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Abstract

Photodissociation dynamics of GBFClL (HCFC-141b) and CDGlat 205—209 nm have been studied by the photofragment velocity map imaging
technique. The velocity distributions and the anisotropy parameters of hydrogen atom and chlorine atom consist of fast and slow component
From these results, the photoexcitation of {CHCL at 205-209 nm is inferred to proceed via a mixture of the-AA” and A’ <— A’ transitions
for direct cleavage of the-&Cl bond, while via the A< A’ transition for direct cleavage of the-&l bond. The photodissociation of CDCI
proceeds mainly via the E- A, transition for the formation of Cl. The direct4D bond cleavage process is a minor channel and is attributable to
the Ay < A, transition. The photodissociation dynamics of,Ck and CFC} has also been investigated.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction The product yields from the photodissociation of §CHCh
at 193nm were reported under cold molecular beam condi-

The photochemistry of halocarbons has been placed in thigons: 0.15 for H and 0.85 for total of CR3/0) and CI (2P,
focus of attention since their ozone depletion potential in the2.5 kcal mot! above the ground stat)]. Atroom temperature,
stratosphere was recognizZdgR]. Continuing efforts have been the total quantum yield for Cl and Cbecomes unity due to dif-
made to clarify the mechanism of photochemical reactions irfierent Franck—Condon factdj@]. In the vibrationally mediated
the atmospherg3-5]. The studies on photodissociation pro- photodissociation, the angular anisotropy parameters for Cl and
cesses have also yielded benefits towards molecular dynamic@l* from the vibrationally hot parent molecules gy =3 or
Among hydrochlorofluorocarbons, GBFCL (HCFC-141b)is 4 at 235 nm are reported to be small positive values due to the
utilized as a replacement for CFOh the manufacturing process vibration-enhanced mixing of different electronic states upon
of closed-cell insulating foams and for CLCI,CI in a vari-  excitation[8].
ety of industrial processes. On the basis of the heat of reaction Similarly, the photodissociation dynamics of simpler chlo-
for CH3CFCb, the following photodissociation processes arerinated molecules, CHgJl CR,Cl, and CFC4, was studied by
plausible ataround 200 nm for production of H and Cl photofrag-several group$9—-17]. On the basis of the heat of reaction for

ments[6]: CHCIz, CRCI, and CFC4, the following processes are plausi-
| 2 1,15}

CH3CFCh — CH,CFCh +H, AH® = 107 kcal mott ble at around 200 nifi1,15]

1) CHCl3 — CClz +H, AH®° = 95kcal moi?! (4)
CHsCFCh — CH3CFCl+ CI/CI¥, CHCI3 — CHCl + CI/CI,  AH® = 76/78 kcal mol™*
AH® = 82/84 kcal mot™t (2a/2b) (5a/5b)
CH3CFClh — CH,CFCl+ Cl/CI* +H, CRCly — CRCl+ Cl/CI*, AH° = 83/85kcal mot!
AH° = 123/125 kcal moft (3a/3b) (6a/6b)

CFCk — CFCh + CI/CI*, AH° = 74/76 kcal mot™t
* Corresponding author. Tel.: +81 75 383 2572; fax: +81 75 383 2573.

E-mail address: kawasaki@moleng.kyoto-u.ac.jp (M. Kawasaki). (7al7b)
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The dissociation of CHGlat 193 nm under cold molecular beam where () is the normalized angular distribution of the
conditions was reported by Yang et @l1] and under collision- photofragment anélis the angle between the polarization vector
free conditions at room temperature by Brownsword €t4]. of the photolysis laser radiation and the fragment recoil velocity
The direct G-H bond rupture from an electronically excited state vector. B(cosb) is the second-order Legendre polynomial. For
was not observed. In the latter experiments, H atom formatiothe prompt dissociation, the anisotropy parameter can be written
was attributed to a two-photon process in which the secondargs

photolysis of the CHGClradicals follows the primary photolysis 2
processes (5a) and (5b). B = 2Py(cosy) =3 cos x -1, ()

