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ABSTRACT

The pyrolysls of some perfluoro organic lodides have been used to prepare
free ra di ca l species,of possibl e importance in fl ame inhibition chemistry , for
infrared matrix isolatton studies . The species CF302, C2F5, n-C3F7 and iso-
C F 7 were identified and vibrational assignments made. For CF302, oxygen
isotope studies were used to hel p in the vibrational assignments . Papers
for publication have been prepared describing this work and are included in
this report . Normal coordinate analyses for CF302 and C2F5 are currently in
progress and wifl be submi tted for publication in 1980. Preliminary data
from these calculations strongly support the initial vibrational assignments
made for CF302 and C2F5. Attempts were made to identi fy the species CF3O,
t-C4F9, C6F5 and C6F502. Some evidence for the existence of CF3O was foun d
but was not definitive . The resul ts of these latter studies are described

ç in the first section of this report.
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1. INTRODUCTION

It is well known that the addition of smal l amounts of certain materials
(flame retardants) to combustion systems can have a marked inhibitory effect
on the reactions. For obvious safety reasons, there has been much interest in
these materials and considerabl e effort has been devoted to understanding the
mechanism of flame inhibition . The generally accepted view is that these
materials act as radical sinks in the chain branching reactions which are
necessary for the propagation of combustion. Two important chain branching
reactions in hydrocarbon combustion are~~~:

H + O 2 -~ H O + O  (1)

O + H 2~~~OH + H  (2)

If HBr, a well known fl ame retardant , or some material capable of forming HBr
in the precombustion zone is present, then the reaction ,

H +HBr -
~
H2 +Br

r can compete with the chain branching reaction (1) above . Alternatively, if
CF3Br is present in the system as a fire retardant, then the reaction ,

CF Br + 0 + products(2)

is rapid enough to compete with the chain branching reaction, (2) above.
That only a relatively small amount of the flame retardant Is required

I suggests that its action is probably involved in the radical chain branching
reaction.

Al though the above picture of flame retardant action for halogen containing
flame inhibitor is probably generally correct, in detail there are many
unaswered questions. In the present instance attention Is focused on halocarbon
flame retardants. A listing of some of these materials is presented in
Table 1 In decreasing order of effectiveness and it has been concl uded that
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I SU!.ThIARY 0~ COMPOI; N O S EVAL ~ ATF.D AS ~kE ~ XT t~~~ I~~’ ACE NTS flR

ROOM TE MPF RA T UR E , 300-50( 1 mm ~~‘ AE S )L~~~E PRESSURE

I — _____ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _

Pe~3k in

Cur ve
Compound Eorn,uL~ Compound u r -  o 1

CBr 2 P~ fl1hr~ mod~ f r n E - ~~iane 4 .2

I CBr
3F T r i b r om o f I ~~o r o mer h a op  4 . 3

CF3CHBrCH 3 2-Brom o-1.lj-L r~~~ .~~r~~-~~rv r ~~ne

CBrF
2
CB rF 2 1 2-Dihromcte-r~ f~ ~~roethane -.

CF2ICF 2I Te r r 1 r v - 1 , 2 - ~~i: oeth~ r.~ 5 .0  ~ -

I CH
2
B’2 

Ci~~r m ~~~~~n~ 5 2

CF 3 CF 2 I Pentaf luoroiodoethane 5.3

CF CH CH~Br 1-Bromo-1 , 1 , 1-rrif 1uorooror~.i-~ -- 5. 4
a.

