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Photodissociation of CF3;Br, at 248 nm:
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Photodissociation of CF2Bro at 248 nm has been studied in the gas phase using time-resolved optical
absorption spectroscopy. A transient absorption spectrum in the range of 200—320 nm with Apnax”2260
nm is observed and has been assigned to the primary photodissociation product, the CF2Br radical. The
absorption cross section of this radical at 260 nm has been found to be (1.05£0.2)x107*® ¢m?® molecule™!.

The rate constant for CFeBr dimerization is evaluated to be (3.0£0.6)x107'% cm® molecule™ s~

1. Laser

fluence dependence in the secondary photodissociation of CF2Br radical is discussed.

Understanding the atmospheric chemistry of halogen-
containing organic compounds has assumed increased
importance following recent observations of dramatic
ozone loss.>? Both bromine and chlorine were found to
be engaged in catalytic destruction of ozone in similar
cycles, with the former being more efficient. Bromine-
containing compounds are released in large quantities in
the atmosphere as a result of their use as fire retardants,
fumigants, anaesthetics, etc. These compounds have
long tropospheric life times. The primary loss process
for these bromomethanes is photolysis yielding either
Brs or Br atoms.*—® The active bromine species Br and
BrO undergo a catalytic cycle for ozone destruction.”®
Because of this, there has been a substantial interest
in the photolysis studies of these compounds. In addi-
tion to this, the study of dissociation paths in simple
molecules is of fundamental interest. The fragmentation
of polyatomic molecules upon absorption of photons can
proceed by a variety of dissociation pathways.®!? The
study of underlying dissociation mechanisms has greatly
contributed to our understanding of the dynamics of
bond-breaking processes.

Photodissociation of CF>Br, has received consider-
able attention because it has a possibility of multichan-
nel photochemistry. In a number of studies, photolysis
of this compound at 248 nm has been used as a source
of generating and studying the reactions of CFs radi-
cals with various other reactants. Following three chan-
nels have been reported in a number of studies on the
IR**% and UV photodissociation!®2® of CFyBr,.

CF3Br; — CF2Br+Br AH =255 kJmol™" (1)

#Also associated with Jawaharlal Nehru Centre for Ad-
vanced Scientific Research, Bangalore, India.

CF3Brs — CF3 + Bry AH =213 kJmol™" (2)
CF3Br, — CF2 + 2Br AH =435 kJmol™* 3)

The CF2Br thus produced can undergo secondary pho-
todissociation or unimolecularly decay to give CF2 as
shown below.

CF9Br+ hv — CF5 + Br 4)

CF,Br* — CF2 + Br (5)

In the UV photodissociation, an early study by
Francis and Haszeldine'® showed that CFyBr, pho-
tolyzes readily in the presence of O3 at wavelengths
longer than 220 nm. In the 265 nm photolysis of
CF2Bry, Walton'® suggested that the primary process
involves the formation of an excited species with a suffi-
ciently long lifetime to be stabilized by collisions in com-
petition with fragmentation. Molina and Molina!” and
recently Talukdar, Vaghjiani, and Ravishankara'® mea-
sured the quantum yield to be unity for the photodis-
sociation of CF3Bry at 248 nm. Mann and Thrush!®
reported the CF5 absorption spectrum in the flash pho-
tolysis of CF2Bry. Sam and Yardley?® reported visible
and near UV luminescence from CE; in the 248 nm
photolysis. The fluorescepce intensity was linear in ra-
diation intensity in the fluence region 0.12—1.2 J cm 2.
Wampler, Tiee, Rice, and Oldenberg?®") also reported lu-
minescence from CF5, but observed a quadratic power
dependence of the CF, fluorescénce intensity for energy
fluences between 3—9 Jcm™2. Using a crossed laser-
molecular beam technique with a quadrupole mass spec-
trometer, Krajnovich, Zhang, Butler, and Lee?? showed
that the CF9Br radical and Br atom are the primary
products in the 248 nm photodissociation of CFyBrs.
They also observed CF3, which was attributed to the
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secondary photodissociation of some of the CF2Br pri-
mary product. Gosnell, Taylor, and Lyman®® used ul-
trafast time-resolved absorption spectroscopy to study
the photodissociation of CF2Brs. They also detected
the CFyBr radical as the primary product. However,
they concluded that the CF; radical is formed due to
the unimolecular reaction of vibrationally hot CF3Br
intermediate species.