_ Inthis work, we have reported the photodissociation dynamyhere y is the angle between the dissociation direction and the
ics of CHgCFCb, CDCk, CRCl, and CFC4 at 205-209 nm, transition dlpole directior[]21—231

measuring the translational energy and angular distributions of

the atomic photofragments with the velocity map imaging SPECY Results
troscopic technique. )

3.1. Formation of hydrogen atom and deuterium atom at

2. Experimental 205 nm

A Nd3*:YAG pumped dye laser (5ns, 10 Hz) was used. Dye3'”' CH;CFCl, _ .
laser frequencies tripled to 205.09 and 205.14 nm were used in_| e Photofragment image of hydrogen atoms shown in
the one-color pump-and-probe scheme to dissociate molecul&d- 12 is the equatorial slice through the 3D velocity distribu-
under supersonic molecualr beam condtions, and to ionize D ¢°N- The angular distribution is attributable mainly to the per-

H photofragments, respectively, by (2 + 1) resonance-enhanc&fndiCUlar optical transition. The center-of-mass translational
multiphoton ionization (REMPI) via the two-photon transitions energy distributionP(Et), and the anisotropy parametg(£r)

S, D « 12S. The 205 nm laser light0.2 mJ/pulse) was are shown irFig. 2a and b, respectively?(ET) becomes zero

generated by the mixing of the two laser beams at 615 angt 32 kcal mot®, which corresponds to the maximum available

308 nminaBBO crystal. Similarly, frequencies tripled to 207.06KIN€tic energy released @ H atom by one-photon in reaction

or 208.96 nm were used to dissociate molecules, and to ioniZd)- AS Shown inFig. 2a, P(E) can be fitted with two different

the Cl or CI atomic fragments by a (2 + 1) REMPI scheme via COMponents:

52P1 /2 < %P3y, and BPy /> < 2Py, respectively. The laser light P(ET) = aPa(ET) + bPa(E7), (10)

was focused with a leng£0.20m) on the pulsed molecular

beam of each compound. The position of the lens was adjustetherea andb are coefficients, and:(+ b) is unity. The higher

for the frequency tripled light (3) to avoid unexpected inter- energy component is represented by a Gaussian energy distri-

ference by the frequency doubled light(2 although these bution, Pg(ET), with an average energiET) =13 kcal mot?

laser lights were simultaneously introduced into the interactiorand a standard deviatian= 7 kcal mof1. The energy width is

region. The photofragments bw2vould be easily distinguish- 14 kcal mot2. The lower energy distribution is represented by

able from that by @ in ion images, because the electric vectorsa Maxwell-Boltzmann energy distributioRg (ET), with trans-

of 2w and 3v lights were perpendicular to each other. It shouldlational temperaturd = (4.8+ 0.4) x 103 K. The mixing ratio

be noted that there was no photofragment byukder our con- of 0.6+ 0.1 for the Gaussian distribution, is obtained by a

ditions. The samples were diluted.0% in Ar with the backing  best-fit method. These results are summarizethsie 1

pressure of 750 Torr. The temperature in the molecular beam The distribution of(ET) shown inFig. 2b consists of two

was estimated to be about 10 K from the rotational temperaturdifferent components. With use of the anisotropy parameters

of NO under similar conditions. for the Gaussian and Maxwell-Boltzmann energy distributions,
The atomicions, M, D* and CI', were detected by the veloc- Bg and g, the experimentally observes(ET) is fitted to the

ity map imaging techniqufl8]. Briefly, the ions were focused following equation:

onto a microchannel plate (MCP) mounted on the end of a flight

tube. Electrons ejected from the MCP hit a phosphor screerg(Et) = apcPe(ET) + bbe Pe(ET)