CH 3CN2I E~~hv1 iod~~.1e 5 6

CF CF 8r Pr ,cr~~~o-. .v iuor-~ethaoe 6.1
1 3 2

CH
3I ‘~~~ h-v c i i d ~ 6 .1

C8rF 3 Sro moc r cv i loromet ha ne 6 .1

I CH 3CH 2 Br E t hy l hror ~~1e 6 . 2

I CH 2BrCF 2 CM 3 - E r o ~io-2 . 2-dif1unropropane 6 . 3

I 
CCIF2CHBrCH 3 2-B rom o-1-ch loro-1 , 1-dif luoro-nropane 6 4

CH8r 2 F Dihromo~ Iuoromethane 6 . 4

CBrF 2 CH2 Br 1 . 2 -C ih r , , mo-1 , l-difluoroethane 6. 8

I CF 3CR 2 Br 2-R romo - t . 1, 1-trifluoroethane 6.8

C
6~ 11 C2F5 Perfluoro (erhvlcyclohexane) 6.8

1 , 3-C 5
F1 (CF

3
)
2 

Perfluoro(1 , 3-dimethvlcyclohexane) 6.8

I 1,4-C
6
F 10

(CF
3
)
2 

Perfluoro(1 , 4-di-’iethvlcyclohexane) 6.8

CF 3I Trifluoroindomethane 6 . 8

CH2BrCH2C1 1-Rromo- 2-cbloroethane 7.2

I CCIF CH Br 2-Rromo-i-C hloro-1 l-difluoro-ethane 7 2

C6F11CF
3 

Perfluoro(methvlcyclohpxane ) 7 .5

C 7F16 Perf1uorohe~ tane 7.5

I CH
2
BrC1 Bromochloromerhare 7 .5

CHBrF
2 

Bromodifluoromethane 6 4

I CC L F 2CCI 2 F l l 2 - tr i c hl oro t r if l u o r oe t ha n e  9.0

CBrC 1~ 2 Bromochlnrodifiuoromethane 9 3

HBr Hydrogen bromide 9. 3

J 
CH3Br Methyl bromide 9. 7

CF2-CHBr 2 , 2-fli fluorovinvl bromide 9.7

C4F10 Perfjuorobueane 9 8

( SiCI4 Silicon retr achiorile 

- -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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______________ 

