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The photodissociation dynamics of CBgClwas studied near 234 and 265 nm using a
two-dimensional photofragment ion imaging technique. Bromine fragments monitored in this study
were produced via direct dissociation of CBsCkepresented by CBrgh CCly+Br(?Py,)/
Br(?P3,). The branching ratio of BfP,;,) (denoted Bf)/Br(>Pg,) (denoted By showed strong
excitation energy dependence. The product quantum yields at two different excitation wavelengths
were ® 554 fBr*)=0.31+0.01 and® 545 ,o{Br*)=0.68+0.02, respectively. The speed and
angular distributions of Br and Br fragments were determined. Similar values gi234
nm)=—0.44 andB(265 nm=—0.47 for Br were observed, whil@ values for Bf were found to be
markedly different,3(234 nm=-0.34 andB(265 nm=1.43. The strong curve crossingQ;
—3Q,, and the angular distribution of Brsuggesting a typical perpendicular transition, were
observed at 234 nm photodissociation. X©99 American Institute of Physics.
[S0021-960699)02533-1

I. INTRODUCTION (CBr,Cl,, C,Clg, Br,, and CC}) and it was suggested that
two different excited states may be involved in the C&Br

Alkyl halide undergoes direct dissociation of the C—X
y . primary fragmentation proce$3CCl radicals were detected

(X=Cl, Br, 1) bond viac* «n transition of lone pair elec- ! ) !
trons of X at its first absorptiod-band'~3 Since the prop- in flash photolysis studies of CBrgIn the wavelength re-

erties related to the transition are preserved due to its shofion Of 160-200 nm and it was concluded that CCl is formed
dissociation time, the observed properties of the product¥'@ thl‘z unimolecular decomposition of vibrationally excited
(i.e., the vector quantities, internal energy distributions, andCl- In VUV photolysis experiments using H atom
branching ratios of various product statesflect the related Lyman-w (121.6 nm and Ar | resonance line&104.8 and
potential energy surface. 106.7 nm electronically excited CGlradicals in theA'B;
Atomic bromine exhibits a 40 times more powerful at- state were observed and GQA)+BrCl and CC}(A)
mospheric ozone depletion poten‘fiﬂhan a chlorine atOl’ﬁ. +Br+Cl product formation channels were propoééA ro-
In this regard, bromine containing compouni@sy., CHBr,  tatable quadrupole mass spectrometer experiment revealed
CDsBr, CR;Br, and CBrC}) have attracted a great deal of that after CBrCJ photoexcitation at 248 nm the primary dis-
attention among environmental scientists to investigate thgggjation process leads exclusively to ¢@hd B¥ prod-
enwrcg[\{gental impacts of these compounds in recenfcts. For this product channel an anisotropy parameter of
years. CBrCiI33 reveals its absorption maxima at 130, 180, _ 4+0.2 was obtained and it was proposed that the frag-
and 240 nrﬁl, and ltsA-ba}nd center near1240 nm, and a mentation process involves simple C—Br bond scisSibm.
large absorption cross section at even 280*hifwo peaks the 193 nm CBrGl photolysis using the same technique,

in the vacuum _uItravioIe(VL_JV) reg_ion were assigned to besides the CGH#Br product channel, the CéBr+Cl prod-
Rydberg transitions of atomic bromine. The CBy(A pre- uct channel formation was observed with a relative yield of

14 :
cursor of Br and CG| th_ere_fore, renders itself to be an Br: CI=7:3. Based on the measured product ansiotropy pa-
ideal system to study excitation energy dependence and tQ

. . . _rameters8=1.3 for Br andB=—0.2 for Cl, direct dissocia-
set up an excited potential surface related to photolysis Ol 'n mechanism was propos&i Additional Br fragments
the energy compared to GBr (Y=H, D, B of which

A-band absorption is centered near 200 nm. Gas-phase phfc())rmatlon from the unimolecular decay of the internally ex-

todecomposition studies of CBrCht 365 nm were carried cited CC}Br was also observed in the study. However, in the

out under static conditions using stable end-product analys'rg48 and 193 nm experiments direct distinction between Br
and Bi* fragments was not possible.