The image on the screen was recorded by a CCD camera and aPg(ET) + bPg(ET)

accumulated in a personal computer. The observed image wahe coefficients are taken as=0.6 andb=0.4 from the fit-

back-projected to reconstruct the three-dimensional (3D) veloaing parameters for the translational energy distribution. For a

ity distribution by a method similar to that used in computerizedMaxwell-Boltzmann energy distribution, an isotropic angular

tomography19,20] Then, the slice image of 3D velocity distri- distribution is expected due to the indirect dissociation process

bution was extracted to obtain an angular anisotropy parametegith a long lifetime of the parent moleculgg =0. By best-

B, by a least-squares fit of the slice to the angular distributiorfitting S(ET) to Eq.(11), we obtainegdg = — 0.6+ 0.2 (Table 2.

function:

(11)

3.1.2. CDCl3
1(6) = (1> (1 + BP2(cosp)), (8) Fig. 3as_hows_th§ 3Dslice ofth_e D p_hotofragment imag_e from
4r the photodissociation of CDglwhich givesP(ET) andB(ET) in
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gzzlt?ﬁ:tl parameters for Maxwell-Boltzmann and Gaussian distributions for the hydrogen or deuterium photofragments at 205 nm

Parent molecule Maxwell-Boltzmarty (ET) GaussiarPg(ET) Population of Gaussian componemnt,
T (x10°K) (ET) (kcal mot1) o (kcal mol1)

CH3CFCh 4.8+0.4 13 7 0.6:0.1

CDCl3 5.0+04 30 7 0.H0.1

o is a standard deviation in a Gaussian energy distribution.

Table 2 andgg =0. We obtaine@s = 0.6+ 0.1 for Clandsg =0.94+0.1
Angular anisotropy parameters for the Gaussian energy distribuigns) the for CI’ (Table 2.

one-photon photodissociation at 205—-209 nm

Parent molecule HorD Apap) CI" (?Py1) 3.2.2. CDCl3

CHsCFCh _0.6+0.2 0.6+0.1 0.9+ 0.1 The photofragment image of Cl from CD{LIs shown
CDCls 2.240.3 0.7+0.2 - in Fig. 3. The maximum possible translational energy
CRCl, - 11+01 1.4+0.1 released in the one-photon dissociation via reactions (5a)
CFCh - 0.3+£0.1 0301 and (5b) is 62kcalmott. As seen inFig. 6a, the distribu-

tion exceeds this maximum energy, indicating that some ClI
Fig. 4a and b. By the best-fit methoB(ET) is resolved intotwo  fragments are produced from a two-photon process. Thus,
parts:Pg(ET) with (ET) =30 ando =7 kcalmolt, andPg(E7r)  P(ET) up to Et =62 kcal mot? is fitted with two components.
with 7= (5.04 0.4) x 103 K. The mixing ratio for the Gaussian The best-fit values{ET)=32kcal mof?!, o=10kcal mot?,
distribution is 0.1 0.1 (Table 9, indicating that the direct C-D  T'=(7.040.6) x 10K, anda = 0.4+ 0.1 are obtainediable 3.
bond rupture is a minor process in the D atom formation. AsAlthough the contribution of the two-photon process is apprecia-
shown inFig. 4b, B(ET) increases from 0 to 1 withT. B for  ble, we will focus our discussion on the one-photon dissociation
the fast D atom is obtained to be 2:D.3 with use ofz=0.1  processes. For Cl iRig. 6b, B(ET) between 20-40 kcal mot

andgg =0. consists of two different componengg = 0.7+ 0.2 andsg = 0.
3.2. Formation of chlorine atoms at 207 and 209 nm 3.2.3. CF>Cl and CFCl3

Fig. 7 shows P(ET)s for Cl and Cl from CKCl, and
3.2.1. CH3CFCly CFCk. ThoseP(E7)s are best-fit with two different components:

Photofragment images of Cl and"Grom CHsCFCh are  p(kr) andPg(Er), neglecting contributions of the two-photon
shown inFig. 1b and c, respectively. The correspondf@t)s  processes that appear only at the higher energy region. The

are shown irFig. 5a and c. The maximum observed translationalanisotropy parameters and fitting parameters are summarized
energies correspond to the maximum available energies, 52 angl Tables 2 and Frespectively.