Although the primary channel and the quantum yield
for the photodissociation of CF3Bry at 248 nm have
been reported, not much is known about the spec-
troscopy and kinetics of the primary product CF3Br
radical. Does it undergo unimolecular decomposition
or absorb another photon to undergo secondary pho-
todissociation or recombine to form CoF4Bry 7 Out of
these three channels, which one is the main decay route
for CF3Br and how is it affected by laser fluence? The
origin and relative yield of CF5 is also poorly under-
stood.

In the UV region, CF3Br; starts absorbing below 300
nm with 8 Apayx®229 nm'® and thus can be excited by
a KrF laser. In our earlier work,?® photodissociation of
CF2Br; was studied using a CO, laser as the excitation
source. In this work, the results of 248 nm photodisso-
ciation of CF2Br, in the gas phase have been reported.
Further, the fate of CFyBr has been discussed with ref-
erence to laser fluence.

Experimental

All the studies were done under static conditions by ir-
radiating 10 Torr (1 Torr=133.322 Pa) of CF3Br2 using an
excimer laser (Oxford lasers, 248 nm, 10 ns pulse width, 50
mJ/pulse) at a repetition rate of 1 Hz. The laser beam was
focussed to an area of 0.2 cm?. The time-resolved absorp-
tion studies were done in a stainless steel cell using crossed
beam geometry for the laser and probe beams. The details
have been described elsewhere.?5?® The cw spectroscopic
UV probe beam from a Xe lamp (150 W) with associated
optics, monochromator (f=3.5), fast PMT, and a signal
processing system (Gould Biomation 4500, 10 ns resolution)
was part of a computer controlled laser kinetic spectrome-
ter (Applied Photophysics, UK). A small portion of the laser
light was allowed to fall on a photodiode whose output signal
was used to trigger the digital oscilloscope. In some of the
experiments, the monitoring Xe lamp was pulsed for better
illumination in the UV region and the laser was triggered at
a preset time when the lamp intensity reached a maximum
and remained steady over a period of about 200 us.

The dissociation yield measurements and product analy-
ses were done either on an FT-IR spectrometer (Mattson,
Cygnus 100) or by GC analysis using a carbowax column
and a flame ionization detector with nitrogen as the carrier
gas.24) In a typical experiment, a 10 Torr sample was irra-
diated at a fluence of 0.25 Jcm™2 for 200 pulses and the
contents of the cell were transferred to the injection port by
multiple transfers. Under these irradiation conditions the
total sample decomposed is typically about 6% of the initial
pressure. CF2Br2 and C2F4 were calibrated using standard
mixtures before analysis. CF32Brz (Aldrich) was degassed
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by several freeze-pump-thaw cycles before use.

Results and Discussion

CF3Br; (10 Torr) was irradiated with the KrF laser
(50 mJ/pulse) under partially focussed conditions. Sta-
ble product analysis showed CoF4Brs, CoFy4, and Bry
as the major products. From the FT-IR analysis, the
yield of CoF 4Bry accounts for 90% of the CF,Br, disso-
ciation. Gas chromatographic analysis showed the to-
tal yield of CoF4 to be 11% of the CF,Br, dissociated.
Since no other product is observed this gives 89% for
CoF4Brs, in agreement with the FT-IR data.

In the time-resolved UV absorption studies, a tran-
sient signal (Fig. 1) was observed. The rise time of the
signal was found to be limited by the response time of
the detection system (ca. 50 ns). The transient species
absorbs in the range of 200—320 nm with a A,,~260
nm. The spectrum shown in Fig. 2 was taken at 2 us
delay with a wavelength resolution of 3 nm. Addition of
100 Torr of Ny during the irradiation also did not cause
any observable change in the spectrum, indicating that
the transient spectrum is not due to any hot species.