R—Br has shown many similarities with R—1 in its physi-
dpresent address: Electronics and Telecommunications Research InstituE:a| and chemical properties. The major differences between
Taeduck Science Town, Taejon 305-350, Korea. . L . .
YAuthor to whom correspondence should be addressed; electronic maiR_Br and R_l are the bond dissociation and_ spln_—o_rb|t cou-
khjung@hanbit.kaist.ac.kr pling energiesEgJ. Due to the larger bond dissociation en-
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therefore, serves in aiding the understanding of the curve
crossing phenomenon related to the replacemeryefH,
D, F to Cl.

In this work we report the photodissociation dynamics of
CBrCl; on photoexcitation energy dependencies utilizing the
photoimage technique coupled with resonance enhanced
multiphoton ionizationREMPI) at 234 and 265 nm.

II. EXPERIMENT

The photofragment image system used in this study has
been described previously in det&ilA sample mixture was
prepared with 10 torr CBrGlseeded in 1.5 atm helium and
injected into the reaction region using a molecular beam

031 valve (General valvg pulsed at 10 Hz. The CBrgl(Ald-
CCL +Br rich, purity >97% was used after several freeze—thaw
0.69 cycles with no further purification.
CCL, + Br A linear polarized UV laser lighttypically 60 uJ/pulse,
generated by doubling the output of Nd:YA@55 nm)
pumped dye laser and aligned by using a half-wave retarda-
tion plate, was focused perpendicularly onto the ionization
zone of the molecular beam with a 150 mm focal length lens
and parallel to an image plane. The CBy@las photolyzed
by the UV laser light and bromine atom fragments were then
r(CCl, - Br) selectively ionized at 233.9 and 264.8 nm for*Biand at
233.6 and 264.9 nm for Br using thf2+1] REMPI
Bechniqué? within the same laser pulse. The laser was
scanned over a range of 4 chin order to detect all velocity
component of bromine fragments.
ergy of C—Br compared to that of the C-I bond, R—Br Bromine fragment ions were accelerated to the repelling
shows a blue shift iPA-band absorption. Becaudg,,, 44  plate with positive high voltage and then passed through an
kJ/mol, for brominé’ is smaller than that of iodine, 91 kJ/ extract and ground plates with a 20 mm diameter hole which
mol, the spin selection ruléyS=0, is more strictly observed caused the nonhomogeneous electric field around the
in the case of R—Br than R—I. Three dissociative excitecelectrode’®> The bromine ion cloud was then expanded
states in theA-band of alkyl halides via overlap electronic spherically due to not only the recoil velocity of the frag-
transitions®° are represented by th®;(2E), 3Qq(2A,), ments but also the nonhomogeneous electric field. The ex-
and'Q;(3E) in Mulliken’s notatiorf® and illustrated in Fig. pansion rate was calibrated against the known values jn Br
1. The3Q, potential energy surface is responsible fo* Br and I, photolyses. The expanded ion cloud of bromine was
formation with the parallel transition, while t€, and’Q,  projected onto a two-dimensional position-sensitive detector
surfaces correlate Br formation with the perpendicular tranplate which consists of a microchannel plat®1CP)/
sition character. phosphor screefiGalileo, FM2040 and a charge coupled

