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Absorptions which appear at 634,1138, and 1198 cm-’ upon photolysis of CFzBra isolated in an argon matrix at 
14 K by 2537-or 12 16-8 radiation have been ass&x& to the three stretching fundamentals of the CFaBr free radical. 
Sever-11 of the vibrational fundamentals of 13CF2Br2 have been identified in the infrared spectra cf unphotolyzed deposits. 
Photoiysis processes which may occur under the conditions of these experiments are discussed. 

1. Introduction 

Earlier matrix isolation studies in this laboratory 
have led to the fast infrared identification of the 

CF3 [1,2] and CF,Cl [3] free radicals. In the course 
of a recent study of the products of the reaction of 
excited argon atoms with the tetrahalomethanes, it 
became necessary also to obtain the infrared spectrum 
of the CFZBr free radical, not previously reporred. 
Although the flash photolysis studies of Mann and 
Thrush 1441 and of Simons and Yarwood [SJ had 
shown that CFzBr2 was an excellent photolytic source 
of CF,, subsequent studies by Walton [6] ofthe 
2650-A photolysls of CF2Br2 and by Tedder and 
Walton [?I of the 2537-and 2650-A photolysis of 
CF2Br2 iu the presence of ethylene or of one of the 
fluoroethylcnes were consistent with the primary 
photodecomposition of CF2Br2 at these wavelengths 
to produce CF2Br + Br as the sole products. 

As will be shown in the following discussion, 
CF,Br can be stabilized in sufficient concentration 
upon 2537- and 12 16-A photolysis of CF2Br2 isolat- 
ed in an argon matrix at 14 K for direct infkred 
detection of all three stretching fundamentals. This 
identification is of interest not only because the 
spectrum of CF,Br has not previously been reported 
but also because of widespread recent concern with 
the environmental implications of the photodecompo- 
sition of bromine-containing molecules in the atmos- 
phere and in the lower stratosphere. 
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2. Experimental details 

The CF2Br2 sample (Matheson Co., Inc.) used for 
these experiments was freed of more volatile trace 
impurities by repeated condensation at 77 K and 
pumping on the solid sample. Teh argon (Matheson 
Co., Inc-) used as matrix material was not subjected 
to further purification. Samples were prepared using 
standard manometric procedures. 

The cryogenic equipment and optical configuration 
used for infrared spectroscopic observation of the 
sample deposit have previously been described [8] _ 
After the infrared spectrum of an Ar : CF2Br2 deposit 
with a mole ratio of 270 had been obtained, the 
entire solid sample, maintained at 14 K, was irradiai- 
ed with the full light of a medium pressure mercury arc. 
Studies of the vacuum ultraviolet photolysis of an 

Ar : CF2Br2 = 400 sample at 14 K were also conducted, 
using a hydrogen discharge lamp and photolysis 
procedures which have previously been described [9]. 

I&ared spectra were recorded between 400 and 
1600 cm-I using a Beckman IR-9 infrared spectro- 
phctometer. Under the scanning conditions typical 
of these experiments, the resolution and the relative 
and absolute frequency accuracies are estimated to be 
1 cm-’ over the spectral region which was observed. 
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3. Observations and discussion 

The infrared spectrum between 500 and 1500 cm-’ 
of an unphotolyzed Ar : CF,Br, = 270 deposit at 
14 Kis shown in the solid trace of fig. 1. With minor 
exceptions, all of the absorptions present in this 
spectrum lie within a few cm-’ of the band centers 
reported by glyler and Acquista [lo] for the infra- 
red absorptions of CF2Br2 in the gas phase. 

The u3 i‘undamentai, which appears in the gas 
phase at 62 1 cm-‘, has as its counterpart in an argon 
matrix two equally intense absorptions at 622 and 
627 cm-‘. In observations on sma!ler Ar : CF,Br, 
deposits, the very prominent vl ahso 

T 
tion, which 

appears in the gas phase at 1088 cm- , is split into 
two equally intense components at 1081 and 1085 
cm-l and a much less intense absorption at 1096 
cm -‘. Similarly, the “8 absorption, with the gas phase 
band center at 1150 cm-‘, appears in an argon matrix 
as a pair of equally intense, very prominent absorp- 
tions at 1142 and 1146 cm-‘, with a poorly resolved, 
much less intense satellite absor@ion at 1162 CXII-~. 

I . 1 1 I . I I 0 1 I 
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Fig. 1. Ar:CF2Br2 = 270.14 K. - 24.1 rmolCFzBr2 
deposited over period of 320 min, without photolysis. - - - 
Total deposit exposed for 51 min to full light of a medium 
pressure mercury arc. 