T5 ) le  ~~~~

~~~~~ in
F1~~~r~ .~- :  lit

- C~ r-j e
Compound F v r r  L.~ °,v~~~~ir~d ~L~ :~o 

~)I

CBr F
2CBrCIF l . 2-bibromo- 2-ch oro-1 . i. 2 - t r -~ ) r - -eth.1o p IC B

CCIF 2C C I F 2 1 . 2 - d i c hj r e t r l - , r . , e r F i , o -.~- • 1-) 6

CCI 4 Carbon t e r r i n~~v r L d e  : 1 .5

CF 3 CHC 1CH 
~ 

2 — ch io ro — 1 1, - t ri f luor. . .~i.3ne 1 2 . 0

CF
3

CH2CH2CI 3-chioro-I l , 1- r ri fluo r 7ropane 12 .2

CCIF 3 1ar~ Lr i f1u ,v r - ~oethane 17 . 3

CF 3CF 3 Flexaf luoroethane 13. 4

Cd 2?2 Oichlorodif iuoromet},ane 14 . 9

CHCI
3 Chloroform 17 .5

CHF 3 Trifluoromethane 17 8

CHC1F
2 Chlorodjfiuoromethaoe 17 .9

C 4F8 0 c ta f l u o r o cv c 1~~ u r v n e  16.1

SF
6 

S u l f u r  h e x~ f 1- :c r ide  20 .5

BF 3 Boron t r if luor ide 
. 

20.5

PCi
3 Phosphorus t r ichlor ide 2 2 5

MCi Hydro%en chloride 2 5 . 5

CF4 Carbon tetra flu orid e 26

CO2 Carbon dioxide 29.5

H
20 Water ‘8

(C 2F5 ) 2 NC 3 F 7 Heptadecaf 1uoro ( ’ 1 . ’~- I iet hv 1-oropv1ami ne - 8 . 5

CH 2 C12 Dtch lvro- ’ ;eth.u ~ -11

r
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the efficiency of a given halogen containing fire retardant follows the order

I
For practical reasons , iodine compounds are not usually used , they undergo

I decomposition too easily on storage. Mostly,chlorine and bromi ne compounds
are used and their mode of action is usually attributed to the ready release

I of bromine and chlorine with the fo rmation of HBr and HC1 . The latter can
act as good H atom scavengers and the element Br or Cl can remove radicals
suc h as CH 3 with the formation of CH3Br .

1 In one article 3 the author dismissed fluorine compounds as possible flame
retardants since the CF bond is so strong that it (presumably fluorine) cannot
serve as a radical trap. It is indeed true that the CF bond is extremely
stabl e and that the H atom reacticn sink mechanism ,

H + HF+ H2 
+ F

will not occur (cf HBr and HC1 ) since the energetics are not favorable.
1 However , in Table 1 it will be observed that the completely fluorinated

species C6F11
C2F5, 1: 3 C8F10 (CF 3)2, 1:4 C6 F

10
(CF3)2, C6 F

11
CF3 and C7F

16 
are

better fire retardants than many chlorine and bromine containing compounds ,
including HBr and HC1 .

I It Is clear that the mode of action of these compl etely fluorinated corn-

- 
pounds as fi re retardants cannot be the same as those containing chlorine
and bromine. The fact that C2F51 is markedly more effective than CF3I Is
also evi dence that the fluorine moiety in the molecule is of importance since
the C-I bond dissociation energi es for both compounds only di ffer by about

-

~ 4 percent. In one study using a mass spectrometer to sampl e a diffusion
flame containing CF3Br

5, CF3 could not be detected, presumably because of
its low concentration , though it was suggested that it probably played an

• important role in the fi re retarding action but exactly what, was not clear.

In essence, the above briefly suninarizes the state of knowledge on the

r details of halocarbon fi re retardant action at the time the present study
was initiated. Since it appeared likely that perfl uoro radicals might play

- an Important role In flame retardancy, the present study was initiated to
characterize some perfl uoro halocarbon free radicals and thei r possible
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I

oxidation products using matrix isolation IR spectroscopy . It was hoped that
the radical species shown in Tabl e 2 coul d be generated and characterized.
Essentially, complete success was obtained for items 1 , 3, 5 and 6 and the
results from these studies are incl uded in this report in the form of papers

I submitted for publ ication. For items 2, 4, 7, 8 and 9 either the desired
result was not obtained , or the data defied interpretation , or insufficient
time was available to obtain all the experimental data required to make a
complete analyses . The results of the studies concerning items 2, 4, 7, 8
and 9 will be briefly presented .

2. RESULTS
1 2a. Matrix Studies to Identi fy CF3O

The pyrolyses of CF3OF and CF300CF3 were both tried as potential sources
of CF3O. Experiments wi th CF3OF only resulted in the formation of COF2 and
possibly a little CF4 and no other products as identifi ed from the IR spectra.
The pyrolysis of CF300CF3 gave results which were somewhat more encouraging.r Mixtures 0f CF300CF3 in argon ranging from 0.05-0.30 percent were pyrolyed
In the plantinum effusion tube at temperatures from 300-600°C. Flow rates
for the Ar + (CF 3)202 mi xture and the argon matrix were similar to those used
in the CF3I + 02 experiments . Very little decomposition of the parent corn-