In the photolysis of CF;Brs, two transient species
that have been observed are CFsBr and CF5. Transient
absorption of CF is reported in the flash photolysis of
this molecule'® in the region 230-—270 nm with Apax
around 250 nm. In these studies the spectrum lies in
the region 200—320 nm and Ap.x is shifted by about
10 nm. In addition the absorbance at 260 nm is about
two times higher than that at 249 nm. This cannot
be true if the transient is CF5. To further differentiate
between CF3 and CF3Br, the decay of the transient was
investigated in the presence of O; and NO. The reaction
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Fig. 1. Transient absorption signal of CF2Br at 260
nm. (CF2Br; 10 Torr, laser fluence 0.25 Jcm™2),
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Fig. 2. Transient UV absorption spectrum of CF2Br
in 248 nm photolysis of CF2Br; (pressure 10 Torr,

wavelength resolution of 3 nm at 2 ps delay laser
fluence 0.25 Jcm™2).

of CFy with O2/NO is known to be slow.?” However,
in these experiments, it was observed that the transient
decays faster in presence of O2/NQO. All these results
imply that the transient absorption is not due to CF3
but from the other species generated in the photolysis.
This is further supported by a faster recombination rate
constant than that of CF5 recombination?® (see Section
3). The major product after irradiation is CsF4Brs,
indicating that CF5Br is the precursor, which dimerizes
to give the observed product. Thus, we have assigned
the observed spectrum to the CF2Br radical.

1. Secondary Photodissociation vs. Unimolec-
ular Decay of CF3Br. The CFyBr, formed as a re-
sult of the primary dissociation step, can either absorb
a photon or can spontaneously dissociate. The former
process requires that its absorption cross section at 248
nm should be large but for the latter process the in-
ternal energy should be sufficient to break the CF2o—Br
bond. Krajnovich, Zhang, Butler, and Lee (Ref. 22,
hereafter KZBL) have attributed the formation of CF,
in 248 nm photolysis of CF2Brs to the secondary pho-
todissociation of CF2Br on the basis of their smeared
time-of-flight spectra of CFy. Gosnell, Taylor, and
Lyman (Ref. 23, hereafter GTL) in their ultrafast time-
resolved absorption experiments observed an increase
in the absorbance with increasing delay times after the
laser pulse (FWHM 700 fs) was over. The species re-
sponsible for absorbance was identified as CF2 and the
increase in absorbance was attributed to the genera-
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tion of CF, radicals from unimolecular decay of hot
CF32Br. The results of these two studies, though in
general agreement, differ from each other regarding the
origin of CFs.

The kinetic scheme for the CFs yield coming as a
result of secondary photodissociation of CFyBr is given
by

CF3Br; “=%! CF,Br =%’ CF, (6)

The total fraction of CF, radicals produced due to sec-
ondary photodissociation is given by Eq. 7.22:29

nCcFy _ 4, op(—029) —exp (—01¢)
e =1 ) (M

2.-1

Here I is photon intensity in photons cm~™*s™' and
¢ is the time integrated photon flux. o; and o2 are
the absorption cross sections (in cm?molecule™!) of
CF3Bry and CF3Br at 248 nm respectively, and ng
is the no. density of CF3Brs molecules. The absorp-
tion cross section for CFyBr, is taken to be 6.4x10~1°
cm? molecule™.1%2%) The CFyBr absorption cross sec-
tion value is taken to be 6.2x10~!° cm? molecule™! as
measured by GTL. Using the o1 and o2 values, the
CF3 yield coming from secondary photodissociation as
a function of laser fluence has been calculated from 0.1
to 10 Jcm™2 and is shown in Fig. 3. This shows that
up to about 0.5 Jem~2 the CF; yield from secondary
photodissociation is not significant. However, with in-
creasing fluence the yield increases sharply and at about
5 Jem™2 as much as 90% of the CF,;Br radicals will
undergo secondary photodissociation to give CFa. The
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Fig. 3. CF3 yield due to secondary photodissociation
of CF2Br as a function of laser fluence.