48 kcalmot 1, released in the one-photon dissociation via reac-

tions (2a) and (2b), respectively. As showrHig. 5a, P(ET) for 4. Discussion

Cl is decomposed into the Gaussian and Maxwell-Boltzmann

energy distributions. The mixing ratio for the Gaussian distribu<4. 1. Photodissociation of CH;CFCl, at 205-209 nm

tion, a, is calculated to be 0Z0.1. The same mixing ratio for

Cl" is obtained irFig. 5c. These fitting parameters are listed in 4.1.1. Formation of Cl and CI* atoms

Table 3Fig. 5 and d shows(Et) for Cland CI betweerEt =20 The A band of CHCFCL is broad in the UV region and
and 40 kcal mot?, which is best-fitted to Eq11)with a=0.7  assigned tothex{ < n) transition localized on the-@&l bonds.

Table 3
Best-fit parameters for the Maxwell-Boltzmann and Gaussian distributions of chlorine photofragments at 207—-209 nm
Parent molecule Photoflagment atom Maxwell-BoltzmBg(ET) GaussiarPg(ET) Population of Gaussian component,
T (x103K) (ET) (kcal mot1) o (kcalmol1)
CH3CFCh CI(?P3p) 7.0+£0.3 30 7 0.7 0.1
Cl" (3Pyp) 8.1+0.2 30 7 0.7 0.1
CDCl3 Cl 7.0+£0.6 32 10 0.4:0.1
cr - - - -
CRCl, Cl 7.1+0.6 30 7 0.8£0.1 (0.7)
cr 7.8+0.6 30 7 0.70.1(0.7)
CFCh Cl 8.1+0.2 35 7 0.4:0.1 (0.5)
cr 9.4+0.3 35 7 0.5£0.1 (0.6)

o is a standard deviation in a Gaussian energy distribution. Numbers in parentheses are the results of the 187 nm photodissocigtish in Ref.
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Fig. 1. Photofragment images of H, Cl and @toms from CHCFC, at 205,

0.0
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Relative intensity (arb. units)

0 10 20 30 40 50

Translational energy (kcal mol™")

Fig. 2. H atom formation from CECFCL at 205 nm. (a) Center-of-mass trans-
lational energy distribution?(Et). Eay is the maximum available energy in the
one-photon process for reactil). The broken and dotted curves are the best-
fitted Gaussian and Maxwell-Boltzmann distributions, respectivelyTSigle 1

for fitting parameters. The solid curve is a sum of the two distributions. (b) Angu-
lar anisotropy parameters. The solid curve is the best-fit distribution obtained
by Eqg.(11) with population of the Gaussian energy distributior,0.6.

[7,24]. The electronic transition dipolg,, is in-plane (A, wx or
jy) or out-of-plane (A, nz) in Cs symmetry with respect to the
C—C—F molecular plangux has an angle of 56with respect to
the C-Cl bond andvz has an angle of 34assuming that (a) the
transition is located on the €C—Cl moiety which retains the
structure of the ground state of GBFCL molecule, (b)wx is
along theC» axis of the C-C—CI, and (c)wy is perpendicular
to px. The out-of-planquz is along the direction between two
Cl atoms and perpendicular to tli® axis. The maximungz
value is calculated to be 1.06 for 4 A— A’ transition, assuming
the CC—Cl angle =112 [8,11]. The experimentally observed
B values of Cl and Cl from the direct cleavage processes are
0.6+ 0.1and 0.9t 0.1, respectivelyT{able 9. The present posi-
tive low B values may be attributable to the mixing of 4 A- A’
transition 8z = 1.06) with a A < A’ transition 8x =—0.06 or
By =—1).