Such splittings frequently occur for molecules isolaied 
in rare-gas matrices and may be attrl%uted to the 
trapping of the molecule in different types of site in 
the rare-gas lattice. In the Ar : CF,Br2 experiments, 
they are helpful in the assignment of several of the 
less intense peaks characteristic of thick sample 
deposits. 

The relative intensities of the two weak absorp- 
tions at 1054 and 1058 cm-’ and their separation 
from the very strong 1081-1085 cm-’ absorptions, 
assigned to the totally symmetric C-F stretching 
fundamental (vl), suggest the assignment of the 
1054-1058 cm-’ peaks to Vi of 13CF,Br,. Similar-. 
ly, the 1112 and 1115 cm-’ pair of abs&ptions may 
be assigned to the antisymmetric C-F stretching 
fundamental (vvg) of 13CF2Br2 present in natural 
abundance. The correspondence of the contour 
ofthe 1112--1115cm-1 pair of absorptions to that 
of the 11-12-l 146 cm-’ pair of absorptions cob- 
served in a small deposit) suggests that the 1122 cm-’ 
(vs + v6) combination band of the gas phase experi- 
ments is tao weak to be observed in the present 
studies. 

The antisymmetric C-Br stretching fundamental 
(v~), which appears in the gas phase as the very prom- 
inent absorption at 829 cm-‘, appears in an argon 
matrix as a single very strong absorption at 822 cm-’ 
The separation of the much weaker absorption at 
792 cm-’ is appropriate for the assigrunent of this 
peak to 13CF,Br2. Plyler and Acquista [lo] have 
assigned a weak gas phase absorption at 800 cm-’ to 
the (v~ t y3) combination band, calculated from their 
data to lie at 786 cm-’ . Since within experimental 
error the separation between this peak and the very 
prominent 12CF2Br2 fimdamental absorption is the 
same in both the gas phase and the argon matrix ob- 
servations and since this separation is close to the 
expected carbon-13 shift in a C-Br stretching funda- 
mental, the alternate assignment of the 800 cm-’ gas 
phase absorption to the “6 fundamental of 13CF,Br2 
is suggested. 

The moderately intense 663 cm-’ absorption can 
be assigned to the 2u7 overtone band, which lies at 
662 cm-’ in the gas phase. Of the remainig peaks, . 
only the moderately intense peak at 862 cm-’ and 
the much weaker ones at 878 and 887 cm-’ cannot 
be assigned to CF2Br2. (A gas phase absorption at 
875 cm-’ was assigned to the (v8 - us) difference 

193 



Volume 53, number 1 CHEXfCAL PHYSICS LETTERS 1. January 1978 

band, which should be undetectable at 14 K.) These 
three peaks correspond exactly in position and relative 
intensities to prominent absorptions observed in this 
laboratory for CF,CIBr isolated in an argon matrix. 
Two other strong absorptions of this molecule, as- 
sociated with the C-F stretching vibrations, would 
be overlapped by the corresponding absorptions of 
CFI?Brz. 

As is shown by the broken-line trace of fig. 1, 
several prominent absorptions appeared when samples 
of CFZBr2 isolated in 2~1 argon matrix were exposed 
to the full light of a rn~~um-pressure mercury arc_ 
The positions and peak optical densities of these 
absorptions are compared with those of product ab- 
sorptions observed on 1216-A photolysis of CF,Br2 
in table l_ Absorptions at If01 and 12 19 cm-‘-are 
readily assigned to CFz and absorptions at 1129, 
I 180, and 1330 cm-l to CL-?4 isoIated in an argon 
mat_‘i” [ 11 J _ Another C2F4 absorption, at 1164 

cm , is partly obscured by a CF.+2 absorption. 
Comparison with the liquid-phase data reported by 

Table I 
Absorptions aI which appear between 400 and 1600 cm-’ 
folIowing pbotolysis of CF2 BrZ isolated in an argon matrix 
by 2537- or 1216-A radiatkm 

cm-l Peak optical density 

2537 a L216 A 

Assignment 

414 0.054 
684 0.075 
769 0.061 
877 0.030 

1014 0.05 1 
1101 0.785 
1123 - 
1129 0.074 

1138 sb 

1173 0.028 
1180 0.234 
118-i 
1198 0.287 
1219 0.261 
1233 sh 
1244 0.249 
1250 Sh 

1330 0.238 

a) sfi = shouider. 