In 193 nm photolysis of CEBr.° the curve crossing device (CCD) camera(photometric, CH250 A negative
from the 3Q, to the 'Q, surface has been barely observedhigh voltage pulse with 150 ns duration was applied to MCP
with a rotatable quadrupole mass spectrometer. In 210 nno separate the bromine ion signal from those of scattered
studies of CHBr and CDQBr via the photoimaging laser light and background ions with different masses. The
techniqué, Br* fragments have shown ¢k while Br frag-  image was summed from over 10 000 shots or more and the
ments have been more isotropic and contained Zsingu-  background was removed by subtracting a reference image
lar component. The curve crossing from ft@, to the’Q,;  collected at an off-resonant wavelength under the same con-
surface has been observed qualitatively. In 193 nmBCF ditions. The REMPI time-of-flight TOF) mass spectra were
photolysis® Br* fragments have shown mixed characteristicsacquired using a photomultiplier tutfelamamatu, 1P21in-
of parallel and perpendicular transitions with a ratio of 1.3:1,stead of the CCD camera.
while Br fragments have a strong parallel transition charac-
ter. This indicates that Br fragments mostly originate fromlill. RESULT AND ANALYSIS
initial excitation of the3Q, surface, while Bf fragments
result from initial excitations of théQ, and 'Q, surfaces
with similar contribution. Because of this finding, a new 1. 234 nm
potential energy surface witle; symmetry has been sug- Figure 2 shows TOF mass spectra of photofragments of
gested. As a consequence, the curve crossing probability BBrCl; in the range ofm/e=0-250 a.u. at Br[2+1]
found to depend on the physical and chemical properties dcREMPI wavelength. Seven peaks were foundrde=12,
CY3; (Y=H, D, F. The CBrC} photodissciation study, 35,37, 47,49, 79, and 81, respectively. Thee=79 and 81

Energy

X(IA))

FIG. 1. One-dimensional schematic representation of the potential ener
curves involved in the CBrGlphtodissociation in thé-band.

A. Time-of-flight mass spectra
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s ol — - B. Relative quantum yields

2 Sr ( \\f(a) Br' at 265 nm The ratioN(Br*)/N(Br) is proportional to the measured

§ 1oy ion signal ratio in TOF mass spectra by the equation,

g T * *

g ol N(Br ): S(Br ), n
sl . . . N(Br) S(Br)

0 50 mass 100 150

= °F — v Ve where N(i) is the number of species S(i) the measured

R ( (b) Brat 265 nm intensity of species, andk the proportionality constant. The

£ ol k value is determined by the relative detection efficiency of

5 sl Br* and Br and the instrument factor, and was obtained from

£ ol Br, photolysis under the same experimental condition. The

S , , , ratios of N(Br*)/N(Br) at 234 and 265 nm photolyses were

0 % mass 100 130 found to be 0.450.04 and 2.160.22, respectively. Thé&

= °T P/ values at 234 and 265 nm photolyses were &@®2 and

5 2 (¢) Br' at234nm 0.73+0.02, respectively. The intensity of speciesas inte-

g T grated over Doppler width and probe laser band width to

2 o5 acquireS(i) from scanned TOF mass spectra.

g 8 From the calculated ratios, the relative quantum yields of
Ao— o s 1 o ®(Br*) and ®(Br) were determined by the relation

g T N N(Br*) B .

5 4 (d)) Brat 234 nm ®(Br+)= N(Br) - N(Br) and ®(Br)=1-®(Br*).

E; @)

g sl The relative quantum yield®(Br*) are determined to be
dol— & — L - 0.31+0.01 at 234 nm and 0.68).02 at 265 photolyses, re-

spectively.

FIG. 2. Time-of-flight mass spectra of photofragments in tv@ range

CBrC) The signals see-. 76 and &1 originate rorfer andoer. ong. - SPeed and angular distributon

formed by thg2+1] REMPI_pro_ce;s while the other peaks result from ions Br* and Br images at 234 and 265 nm are displayed in
generated by nonresonant ionization. . .

Fig. 3. The shape of the images reveals the speed and angular
distributions of the photofragments. These raw images are
two-dimensional projections of three-dimensional speed and
peaks represent®Br* and ®Br* ions formed via[2+1]  angular distributions of bromine fragments. The® Bmage
REMPI, while the rest of the peakS result from non- at 265 nm disp|ays a typ|ca| po|ar cap appearance, charac-
resonance ionization processes. Thée=12, 35, 37, 47, teristic of cog ¢ distribution, while that of Br at 265 nm
and 49 peaks are assigned to'8€",*CI",*'CI" **C**CI",  ghows an equatorial belt appearance, characteristic & sin
and*?C *'CI", respectively. distribution. The formations of Brand Br atoms are there-
fore correlated with several channels according to the differ-
ence between the angular distributions of these images. In
234 nm photodissociation, both images of Bnd Br frag-