According to Lauter et al[6], the A’ state correlates with
Cl at a large distance, while the’ Atate correlates with Cl
However, the preseng values for Cl and Cl are nearly the
same. These results indicate that (a) the two different states
couple to each other largely at the curve crossing and (b) the
internal quenching from Clto Cl occurs. Einfeld et al[8]
found that 8 values are 0.20 for Cl and 0.25 for ‘Cfrom
the 235 nm photodissociation of GHFCL pre-excited to three
and four quanta of €H methyl stretches. They explained their
results by the crossing between the two surfaces, which might

207 and 209 nm, respectively, are displayed as equatorial slices through thse affected by the initial vibration excitation of the alkyl group.

reconstructed three-dimensional distributions. The arrow shows the direction

the electric vector of the photolysis laser.

Bimilar effects are reported experimentally and theoretically for
CX3Y molecules[25-29] The preseng values (0.6-0.9) sug-
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(b)

Relative intensity (arb. units)

Translational energy (kcal mo]")

Fig. 4. D atom formation from CD@lat 205nm. (a) Center-of-mass trans-
lational energy distributionP(ET). Eay is the maximum available energy in
the one-photon process for reacti@r). The broken and dotted curves are the
best-fitted Gaussian and Maxwell-Boltzmann distributions, respectively. See
Table 1Ifor the fitting parameters. The solid curve is the sum of two distributions.
(b) Angular anisotropy parameters. The solid curve is the best-fit distribution
obtained by Eq(11) with ¢ =0.1.

of a H atom:
CH3CFCl— CH,CFCl+ H (12)
Fig. 3. Photofragmentimages of D and Cl atoms from Gf#ER05 and 207 nm, As described above, the A band of @EFCh is aSSigned toa

respectively, are displayed as equatorial slices through the reconstructed thra@ixture of the A «<— A" and A’ «<— A’ transitions. The direct C-H
dimensional distributions. The arrow shows the direction of the electric vectobond rupture is characterized by a negafivealue (- 0.6). For
of the photolysis laser. the XY plane-polarized and th@axis-polarized transitions, it is
usefulto use the addition theorem fer2 Legendre polynomials
gestthat the mixing of the potential surfaces atthe curve crossirgnd average over the azimuthal angle in theCEF plane for
is affected through vibration modes in the electronic excitedhe CH; group. This gives:
states.
forpy (P2(cosy)) = P2 (cos(%)) P>(cos ) (13)
4.1.2. Formation of hydrogen atom
_ The_re_areadlrect (prompt dissociation) and an |nd|r_ect (slovsllorMY (Py(COS X)) = P (cos(n </))> Pa(cosy)  (14)
dissociation) &H bond rupture processes, corresponding to the 2
Gaussian and Maxwell-Boltzmann energy distributions, respec- -
tively. Based on the fact that the mixing ratio for the Gaussiarforn, (P2(cosy)) = P2 (cos(—)) P>(cos ) (15)
distribution is 0.6-0.1 and the previously reported quantum 2
yield of the H formation is 0.15 at 193 nifY], the quan- wheregpisthe angle of EC—F andy is that of G-C—H. If ¢ and
tum vyields of the direct and indirect processes are estimate¢ are equal to the tetrahedral angle, then, ghealues for the
to be 0.09:0.01 and 0.06-0.01, respectively. Lauter et al. X, Y andZ polarization are 0,-1/3 and 1/3, respectivel30].
reported the quantum yield of the slow H atom at 193 nm isThe present result$E —0.640.2) indicate that the A~ A’
0.04[6]. Based on their interpretation, the indirect process foitransition iswy polarized in the €C—F molecular plane. As
the H atom formation is attributed to a sequential mechanismdescribed above, the’ A— A’ transition responsible to the direct
reactions (2a) and (2b) followed by the secondary formatiorformation of Cl and Cl could be polarized alongy .
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Fig. 6. Cl atom formation from CDGlat 207 nm. (a) Center-of-mass transla-