0.037 
0.071 
0.038 
- 
- 

0.712 
0.031 
0.038 

O-446 
- 

0.069 
0.069 
0.326 
0.381 
sh 
0.111 
sh 

0.074 

CF2 Br 

KFzBrl2 
(CFzBr)2 
fCFSrk 

CF2 

C2F4* 

(C&J% 
CF=Br 

(Cl% 302 
GF4 

CF2 Br 
CF2 

(CFzBr)2 

c2F4 
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Kagarise and Daasch [ 12f for (CF2Br)2 suggests the 
assignment of peaks at 769,877,1014,1173, and 
1244 cm-l to this product. Another weak (CF2Br)2 
absorption may overlap that of C2F4 at 1129 cm-l. 
fn the 2537-A photolysis studies, the 1 10l-cm-l ab- 
sorption of CF, appeared as a shoulder on the very 
prominent 1096 cm-’ absorption of unphotolyzed 
CF2Br2, considerably enhancing the uncertainty in 
the peak optical density of this CF, absorption. 
Comparison of the peak optical densities of the 12 19 
cm-l CF2 absorption indicates that a higher yield 
of CF, was obtained in the 12lGB photo&& ex- 
periment of table 1 than in the 2537-A photolysis ex- 
periment. On the other hand, the yields of C2F4 
and of (CF2Br)2 were substantially smaller in the 
1216-A photolysis experiment than in the 2537-A 
photoIysis experiment_ Although the yields of products 

containing two carbon atoms would be expected to be 
somewhat lower in experiments on sampIes of mole 
ratio 400 (as in the 12 16-A study) than in experiments 
using a mole ratio of 270 (as in the 2537-A study), the 
observed difference was considerably greater than 
might be expected on the basis of the difference in 
mole ratios alone. 

Of the four remaining absorptions common to both 
photolysis experiments, two, at 684 and 1198 cm-l, 
had quite similar optical densities in the two systems. 
The photometry of the broad 414cm-L absorption, 
which lies in a region of poor spectrometer response, 
was relatively uncertain. A fourth prominent absorp- 
tion, at 1138 cm-‘, appeared as a low-frequency 
shoulder on the very strong 1146 cm-l CF2BrZ ab- 
sorption in the 2537-a photoiysis studies. (The 
CF,Br2 absorptions were much weaker in the 1216-A 
photolysis experiments, in which it was necessary 
to conduct the deposition and the photolysis con- 
currently.) 

If the photolysis were to have proceeded by the 
formation of CF, alone, the only products to he 
expected at the mole ratios here employed would be 
CF,, CzF4, and (CF,Br),, which conceivably might 
be formed by the reaction of CF2 with CF2Brz 
trapped in an adjacent site in the argon lattice or by 
bromine-atom scavenging by CzF4. The gas phase 
photolysis studies at 2537 and 2650 A [6,7 ] have 
indicated that at these wavelengths CF,Br is formed 
in the primary photodecom~~tion. if the Br atoms 
have a sigrdficant probability of diffking from the 
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site of their photoproduction rather than reacting 
with CF2Br to m-form CFzBr2 and if CFzBr is 
reasonably photolytically stable, it should also be 
observed in the matrix experiments. The prominent 
product absorptions at 1138 and 1198 cm-’ can 
reasonably be assigned to the two C-F stretching 
fundamentals of CF2Br; the corresponding funda- 
mentals of CF2C1 [3] he at 1148 and 1208 cm-‘. Un- 
fortunately, the matrix data do not provide definitive 
information on the symmetries of the C-F stretching 
fundamentals of either molecule. The 684 cm-l ab- 
sorption is in a region typical of C-Br stretching 
fundamentals, which generally are rather strongly ab- 
sorbing. Since the C-Cl stretching absorption of 
CFzCl lies at 761 cm-l, in the range typical for such 
absorptions, and since ‘he bonding properties of 
CF2Br are expected to be similar to those of CF,Cl, 
the assignment of the 684 cm-r peak to the C-Br 
stretching fundamental of CF-, Br is also reasonable_ 
Although the 414 cm- l absorption may be contribut- 
ed by an FCBr deformation vibration of CF, Br, this 
absorption is relatively weak and broad, making its as- 

‘signment much less certain than that of the other ab- 
sorptions typical of the matrix experiments. 