The C, CI*, CCI*, and Br* ions were observed in TOF ments have equatorial belt appearances as shown in Fig. 3.
mass spectra of CBrght Br[2+1] REMPI wavelength and The image of Br fragments in 234 nm photodissociation has
displayed in Fig. 2. The TOF mass spectra in 265 nm phovery similar angular distribution to that in 265 nm photodis-
todissociation is similar to that in 234 nm except for the sociation, while the image of Brfragments in 234 nm pho-
intensities. The intensity of Clin 234 nm photolysis is big- tolysis differs from that in 265 nm.
ger than that in 265 nm suggesting that this is because of A two-dimensional raw image with cylindrical symme-
either an increase of atomic chlorine formation or an im-try around the polarization axis of the photolysis laser has
provement of the nonresonance MPI efficiency of the atomidbeen used to reconstruct a three-dimensional velocity
chlorine. The smaller the difference between the currendistributiorf> by performing an inverse Abel transfor-
wavelength and the GR+1] REMPI wavelength becomes, mation?® Since the inverse Abel transformation is very sen-
the higher the nonresonance MPI efficiency of atomic chlo-sitive to noise, the raw images have been presmoothed with
rine become$? Used Br[2+1] REMPI wavelengths, 233.6 the Gaussian filter with a>85 window and the standard de-
nm for Br and 233.9 nm for Br, are closely located at Cl viation of 2 in a pixel unit typically to reduce the noise effect
[2+1] REMPI wavelength, 235.1 nm for €land 235.3 nm on the transformation. Due to the cylindrical symmetry of
for Cl. Another cause of the intensity change of"'Gé an  velocity distribution, every planar slice containing the sym-
increase in atomic chlorine from photodissociation of themetry axis is equivalent to reconstructed images.

C-Cl bond. Excitation of the C—Cl local bond at 265 nm has By integrating the reconstructed three-dimensional speed
not been reported yet but it occurs at 234 hifl. distribution over all angles at each speed, the speed distribu-

2. 265 nm
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(a) Br at265 nm (b) Brat265nm FIG. 3. Raw ion images of Brand Br frag-
ments from the photolysis of CBrght 265
nm[(a), (b)] and 234 nn{(c), (d)]. In all im-
ages the linear polarization vector of photoly-

. . -

(c) Br' at234 nm (d) Brat234nm

tion P(v) has been obtained as shown in Fig. 4. The centerestimate an anisotropy paramejfgrthe angular distribution
of-mass translational energy distributid®(E), has been es- P(#) has been fitted into the standard fornfila
timated from the speed distribution by the equation P(6)=1+ BP,(cosh), ©6)