tional energy distributionP(ET). Eay is the maximum available energy in the

one-photon for reaction (5a). The broken and dotted curves are the best-fitted

Gaussian and Maxwell-Boltzmann distributions, respectively. Taéée 3for

Translational energy (kcal mol ™) the fitting parameters. The solid curve is a sum of the two distributions. The

unresolved area is a contribution of two-photon process. (b) Angular anisotropy

Fig. 5. Center-of-mass translational energy distributié!{sy), for (a) Cl, (¢)  parameters. The solid curve is the best-fit distribution obtained byiEywith

CI", and angular anisotropy parameter for (b) Cl, (dj @m CHCFCh a=0.4.

at 207 nm (CI) and 209 nm (Ol Eay is the maximum available energy for

reaction (2). In (a) and (c), the dashed and dotted curves are the best-fitted

Gaussian and Maxwell-Boltzmann distributions, respectively. Bege 3

for the fitting parameters. The solid curve is a sum of the two distribu-

tions. The solid curves in (b) and (d) are the best-fit distributions obtained 0.010

by Eq.(11)with a=0.7. 0.005

0.000

0.015

0.010

0.00

Relative intensity (arb. units)

0.015

4.2. Photodissociation of CDCl3 at 205-207 nm
0.005
4.2.1. Formation of Cl atom

The C3y symmetry of CDG demands that transitions
be polarized along the three-fold axis 1(A- A1) or in the
plane perpendicular to the three-fold axis<«EA1). If ¢ is 0005
the D-C—CI bond angle and the direction of dissociation is 0.000 .
assumed to be a-&l bond, then, for a A<« A; transition 0.015 k@ E,, = 55 keal
and prompt dissociatior = 2P»(cosy). For a E<— A4 transi- ooto b =™
tion, B =2Py(cosr/2))P,(cosy). The calculateg values with S ,,
¥ =108 are — 0.71 for the A < A1 transition, and 0.36 for 0005 | ol N

0.000
0.015

0.010

Relative intesity (arb. units)

CELEETT I T,

mol”

the E< A; transition[11]. Since the present value for Cl is O e s a0 60 o
0.7+ 0.2, the formation of Cl is attributed to the< A; tran- Translational energy (kcal mol™)
sition.

Yang et al.[11] reported the photodissociation of CHGlt Fig. 7. Center-of-mass translational energy distributions for (a) Cl, (bir@n

193 nm by photofragment translational spectroscopy, in whictf ¢!z and © Cl (@) Cl from CFCh at 207nm (CI) and 209 nm (O
vl denotes the maximum available energies for one-photon dissociation of

onIy one fast component of c.:hlo'rlne fragments. with 0 was reactiong6a)—(7b) The broken and dotted curves are the best-fitted Gaussian
observed. These results are in disagreement with ours. The regd Maxwell-Boltzmann distributions, respectively. Sable 3for the fitting
son for this disagreement is not clear. parameters. The solid curve is a sum of the two distributions.
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4.2.2. Formation of D atoms direct C-Cl bond rupture withg ~ 0.5 and two lower energy

Based onthe presentresults, the direebC@upture fromcold  ones with ~0.2. Their product ratio of the highest energy
CDCl inamolecular beamis characterizedby 2.2+ 0.3and  component is 0.5 for Cl and 0.6 for Gwhich are in agreement
is assigned mainly to thesA— A1 transition, in which the dipole  with our value, 0.4 0.1 for Cl and 0.5 0.1 for CI'. Felder
direction is parallel to the C-D axis and the maximgmalue is et al.[17] investigated the photodissociation process of GFCI
2. The present experiment shows that 90% of D atoms are formeat 193 nm by photofragment translational spectroscopy. They
from the indirect G-D bond rupture via a one-photon process.observed only the fast component of chlorine fragments with
Brownsword et al[13] reported the H atom formation from the g=0.74, which is above the theoretical upper limit. They tenta-
photodissociation of CHGlat 193 nm under room temperature tively attributed this discrepancy to a Jahn—Teller type distortion
condition. In their experiment, the H atom is produced fromof the electronically excited potential energy surface. The theo-
the secondary photodissociation of the Chiféldical. The sec- retical calculations of the potential energy surface of the GFCI
ondary photodissociation processes are likely enhanced becausectronic states may give further information on this problem.
of the adequate internal energy of the primary photofragment,
CHClp, under room temperature conditions, which may concead.4. Direct and indirect dissociation channels
the presence of the direct-®l rupture.

