited states be involved in the four
riod of the CHl, molecule. These speculations were alsobands which were assigned aB,1 2B, B,, 1A;, and 2A;
suggested by previous studre$:*? in order of increasing energy, and that BBgand 1A, states

In early photofragment angular distribution studies ofmight be unresolved in the 249 nm band. The symmetry
CH,l,, Kawasakiet al® and Krogeret al!? reported, respec- consideratiorfs!®131¢ indicated that the B; and 2A;
tively, at 310 nm and 266 nm th@ values of 0.9 for overall states correlate with the?R,,,) dissociation limit, while the
I* (2P4,,) and 3Py, fragments, while Jungt al’®reported  2B;, B,, and 1A, states correlate with thé (°P,;,) disso-

C. Dissociation mechanism
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ciation limit. Hunteret al1° and Koffendet al* have mea-

sured the relative yield of*(2P,,,) atoms as a function of sl 2N
photolysis wavelength. They concluded that the lowest elec-

tronic transition to the B, state at~312 nm yields I1¢P3,) 404 M

atoms only, whereas the next higher transition to tigy 2

state at~288 nm yields both RP3,) and F(?P,,) atoms, ”g 351 ZBﬁ
probably due to a curve-crossing mechanism between the & 1B1—A
2B, state and other stdg. 5 0r
In the present study, bothBl, and 2B, electronic states § 25| I+ CH,l
were excited due to the overlapping absorption in the exci- W 277 ~ 304 nm
tation wavelength region, while the states with higher ener- 20k
gies were excited very weakly. Therefore, it can be con-
cluded that the KP3,) atom with eitherP(E,) component 15}
G1 or G2, is the result of adiabatic dissociation at thg;1 7
electronic state, while the* (?P,,,) atom with component oL XA—
G* is produced from adiabatic dissociation at tH®, Zlec- distance CH,| - |

tronic state. As concluded from the analyses of fragmentation
energy partitionings and angular distributi0n§,H§,2) atom FIG. 7. Schematic energy diagram of the low-lying electronic states of

. : i« CHyl, correlating to the*(?Py;,) and I@P4,) products based on Refs. 8,
with P(Et) componentG2 is prOduced from the same dis 10, and 11 to illustrate the adiabatic and nonadiabatic dissociation pathways.

- . . . 2 .
sociation origin as the*(“Py;) atom, and it should be the The piock represents the excitation energy region studied in this experiment.
result of indirect dissociation from theB2 electronic state.

Therefore, totally three fragmentation pathways exist in the

present excitation energy region, i.e., adiabatic dissociatiopgtential energy surfacéPES of the 2B, state passes first
from the 1B, state to form I¢Py;) with componentG1,  along the dissociation path at short bond distance, and then
adiabatic dissociation from theB2 state to form T(Py,)  separates into two parts at the curve crossing region. It con-
with componeniG*, and nonadiabatic dissociation from the tinues to move on the PES of th&2 state, and finally leads
2B, state caused by curve crossing with other electronigo the I (2P,,,) atom with componenG*; the other moves
statds) of CH,l, to form I(*P;) with componeniG2. on the PES of the R&; state, leading to the 1P5;,) atom

The relative variation of the fP3,) intensities of com-  \ith componentG2. Since the wave packet separates at the
ponentsG1 andG2 with excitation energy also confirms the pjace close to the final stage of dissociation, the angular dis-
above dissociation mechanism. It can be seen from Fig. &ibution and energy partitioning of componés2 should be

that the 16P3) intensity of componenG1, compared with  similar to those of componei@* . These are what we have
that of componenG2, decreases with the excitation wave- pbserved in the experiment.

length. According to the dissociation mechanism discussed Besides the three maiR(E,) distribution components
above, the I{P3,) fragment with componen®1 is the di-  discussed above, there still exists three wB4E,) compo-
rect dissociation product form theB] state. Since the ab- nents to be discussed. The components, centered at 300—400
sorption of the B, state becomes weaker as the wavelengtlem™ in eachP(E,) distribution of F(?P,) and 1GPg),)
decreases, the excitation efficiency to tH&, ktate and thus  fragments in Figs. 4 and 5, correspond to the inner parts of
the intensity of componer®1 decreases. the 3D images in Figs. 2 and 3. It can be seen from the
Curve crossing is a common phenomenon in moleculafmages that these components are less anisotropic. By check-
photodissociation process. In recent studies of other alkyihg with the results of the CHil molecule at 277 nm, these
halides, such as CIBrCl and CBrC} molecules’>?*curve  components were confirmed to be real, and not to be experi-
crossings were also observed. Figure 7 shows the schematigental artifacts. We are not clear about the origins for these
correlation energy diagram of GH molecules based on components. Because of the low translational energies and
Refs. 8, 10, and 11 to illustrate the excitation—dissociatiorow anisotropy parameters for the components of tRB ()
process. The block in the figure represents the excitation erfragments, a possible explanation is that they are probably
ergy region in the present study. In this energy region, onlyproduced by dissociation from the electronic ground state of
1B, and 2B, states could be excited. The adiabatic dissociathe CH,l, molecule after internal conversion from the elec-
tion products from the B, and 2B, states are APgz,) and tronically excited state to the high vibrational levels of the
I*(?P,,,) atoms, respectively. As the highA2 state corre- electronic ground state. The third component centered at
lates with the IfP5,) dissociation limit, the nonadiabatic about 3000 cm?® in the P(E,) distribution of the 1€P5,)
dissociation from the B, electronic state, leading to?P3),) fragment in Fig. 5(named as componert3) is much
atom with P(E;) componentG2, should be the result of broader than the others. As shown in Fig. 6, its correspond-
curve crossing between theB2 and 2A; electronic states. ing 8 value at 303.69 nm was determined to be 1.95 which is
Since these two states are energetically far away from eacdkery close to the limiting value of-2 for linear molecules,
other, the curve crossing must occur at a region far from théndicating that the electronic transition associated to this
Franck—Condon excitation zone, i.e., near the exit of theomponent is parallel. A two-step dissociation mechanism
adiabatic dissociation path of theB2 state. From a wave proposed by Krogeet all? at 266 nm may be a possible
packet point of view, the initial wave packet created on theexplanation. That is, the GHfragment after formation ab-
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