p(E):p(V)d_V. (3)  Where B(cos¢) is the second-order Legendre polynomial.
dE The anisotropy parametes, values of Bf and Br images at
The internal energy of the Cgradical, E;y, is calculated 234 and 265 nm photolyses are listed in Table I.
using an energy conservation relationship
Eava:hV_DOJFEiTn! (4) IV. DISCUSSION
E —E _E—E ®) In 265 nm photolysis of CBrG| Br* fragments have
it ava =t el shown a strong parallel angular distribution, while Br frag-
wherehv is the photon energy512 kJ/mol at 234 nm and ments show a perpendicular one. These findings imply that
452 kJ/mol at 265 njm Dy = 230.2 kd/mol, the dissociation the major parts of Br fragments originate from initial exci-
energy of CCJ-Br at 0 K?’ Effn the internal energy of tation of the®Q, surface and some via the curve crossing
CCl;—Br, andE,, the electronic energy level of atomic bro- from the 'Q, to the 3Q, surface whereas Br fragments
mine. TheEif1t is assumed to be zero in the supersonic mo-mostly result from initial excitations of théQ, and 3Q,
lecular beam conditiorE,, 0 kJ/mol for Br and 44 kJ/mol surfaces and some via the curve crossing front@gto the
for Br*. The translation energids, andE,/Eare listed in  1Q, surface. The photodissociation dynamics of CBrél
Table I. 265 nm has shown a very similar pattern to that of;BHat
The angular distributiorP(6) in Fig. 5 has been ob- 193 nm in the point of lower curve crossing probability.
tained by integrating the reconstructed three-dimensional The angular distribution of Br fragments in 234 nm pho-
speed distribution over a proper range of the speed at eadblysis of CBrC} reveals a perpendicular transition, imply-
angle, whered is the angle between the laser polarizationing that the major portion of Br fragments originate from the
axis and the recoil velocity of photofragments. In order to'Q; surface. The angular distribution of Bifragments in
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FIG. 4. The speed distribution of the Br* and Br fragments for the 265 nm 'g 15
. e
[(@), (b)] and 234 nn(c), (d)] photolysis wavelength. ps
g‘ 10}
&
234 nm, a typical perpendicular transition, indicates that Br S st
fragments are mostly via curve crossing from g to the 0 =0 10 0
3Qy surface, and the rest are from initial excitation of the angle (degree)

3 -
Qo Surface' Bt fragments are fo.rmed _Iess than Br frag FIG. 5. The angular distribution of the Br* and Br fragments for the 265 nm
ments in 234 nm CBrGl photolysis, while the branching () (b)) and 234 nni(c), (d)] photolysis wavelength.

ratio of Br* in 265 nm photolysis is more than that of Br.
This finding indicates that the transition to tH@, surface is

a main one in 256 nm photolysis because of the less probable
curve crossing from théQ; to 3Q, surface. The large for-

mation of Br in 234 nm indicates that th®; and*Q; yield, we suggest that theQ, and °Q, surfaces are

i - 3
surfaces are main contribution. Because #g and°Q;  jpygived and®Q; surface is eliminated in 234 nm photolysis.
surfaces are split above and below fig, surface, the main After excitation at 234 nm,8=-0.31 for B¥ and

contribution in 265 nm photolysis, the large formation of Br 5__ 4 44 for Br were observed. These results are in agree-
fragments in 234 nm photolysis is not caused by the large,qnt with earlier 248 nm photodissociation stullieswhich

B=-0.4 was reported. In the studies it was found that in
contrast to the integrated intensities the shape of the product
translational energy distribution, which represents a superpo-
sition of the translational energy distributions of*Band Br
fragments, was independent of the photolysis laser polariza-
265nm  BF 4516 2213 892 184 143 040 tion direction. This observation indicates that after excitation
Br 4518 2215 978 164 —047 044 gt 248 nm, in agreement with the present result at 234 nm,
248 nm? Br* 4824 252.0 - e B
Br 4824 2520 837 332 —04 033 similar angular d|str|but|on_ of rapd Br fragments occurs.
234nm BF 5123 2819 107.6 163 -031 0.8 In the case when the recoil velocity and angular distribution
Br 5121 2817 1138 185 -0.44 0.0 difference between Brand Br fragments is smal*® it be-
193nm°  Br* 6198 3894 712 586 13 018 comes very difficult to resolve them in the rotatable quadru-
Br 4824 3894 pole mass spectrometry. Since the mass spectrometry has the
aFrom Ref. 9. Iir_nit of separatior_1 between E_Srand Br, the pho_toimage tech-
PFrom Ref. 10. nigue coupled with REMPI is more appropriate to measure

absorption of théQ, but of the'Q,. From the relative quan-

TABLE |. The energy and angular distribution of bromine fragments.

hv Eava E; FWHM
Wavelength kd/mol kJ/mol kJ/mol kJ/mol pB E(/Eva
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TABLE Il. Contribution ratio of the parallel and perpendicular transition. TABLE Ill. The relative fraction of each potential surface at 265 and 234

nm.
Wavelength I 1L
Wavelength Initial excitation Curve crossing
265 nm BF 0.81 0.19