pound was observed unless the pyrolysts temperature was above 450°C.

t. It soon became apparent that the pyrolysis of the peroxide was dependent

- on the pyrolysis surface. The best resul ts were obtained after conditioning
the platinum pyrolysis tube at 700°C wi th a slow flow of C6F51. Some success

- 
was also obtained using pyrex and LIF lined pyrolysis tubes without conditionin a
wi th C F I. Unknown absorption bands occurred at 1276 and 1234 cm* COF
was always the major product and overlapped partially the 1234 cm feature.
Other minor products identified were CF4, C2F6, CF3, CF2 an d C2F4. 

-1Several unidentified weak bands were observed in the regIon 600—1200 cm
but did not correlate with the two features at 1276 and 1234 cm ’. Because

the major decomposition product was COF2 it was not possible to build up very

high concentrations of the species responsible for the 1276 and 1234 cm

t features.
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Ta b le 2
PERFLUOROHALOCARBON RADICAL SPECIES SOUGHT AND METHOD

OF PREPARATIO N FOR MATRIX STUDIES

Radical
1. CF302 Pyrol ysi s of CF 3I or CF3Br and

su bsequen t reac tion of CF 3 with
an 02 doped matr i x

2. CF3O Pyrolysis of CF3OF and CF3O2CF 3

3. C2F~ Pyrolysis of C2F51

1 4. C~F5O~ Pyrol ys i s of C2F51 and subsequent
reaction of C2F5 with an °2 doped matri x

5. n-Cj~ Pyrolysis of n-C 3F71

6. iso—C 3F7 Pyrolysis of iso—C 3F7I

7. t-C4F9 Pyrolysis of t-C4F91

8. C6F5 Pyrolysis of C6F51

9. C6F502 Pyrolys i s of C6F5I and su bsequent
react ion of C5F5 with an °2 doped matri x

1

I
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The appearance of only two absorption bands in the 1100-1300 cm~ region ,
where C— F stretching vibrations occur with good absorption intensity , woul d be
consistent with thei r assignment to a species CF3O for which only two C-F
stretching modes woul d be expected on the assumption of C3v sylTiTletry . If this
assignment is correct, the failure to observe the four other IR active fre-
quencies would simply infer that they have low absorption coefficients and
our inability to build up large concentrations of the unknown compound pre-
cluded their detection.

It is possibl e that If more time had been available to search for a more
unreactive pyrolysis surface , a more definitive conclusion coul d be obtained
from the pyrolysis of CF300CF3.

2b. Matrix Studies to Identify C2F502

An attempt was made to identify the species C2F502 by pyrolying C2F51
to form the radical C2F5, and allowi ng the latter to react wi th an argon matri x
containing oxygen during matrix deposition. The experimental conditions used
were a composite of those given in the appendi x for the identifi cation of

16 18 16 18
C2F5 and CF302. Oxygen isotope studies were made wi th 02~ 

02 and 0 0.

Typical spectra of the 1350-900 cm~ region are shown in Figure 1. The
dotted curves are the spectra obtained at short deposition times , and the
full line curves the analogous spectra at somewhat longer deposition times .
In the spectra the various known chemical species are identi fied and new
unknown absorption bands indi cated wi th question marks . It is at once
apparent from these spectra that absorption band overlapping was particularly

severe in these experiments , and in fact it was impossible to make any really

definitive assignments for the unknown absorption bands . A careful search
was made for an 0—0 type stretching frequency In the 1000—1100 crn~ region
showing an isotope shift, v(02)/v(02) of about l~05 as found in CF302.
No such frequencies could be clearly i dentified , though unquestionably bands

which showed frequency shifts on 0 and 0 isotopic substitution could be
• 2 16 16 2 18  18

easily Identified. With the mi xed 0 , 0 0 and 0 isotopes a triad of bands

r at about 1041, 1028 and 1016 cm was tentati vely identified which could
conceivably be assigned to a C—O stretching vi bration. If indeed this assign-
ment were correct, and the species responsible,C2F502, then it woul d require
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that the C—U stretch in this radical is almost 200 cm~ larger than in CF302.

I 
Indeed the C-O stretching force constant in CF302 is rather small by com-
parison wi th other C-U stretching frequencies , so a larger value in C2F502
is perhaps not unreasonable.

I In the CF302 system, fairl y substantial amounts of COF2 were formed.
CF3CFO, perfl uoroacetyl fl uoride ,an analogous product which mi ght possibly
be expected in the C2F5 + 02 system was not found .

As noted earl i er no absorption bands corresponding to an expected 0—0