2820 Bull. Chem. Soc. Jpn., 68, No. 10 (1995)

curve demonstrates that depending on the laser fluence
the relative yield of CF2 and CF,Br will change. The
figure also shows that in the fluence region of 0.5—3
Jem™2, the CF, yield is almost linear. This is in accor-
dance with the molecular beam results of KZBL, where
they found nearly linear production of CFq radicals in
the fluence range 0.08 to 2.5 Jem~2. From this figure
one can estimate the extent of secondary photodissoci-
ation in the experiments of KZBL. At a fluence of 2.5
Jem™2 used by them, about 60% of the CF2Br rad-
icals will undergo secondary photodissociation to give
CF5. The linear dependence of fluorescence intensity
on laser fluence in the region of 0.12—1.2 Jem™? as
reported by Sam and Yardley?® can also be explained
from this figure. These results show that under low laser
fluences (<0.5 J cm~2) the main decay channel for tran-
sient CF2Br is dimerization. However, with increasing
laser fluence the secondary photodissociation of CFyBr
to give CF, starts competing with the recombination
channel.

This kinetic scheme for our fluence conditions (0.25
Jem™2) accounts for ca. 2% of the CFy generation due
to secondary photodissociation of CF3Br. In our exper-
iments CoF4, 11% of the total CFyBry dissociated was
detected among the final products. This will correspond
to a maximum of 22% transient CF3 yield, assuming all
C,F4 comes from the dimerization of transient CF,.
If all the CF2 were generated due to secondary pho-
todissociation, it should have evolved very fast (on a
picosecond time scale). To check for the relative con-
tribution of CF; in the transient absorption spectrum,
absorbance was measured at 249 nm. At 2 ps the to-
tal absorbance (at 249 nm) due to CFy and CFyBr is
about 8 times less than what will be expected on the
basis of 22% CF yield alone (using o(CF3)=2.9x10717
cm? molecule™! at 249 nm, Ref. 28). Considering all er-
rors to their maximum extent in our experiments we can
account for a maximum of 4% CF, with the observed
absorbance at 2 ps. Further if we assume that 22% of
the CF5 is generated by unimolecular dissociation of
CF3Br before 2 us, in that case the UV spectrum at 2
us should have another peak with Ap,.x~249 nm, which
was not observed. Spectra measured at longer delay
times also showed no increase in the absorbance, thus
showing that CF; is not produced even at longer time
scales. This observation implies that unimolecular de-
cay of CF3Br to CF; does not occur to any significant
extent. This is in agreement with the molecular beam
results of Ref. 22 where spontaneous decay of CFyBr
was not observed to any significant extent. Thus, it
follows that in our experiments CF is not the source
of the CoF4 that is observed as the final product. CFy
produced as a result of secondary photodissociation can
account for only 1% of the CaFy4. It is possible that a
reaction of the following type may be occurring in the
system.

CF3Br+ CF2Br — CoF4Br} (8)

Photodissociation of CFg Bra
C2F4Br; — CaF4 + Brg 9)

The activation energy for reaction 9 is not known. The

enthalpy of reaction 9 is calculated to be about 161

kJmol~1.3® The activation energy for elimination of
Brs from 1,2-dibromopropane has been reported to be

about 184 kJ mol~! 3V and in this case also may not be

very different. The average and the maximum internal

energy of CF,Br radicals produced as primary products

have been shown to be 71 and 117 kJmol~! for Br-

(*Py2) as the co-product and 117—163 kJmol~* for

Br(*Pj/,) as the co-product.?” When two such radicals

combine, the resultant CoF4Brs will have a minimum of
142—326 kJ mol~! energy associated with it in addition
to the enthalpy of reaction (Eq. 8). Most of these may

be stabilized due to collisions and are observed as stable

products. However, some of these energized CoF4Brs

may undergo further reaction to give CoF 4+ Br,.