Br 0.18 0.82 Br 3Q, 1Q,—3Q,

234 nm BF 0.23 0.77 265 nm 0.55 0.13
Br 0.19 0.81 Br 1Q,+3%Q, 3Qy—1Q,

0.26 0.06
Br* 3Q0 1le_>3QO

234 nm? 0.07 0.24
Br 'Q, %Qo—'Q1

the recoil velocity of the fragments Brand Br distinguish- 0.56 0.13

H ,10,29-31
ably in R B!’ phOtOIyS,eg' . . ®The probability of the curve crossind(*Q,—*Q,)=0.13/(0.13+0.07)
In earlier studies of methyl halide photodis- _g g5 andp(iQ,—°Q,)=0.24/(0.24- 0.56)=0.30 were calculated from
sociations:>°®"%the perpendicular transition of *X(X =I the result at 234 nm.

and BJ fragments has not been observed. InsCY =H, D,

F) photolyses, the formation of Ifragments from the curve
crossing from theé'Q; to the 3Q, surface are smaller than
that from theQ, surface because an absorption of T
surface is much larger than that of th@; and the3Q,
surfaces® Then the angular distribution of* | fragments
must have the characteristic of the parallel transition. Despit
the 1Q, and the3Q, surfaces’ similar contribution to the
A-band in the case of the GBr (Y=H, D, F) photodisso-
ciation, the energy level of théQ, surface, which is too
high, makes the formation of Brfragments more difficult
from the curve crossing from th&, to the®Q, surface than
from initial excitation of the’Q, surface. In 234 nm photoly-
sis of CBrCk, Br* fragments, resulting from perpendicular

where2,, the fraction of | fragments via the curve crossing
from 3Q, to the 1Q, surface to overall | fragments, can be
estimated from the angular distribution of | fragments.
Meanwhile in CY%Br photolysis® because both the curve
%rossing from théQ, to the'Q, surface and its reverse have
been observed considerably, the fraction of Bragments,
formed via the crossing from th&Q; to the*Q, surface, to
overall Br* fragments is a good measure for estimating the
curve crossing.

The curve crossing probability is estimated qualitatively
by the Landau—Zener equatidh:

transition, are observed due to its unique photolysis behav- —4772V§2
- P=1—-exp ~——=— 9
ior. h|AF|v,
In order to estimate the relative contributions of the par- d
allel, and perpendicular components td Bind Br fragments an
formation channels, the classical relationship was used. /2(hy— =) 10
V = -
B=xB"+x, B, and x+x, =1, (7) ¢ 2

Where,B‘“Sff and 8" represent effective anisotropy parametersv.\lherev12 is the coupling term between the diabatic poten-

for parallel and perpendicular transitions which account for_t'als’ |A.Ft| the tﬂ|ffere|ntc;e n dllabitmt:‘otrce at tz; CL;rve crosts-
the anisotropy reduction due to the finite parent moleculdn¥ PoINL Ve the Telative velocity between two lragments
rotational temperature. Fo,B“‘Eff a value of 1.8 was used through the pointE; the potential energy at the point, and

which represents the average value we measured from tﬁge reduceq massblfbtlhe ][‘anda%z?n?; nlmdel 'Sf vahgl, the
anisotropy parameters in GIFat 308 and 277 nrit under curve crossing probability from o to the"Q, surface is

; 3
experimental conditions similar to those of the present stud)}t.ﬂe sa;ne ?sdlts rel;/ etr)_sli frofrrt1hﬂte1 to the QQ su]rcfaceét But
At CF;l photolysis wavelength, *I fragments formation N etr(]asllmae fpro a Ihl'yho the cutrr\]/etcr]f)fslng rom Q%th'
originates entirely from a parallel transitioA@y«—X) fol- 0 the”Q, surface is higher than that of the reverse in this

lowed by a direct dissociation, which makes it an ideal ref_study as listed in Table Ill. This disagreement, the limit of
erence system. F@*" a value O’f_ ;Xlgﬁﬁ__o 9 was used the Landau—Zener model, may have resulted from the differ-
. 1 2 - . y

assuming that the anisotropy reduction is the same for th&"ce between the shapes of the two-dimensional potential