The ultraviolet absorption spectrum reported by 
Walton [6] for CF,Br, showed a graduai onset, with 
a maximum at 2280 A and with no structure_ The 
molar extinction coefficient at 3000 A was more than 
a hundred times smaller than that at 2650 -4. In an 
experiment in which the Ar : CF,Br, deposit was 
exposed to filtered mercury-arc radiation with a short 
wavelength cutoff of 3000 A, no products resulted, 
consistent with Walton’s absorption data. Although 
CFZ may be formed by photodecomposition of the 
initially formed CF2Br in the 2537-A photolysis ex- 
periments, the present experiments have yielded no in- 
formation on the wavelength range in which photode- 
composition of CF2Br occurs. Since prominent 
CF2Br absorptions were dso observed in the 1216-A 
photolysis studies, the primary photodecomposition 
of CF2Br2 to form CF2Br + Br is likely to play an 
important role in the vacuum-ultraviolet region, as 
well. The present experiments cannot determine 
whether CF, is formed in a primary photodecomposi- 
tion process at 1216-A or whether it is formed pre- 
dominantly by the photodecomposition of CF2Br. 

previous matrix isolation experiments have yielded 
very little information on the extent to which the 

heavy bromine atom can diffuse through the argon 
lattice at 14 K. The B-X absorption bands of CN 
were observed in the ultraviolet spectrum of Ar : BrCN 
samples which had been deposited at 14 Kwith con- 
current 1216-A photolysis, but there was a pro- 
no-unced decrease in the CN product yield as the 
mass of the halogen atom was increased, and a very 
prominent infrared absorption in the BrCN photo- 
lysis experiments could be assigned to BrNC [13] _ 
The appearance of prominent absorptions of both 
CF2Br and CF, in the present experiments suggests 
that the Br atom has a significant probability of 
diffusing from the site of its photoproduction in 
an argon lattice at 14 K. 

The quantum yield measurements of Walton [6] 
suggested that the initial photoprocess at 2650-A 
resulted in the formation of an excited CF,Br, 
molecule which could either decompose inTo cF-,Br 
+ Br or be collisionally deactivated at higher sample 
pressures_ The stabilization of CF2Br in the argon 
matrix experiments requires that the lifetime of ex- 
cited CF,Br, trapped in solid argon at 14 K be suffi- 
ciently l&g-for its dissociation to be competitive 
with deactivation by the matrix. 

4. Conclusions 

Photolysis of CFzBr, isolated at 14 K in an 
argon matrix by either 2573- or 12 16-A radiation 
leads to the stabilization of CF,Br, requiring that 
bromine atoms have a significant probability of dif- 
fusing from the site of their photoproduction The 
C-Br stretching fundamental absorption of CF,Br 
appears at 684 cm-’ and the two C-F stretchin 
fundamental absorptions at 1138 and 1198 cm 3 . 

References 

111 

t21 

131 

141 

ISI 

D.E. hlilligan. WE. Jacos and J.J. Comeford, J. Chem. 
Phys. 44 (1966) 4058. 
D-E. Milli,gn and M.E. Jacox, J. Chem. Phys. 48 (1968) 
2265. 
D-E. MiUigan, M.E. Jacox, J-H. McAuley and C.E. 
Smith, J. Mol. Spectry. 45 (1973) 377. 
D-E. Mann and B.A. Thrush, J. Chem. Phys. 33 (1960) 
1732. 
J-P. Simons and A.J. Yanvood, Trans. Faraday Sot. 57 
(1961) 2167; Proc. Chem. Sot. (1962) 62. 

195 



Volume 53, number 1 CHEKtCAL PHYSICS LETTl?RS l-kimmry i978- 

[6] J.C. Walton, J. Chem- Sac. Farady Trans. I68 (1972) 
1559. 

12’1 J-M. Tedder and J.C. Walton, Trans._Faraday Sot. 66 

(1970) 1135; J. Chem. Sot. Faraday Trans- I 70 (1974) 
308. 

181 M.E. lacox, Chem. Whys. 7 (1975) 424. 
[9] D-E. Milligan and M-E- Jacox, J. Chem. Phys. 47 (1967) 

5146. 

[lo] E.K. Xyler an+ N. Acquista, J. Res. Nati.~Bur.~ Sfd. US: 
48m (1952) 92. _ 

[ll] D.E. Mill&n, 6-E. Me h& Jacox Ad k.A. Mitsch, 
J. Chcm. Phys. 41(1964) 1199. - 

[ 121 R.E. Kagarise ayd L:W. Daasch, J. Chem. Ph$. 23 
(1955) 130. 

1131 D-E- &filligan and M-E. Jacox, J- Che-ni. Phys. 47 (1967) 
278. 

196 