Recently, Takahashi and his coworkétg] have found in

4.3. Photodissociation of CF2Cly and CFCl3 at 207 and their vacuum ultraviolet laser-induced fluorescence experiments
209 nm of the photodissociation of GEl;, CFCk, CHFCh, CH,Cl»

and CHC} at 193 nm that (a) each translational energy distribu-
4.3.1. CF,Cl tion of the chlorine photofragments has the high and low energy

Since CECl, possessef’, symmetry, the maximungy components, and (b) the total quantum yield for Cl andi€l
value for direct G-Cl rupture is calculated to be 1.09 for thiie  unity. Theirresults suggestthat the low energy componentcomes
polarized transition that is perpendicular both to€hexisand  from the one-photon dissociation process of the parent molecule
the —C—F molecular plane, assuming that the-CI-Cl angle  and not from the secondary dissociation of vibrationally excited
is 113 in the ground state G, [16]. The preseng values of  radical fragments. Hence, it could be concluded thatin the photo-
Cl and CI from the direct rupture processes aret.0.1 and prepared parent molecules at around 200 nm the strong coupling
1.4+ 0.1, respectively, which are in good agreement with theof the Rydberg states with the vibrationally excited ground state
theoretical limit. Therefore, the observed direct@ rupture  causes the slow component of Cl and @lrough the indirect
may be assigned to the B— A1 transition. dissociation pati31].

Yen et al[15] reported the energy distributions afdalues The contribution of the direct dissociation process shows
of Cland CI from CR,Cl, at 187 nm. They resolved the energy a characteristic difference between two-chlorinated and three-
distribution into three components while we resolved into twochlorinated moleculesTéble 3. The a values of CHCFChL
components. Their product ratio of the highest energy compoand CFKCl, are 0.7-0.8, while those of CD£and CFC} are
nent is 0.7 both for Cl and €| which is in agreement with 0.4-0.5. In the photodissociation at 187 nm, Yen et[H5]
our values, 0.8 0.1 for Cl and 0.2 0.1 for CI . Their highest  reported that the product ratios of the highest translational energy
energy component is assigned to the direeCCbond rupture  components from CGICl, are 0.7 and those from CF{hre
with $=0.5 and two lower energy ones wih=0.2 and 0.1. 0.5-0.6. These results indicate that the number of Cl atoms in
However, theiB value of 0.5 is not in agreement with our values the molecular structure influences thealues. Zou et al[32]
of 1.1-1.4. The mixing of electronically excited potential energyreported the complicated dissociation dynamics of the GHBr
surfaces might occur at the shorter wavelength due to vibrationaadical compared with CyBr. Their Raman spectra are active
mode excitation. Baum et §L.6] investigated the photodissocia- not only in the C—Br stretch but in the Br—C—Br bending mode
tion process of C§Cl» at 193 nm by photofragment translational and combinations of these modes in ChHBsuggesting more
spectroscopy. They observed only one component of chlorinmultidimensional photodissociation pathways for Chiran
fragments withg = 0.65 and attributed the smallgvalue tothe  for CH,Br. From this it can be concluded that the contribution
rotation of the parent molecule. The reason for the lack of the@fthe simple direct dissociation pathway decreases with increas-

slower energy component in their results is not clear. ing the number of the &Cl bonds.
4.3.2. CFCl3 5. Conclusions
CFCk possesse€s, symmetry and the maximuis values
are —2/3 for the AL < A; transition and 1/3 for the E- Az Formation of chlorine atoms and hydrogen atoms from the

transition, assuming the tetrahedral structure in the ground stapghotodissociation of CECFChL and CDC} has been studied

of CFCk. Since the presen values for Cl and Clare pos- with use of one-color photofragment imaging spectroscopy.