3 1
parallel and perpendicular component. Tyeandx, values Surface of the’Qo and “Q,. Though the Landau—Zener

for Br* and Br fragments formation channels, respectively model holds for the diatomic molecules, it does not for the
are listed in Table Il ' ‘polyatomic molecules because of its one-dimensional poten-

The curve crossing has been estimated usually from th%al ;urfa;e model(.j 'Il'q eX\EIar']nttTe .d;‘?ct:rr]epg_nct:y tfrom fthe
relative quantum vyield and angular distribution of groundthancau_ enertmo feC'nlo% pho oyS|st, eb |sd9r |or_1bo
state X in CY;X photolysis. Because of the small contribu- e Csy symmetry of C¥l via ve, an e-type bending vibra-

tion of the®Q, surface and the absence of @, surface in t|on,Thasdb_een s_uggtlaste:j tct). alccorpmodatfet:]he f'ﬁa,lng' tat
the red edge of thA&-band of C¥Y;l, the formation of | frag- wo-dimensional potential surtaces ot the excited state

ments directly correlates to the curve crossing from3@g of CHsl have been calculated 4% symmetry and indicated

. that V5, the coupling term, is a function ap, where ¢ is
to the'Q, surface® and the curve crossing from th@; to 12: I
the ®Q, surface can be ignored. the bending angle of the GHI bond in Fig. 6°° The one-

dimensional Landau—Zener model does not describe multi-
®(1)S = Probability *Q,—1Q;), (8) dimensional surfaces well for polyatomic molecule. CBrCl
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Since an anomalous velocity distribution of bromine frag-
ments, resulting from the secondary dissociati®n has not
been observed in the image, we suggest that the dissociation
(8) occurs very rarely. Formation of the CCtadical in
CBrCl; photolysis has been studied detecting the fluores-
cence of CGJ(A)— CCl,(X).** Because the CGradical has

not enough internal energy to break the &&Tl bond, the
CCl, radical must absorb additional photons to form an elec-
tronically excited CCJ state and to break the CEICI bond.

%3 A reaction mechanism is suggested as a explanation for the
g formation of C", CI", and CCI' by nonresonance ioniza-
tion.
CClL—CCI*+CI™ (10)
C"+Cl, (11)
CClIf=cCc+cCIt (12
C*+Cl (13

From nonactual observations of GCand CC} ions, it is
suggested that all Cghnd CC} radicals may either undergo
dissociation by an additional photon or by excess internal
HCCL-Br) energy, or remain free causing the nonresonance multiphoton
i ionization (MPI). If C*, CI*, and CCI ions originate from
FIG. 6. Two-dimensional schematic representation of the CBpGtential C, Cl, and CCI neutral radicals, these spe_cies must exhibit
energy surfaces for linear and bent dissociation pathways. very small peaks because of very low efficiency of the non-
resonance MPI of C, Cl, and CCI radicals like GGnd
CCl, radicals. Accordingly, we conclude that' CCI*, and
CCI* ions result from the heterogeneous dissociation of
. . CCl, as the suggested mechanism. It is necessary for the
1 2
écgggél% tzgzeﬂf’ao;en;ﬁfjgéf?gebgihgm;h(ec QBlr)S:;?;e CCl, radical to absorb several photons to dissociate hetero-
. 0> T . n ly. The electronically exci ical is known
axis. Then the wavefunction of the excited electron in thege eously. The electronically & Cte.d GCadica S Kno
1 S . to have an abnormally large absorption cross settiohich
Q. surface has a narrower distribution to tkbeaxis than aarees well with this work
that in the®Q, surface of CBrGJ. Since CBrC} in the 3Q, 9 '
surface has a strong distortion from g, symmetry due to
the broader distribution of wavefunction to tifeaxis but in ACKNOWLEDGMENTS
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