I stretch coul d be i denti fied . This shoul d not be taken as evidence that
C2F502 was not present in the matrix since the 0-0 stretching mode coul d
simply be overlapped with absorption bands from other species . That CF302
readily forms by the interaction of CF3 with °2 strongly suggests that the
analogous compound C2F502 also exists . It seems hi ghl y probable that if the
capabilities of the more modern IR spectrometers were used to study this
system, computer aided spectral subtraction techniques would enable interpre-
tation of the spectra to be made .

2c. Matrix Studies to Identify t-C4F9

With the same procedures as used in the formation of CF3, C2F5, n-C3F7I and iso C3F7 a sample of t-C4F71 was pyrolysed at 
r~550 C , a temperature at

which the former perfluoroiodides showed substantial decomposition , and the
products isolated. The IR spectrum clearly showed that essentially all the

t-C4F91 was destroyed and a singl e new product perfl uoro—2-methyl propene
formed. The pyrolysis temperature was progressively l owered until at 300°C
about the same fraction of the iodide was decomposed (40-60%) as with the
lower perfluoro alkyl lodides at 550°C. In experiments wi th relative short
deposition times only t-C4F9I and the propene C4F8 were identi fied as the

i pyrolysi s products. However, at long deposition times a weak band at 603 cm 1

I began to grow—in which could not be assigned to either of the above species .

1 In view of the markedly di fferent pyrolysis behavior of t-C4F91 compared
1 to that of the lower perfl uoroakyl iodides it appears possible that the

primary bond breaking process may not be the same in the former as in the

I latter. Recent measurements~
4
~(have shown the fol lowing C-I bend

energies In CF 1(52.6 k cal mol ’),
l I T  R E S E A R C H  I N S T I T U T E
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I

C2F5I(5O.6 k cal mo1~~), n-C F 1(49.2 k cal mol
d) iso—C F 1(49.2 k cal mold )

and n—C4F91(48.4 k cal mol ). These values are a little lower (3—5)k cal mol
than found in the corresponding hydrogen substituted compounds . The C-I bond
energy - in t—C F I is not known ; the corresponding value in t-C H I is 55.7
k cal mol suggesting a value of 52 + 3 k cal mol for the perfl uoroiod ide .
Under the low pressure pyrolysis conditions used in the present study , a C-I
bond energy of this magnitude would require a temperature of 500-600°C to
affect substantial decomposition assumi ng C-I bond fission is the primary
process and that the pre-experimental factor for the reaction is approximately
the same as in the lower homologues , as woul d be expected . The low pyrolysis
temperature of 300°C thus appears to imply a C-I bond energy in t-C4F91 of
35 k cal mol~~ ,a val ue which seems much too low compared to the estimated

value of 52 k cal mol~~. These conflicting data may be reconciled if the
primary b?nd breaking process in t-C4F91 is not C-I bond fission , but rather
a concerted elimination reaction in which a four centered complex is formed
with the elimination of lF. This type of reaction is wel l known in some
alkyl halide pyrol~yses in which HX is el i mi nated from four a centre reaction
complex resulting in an acti vation energy markedly lower than that
corresponding to the C-X bond breaking energy, if that were the primary
process. Some further evidence in .~upport of such behavior may be inferred
from the appearance of a weak absorption band which grew in slowly at 603 cm~~.
In the gas phase , IF has a fundamental vibration frequency of 604 cm~~, and
the 603 cm~ matri x band could wel l be due to this specie which a concerted
complex fission process would require to be formed. It is possible that IF
could be formed by reaction between F atom and I atoms in the matri x due to
poor isolation; the F atoms arising from the reaction t-C4F9 

-‘ C4F8 + F.
To eliminate this possibility,t-C4F91 was pyrolysed into argon matrices
containing 5 percent CO and 5 percent O2~ 

respectively. Experience has shown
in this laboratory and elsewhere that F atoms will react with CO and 02 under

our experimental conditions to produce FCO and F02. In neither case was
any evi dence found for FCO or FO formation and the absorption feature
attributed to F! at 603 cm was unaffected.

In concl usion the above evidence strongl y suggests that the pyrolysls
( of t-C4F71 at + 570K occurs via a complex four centered el imination reaction

- 

~
. 
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with the formation of perfl uoro-2-methyl-propene and IF rather than simple

I fission of the C-I bond as appears to be the mechanism in pyrolysis of the