itive (0.3), the direct &CI rupture is attributed to the prompt The velocity distributions of Cl atoms from GEBFCL at

dissociation via the E- A1 transition. 207-209 nm consist of fast and slow components. The fast one
Both energy distributions of Cl and Ophotofragments from comes from the direct -GCI rupture and is characterized by

CFCk at 187 nm reported by Yen et §L5] consisted of three the angular anisotropy parametgr: 0.6+ 0.1, while the slow

components: the highest energy component assigned to tltome comes from the indirect-Cl rupture via the hot parent
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molecule mechanism and is characterize@by0. The fastone  [9] M.E. Jacox, D.E. Milligan, J. Chem. Phys. 54 (1971) 3935.
accounts for 70% of the total Cl yield. The velocity distributions[10] Y. Matsumi, K. Tonokura, M. Kawasaki, G. Inoue, S. Satyapal, R.

of hydrogen atoms also have two different components. The fast _ Bersohn, J. Chem. Phys. 94 (1991) 2669.
11] X. Yang, P. Felder, J.R. Huber, Chem. Phys. 189 (1994) 127.

one is characterized by=—0.6+0.2, accounting for 70% of 15 g A Brownsword, M. Hillenkamp, T. Laurent, R.K. Vasta, H.R. Volpp,
the total hydrogen atom yield. From these results, the photoex- ~ ;. wolfrum, J. Chem. Phys. 106 (1997) 1359.

citation of CHsCFChL at 205-209 nm is inferred to proceed via a [13] R.A. Brownsword, M. Hillenkamp, T. Laurent, R.K. Vasta, H.-R. Volpp,
mixture of the A < A" and A’ < A’ transitions for direct cleav- J. Wolfrum, J. Phys. Chem. A 101 (1997) 5222.

age of the €Cl bond, while via the A< A’ transition for direct ~ [14] Z'Sggketa”i' K. Takahashi, Y. Matsumi, J. Phys. Chem. A 109 (2005)
cleavage of theQH bond. Ab_out the Cl atoms from CD_§;Ithe [15] M. Y.en, PM. Johnson, M.G. White, J. Chem. Phys. 99 (1993)
fast component is characterized ®y 0.7+ 0.2, accounting for 126.

40% of the total Cl yield. The angular distribution of the fast D [16] G. Baum, J.R. Huber, Chem. Phys. Lett. 203 (1993) 261.

atomis characterized /= 2.2+ 0.3, accounting for 10% ofthe [17] P. Felder, C. Demuth, Chem. Phys. Lett. 208 (1993) 21.

total D yield. From these results, the photoexcitation of GDC] [18] D-W. Chandler, P.L. Houston, J. Chem. Phys. 87 (1987) 1445.
[19] Y. Sato, Y. Matsumi, M. Kawasaki, K. Tsukiyama, R. Bersohn, J. Phys.

at 205-207 nm is inferred to proceed mainly via the-FA\1 Chem. 99 (1995) 16307.
transition for direct cleavage of the-Cl bond, while via the  [20] T.F. Budinger, G.T. Gullberg, IEEE Trans. Nucl. Sci. 21 (1974) 2.
A1 < A1 transition for direct cleavage of the-D bond. [21] R.N. Zare, Mol. Photochem. 4 (1972) 1.

[22] R. Bersohn, S.H. Lin, Adv. Chem. Phys. 55 (1969) 1915.
[23] G.E. Bush, K.R. Wilson, J. Chem. Phys. 56 (1972) 3626.
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