2. Absorption Cross Section of CF;Br. Us-
ing the absorbance value, dissociation yield per pulse,
and the path length (as described in Ref. 25), we es-
timated the absorption cross section of CF2Br at 260
nm to be (1.0540.2) x10~*® cm? molecule™!. From the
relative absorbance values at 248 and 260 nm in this
study, the o(cr,B;) value at 248 nm is calculated to be
(5.1£1)x107!° cm? molecule™?! after correction for the
2% CF5 yield in both these values. This value is the
weighted mean of cross sections averaged over the in-
ternal energy distribution at 2 ps. Our o(gr,B;) value at
248 nm is an order of magnitude lower than the value
reported in Ref. 32 (4.4x107'® cm~2 molecule™!) ob-
tained by measuring the laser-induced fluorescence in-
tensity of CF as a function of laser fluence and fitting
the results to a kinetic equation with two unknown pa-
rameters. Using the cross section value of Ref. 32, if we
calculate the CF5 yield as a function of laser fluence for
the secondary photodissociation of CF2Br, then for our
fluence conditions the CF2 yield comes out to be 6—
7%. In such a case the transient spectrum would have
shown another peak at 249 nm that was not observed
experimentally. Apart from this, the value of 6% is 50%
higher than what can be permitted even considering
the maximum error in our absorbance measurements.
Further, the CF2 yield obtained using this value does
not show linear behavior in the fluence range 0.08—2.5
Jem™2, contrary to the observations of KZBL. How-
ever, the cross section value reported by GTL and by
us explains both these observations. The value in case
of Ref. 32 probably represents the absorption cross sec-
tion of those CFyBr radicals which give CF radicals and
not the average cross section value.

3. Kinetics of CF,Br Radicals. The growth
of the absorption signal was found to be limited by
the response time of the detection system. It has
been suggested that 248 nm irradiation leads to direct
photodissociation,?® and hence the dissociation rates
should be very fast in agreement with the experimen-
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tal observation. The decay of the transient absorption
signal has been used to find out the dimerization rate
constant of the CF,Br radical. A plot of (absorbance) ™!
vs. time (Fig. 4) is found to be linear, indicating that
the decay kinetics is of second order. The kinetics is
in agreement with the observed product CyF4Br, also.
The slope of this plot gives k/o-l, where k is the second
order rate constant, ¢ is the absorption cross section
at the monitoring wavelength, and [ is the path length.
Fitting these values into the expression we get rate con-
stant for CFyBr dimerization to be (3.040.6)x10712
cm® molecule™s~!. The value is in agreement with
that observed in Ref. 24.

Conclusion.

A transient absorption spectrum in the range of
200—320 nm with A\pn.x~260 nm has been observed
in the 248 nm photodissociation of CFyBry. This has
been assigned to the primary photodissociation product
CF3Br radical. The absorption cross sections of this
radical at 260 and 248 nm have been determined to be
(1.0540.2) x107*8 and (5.1£1)x 10~ cm? molecule !,
respectively. The rate constant for CF;Br dimer-
ization has been calculated to be (3.0+0.6)x10~12
cm® molecule~1s™1,

The authors thank one of the referees for his valuable
suggestion.
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Fig. 4. Plot of (Absorbance)™! vs. Time for CF3Br
recombination.

Bull. Chem. Soc. Jpn., 68, No. 10 (1995) 2821

References

1) S. Solomon, Nature, 347, 6291 (1990).

2) 8. A. Penkett, B. M. R. Jones, M. J. Rycroft, and D.
A. Simmons, Nature, 318, 550 (1985).

3) L. T. Molina, M. J. Molina, and F. S. Rowland, J.
Phys. Chem., 86, 2672 (1982).

4) J. B. Burkholder, R. R. Wilson, T. Gierzack, R.
Talukdar, G. L. Vaghjiani, S. A. McKeen, J. J. Orlando,
and A. R. Ravishankara, J. Geophys. Res., 96, 5025 (1991).

5) D. Gillotay and P. C. Simons, J. Atmos. Chem., 8,
41 (1989).

6) D. Gillotay and P. C. Simons,
(Gauthier—Villarl), 6, 211 (1988).

7) R. J. Salawitch, S. C. Wofsy, and M. B. McElroy,
Plane. Space Sci., 36, 213 (1988).

8) Y. L. Yung, J. P. Pinto, R. T. Watson, and S. P.
Sander, J. Atmos. Sci., 37, 339 (1980).

9) “Molecular Photodissociation Dynamics,” ed by M.
N. R. Ashfold and J. E. Bagott, Royal Society of Chemistry,
London (1987).

10) H. Okabe, “Photochemistry of Small Molecules,”
Wiley, New York (1978).

11) D. S. King and J. C. Stephenson, Chem. Phys. Lett.,
51, 48 (1977).

12) J. C. Stephenson and D. S. King, J. Chem. Phys., 69,
1485 (1978).

13) A. S. Sudbo, P. A. Schulz, E. R. Grant, Y. R. Shen,
and Y. T. Lee, J. Chem. Phys., 70, 912 (1979).

14) K. Sugita, P. Ma, Y. Ishikawa, and S. Arai, Appl.
Phys. B, 52, 266 (1991). .

15) W. C. Francis and R. N. Haszeldine, J. Chem. Soc.,
1955, 2151.

16) J. C. Walton, J. Chem. Soc., Faraday. Trans. 1, 68,
1559 (1972).

17) L. T. Molina and M. J. Molina, J. Phys. Chem., 87,
1306 (1983).

18) R. K. Talukdar, G. L. Vaghjiani, and A. R.
Ravishankara, J. Chem. Phys., 96, 8194 (1992).

19) D. E. Mann and B. A. Thrush, J. Chem. Phys., 33,
1732 (1960).

20) C.L.Sam and J. T. Yardley, Chem. Phys. Lett., 61,
509 (1979).

21) F. B. Wampler, J. J. Tiee, W. W. Rice, and R. C.
Oldenberg, J. Chem. Phys., 71, 3926 (1979).

22) D. Krajnovich, Z. Zhang, L. Butler, and Y. T. Lee, J.
Phys. Chem., 88, 4561 (1984).

23) T. R. Gosnell, A. J. Taylor, and J. L. Lyman, J.
Chem. Phys., 94, 5949 (1991).

24) R. K. Vatsa, Awadhesh Kumar, P. D. Naik, K. V. S.
Rama Rao, and J. P. Mittal, Chem. Phys. Lett., 207, 75
(1993).

25) 8. K. Sarkar, D. K. Palit, K. V. S. Rama Rao, and J.
P. Mittal, Chem. Phys. Lett., 131, 303 (1986).

26) P.K. Chowdhury, R. K. Vatsa, Awadhesh Kumar, K.
V. S. Rama Rao, and J. P. Mittal, Spectrochim. Acta, Part
A, 48A, 1693 (1992).

27) E. L. Keating and R. A. Matula, J. Chem. Phys., 66,
1237 (1977).

28) S. Sharpe, B. Hartnett, H. S. Sethi, and D. S. Sethi,
J. Photochem., 38, 1 (1987).

Ann. Geophys.



2822 Bull. Chem. Soc. Jpn., 68, No. 10 (1995) Photodissociation of CFg Brp

29) P. M. Kroger, P. C. Demou, and S. J. Riley, J. Chem. 31) K. H. Jung, S. J. Yun, and D. S. Huh, J. Chem. Soc.,
Phys., 65, 1823 (1976). Faraday Trans. 2, 83, 971 (1987).

30) “CRC Handbook of Chemistry and Physics,” 74th ed, 32) J. Van Hoeymissen, W. Uten, and J. Peeters, Chem.
ed by D. R. Lide, 1993—1994. Phys. Lett., 226, 159 (1994).