lower perfl uoro-alkyl iodides .

I 2d. Matrix Studies to Identify C6F5 and C6F502

The pyrolysis of C6 F51 required temperatures of 1 000-1100K to obtain
substantial decomposition , some 100-200K higher than in the C1-C3 perfl uoro
iodides , a finding consistent with C-I bond dissociation in C F I at 277 kJ
mold (6) This latter value was determi ned using the tol uene carrier gas
technique . The presence of the C6F5 radical in the system was inferred from
the formation of C6F5H by H abstraction from the tol uene carrier gas. In the
matri x study the only products found on pyrolysis of C6F5I were unreacted

j  
C6F51, CF4, CF3, and CF2 in approximately equal amounts . No evidence of
absorption features attributable to any other species was found. These
results imply a complete breakdown of the benzenoid ring structure on pyro-

I lysis. When the pyrolysis products were trapped in an argon matrix con-

tam ing 5 percent O2~ 
CF302 (7) was immediately recognizable in the product

1 spectrum. No F02 was found , indicating the absence of free F-atoms in the
pyrolysis reaction; nor was there any trace of COF2, invariably found when

I CF 3, formed by the pyrolysis of CF3I, was allowed to react with an oxygen-
doped matri x in an earlier study (7) . Substantial amounts of CO and CO2
were found; whether their formation occurred in the pyrolysis tube (by

possible diffusion of 02 into the pyrolysis zone) or by reaction of some
- carbon fragment in the matri x was not clear .
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I
IR MATRIX ISOLATION SPECTRA OF SOME PERFLUORO ORGANIC-FREE RADICALS
PART 1. C2 F5

R. BUTLER and A. SNELSON

III Research Institute , 10 W. 35th Street , Chicago , Illinois 60616

SUPV1ARY

The pentafl uoro ethyl radical has been prepared by the pyrolysis of
C2F5I in a platinum effusion tube at ~65O°C and isolated in an argon matrix.
By elimination of absorption bands attributable to known fl uo ie compounds
and from relative intensity measurements on the remaining bands , twenty
frequencies were assigned C2F5 in the spectral range 4000-200 cm~~. Four-
teen of these frequencies were assi gned as fundamentals of C2FS , with C~
symetry, and the remainder to combination or overtone modes of the radical.

INTROD UCTION

The matri x isolation technique in conjunction with a variety of
spectroscopic methods is now wi dely used for studying organic-free radical
species [1]. In the majority of past studies free radicals have been gener-
ated by photolysis of suitable precursors in situ in the matrix , after, or
during its deposition . Alternatively chemical abstraction reactions during
the deposition process have been widely used (2]. The generation of radi-

cals in molecular beams by pyrolysis of suitable precursors, with subse-
quent isolation in matrices , has , by comparison with the above approaches ,
rarely been used.

Some years ago in this laboratory the pyrolyses of CH3I , (CH3)2Hg [3],

• CF3I. and C2Fk 141 we’~e used to generate the radicals CH3-, CF 3-, and CF2 ,

respectively, for subsequent trapping in neon matrices. The three IR active

frequences of CH3 were first identified in these studies as a subsequent

investigation verified (5]. Despite this success of the pyrolysis approach ,

few other workers tried the technique . Possibly the rather complex appear-

ance of the resulting spectra, due to the presence of a variety of stable
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and unstable products formed either in the pyrolysis , or by subsequent
reaction in the matri x , detered other workers .

Recently we have had the opportun i ty to retry the pyrolsis generation

( of free radicals for IR matrix isolation studies . Perfluoro radicals have
been investigated exclusively. In general , these species are considerably
more stable than their hydrogenated analogues and this may have contri buted
in some measure to the success of the present studies . Much cleaner spectra
have been obtained than reported in our earlier studies [3,4]. In this
paper we present data on the IR spectrum of C2F5 formed via the pyrolysis
of C2F51.

EXPERIMENT AL

The experimental arrangement used in the present studies was very
similar to that reported earlier [3,4], but with some variations which will
be outlined . The liquid helium cold finger was replaced with an Air Pro-
ducts CS202 Displex closed cycle refrigerator capable of temperatures at
the cold finger of 10-11 K. A platinum pyrolysis tube similar in dimensions
to that used previously was inductively heated. The end of the tube closest
to the matrix window was not attached to a water-cooled plate as required
In the earlier configuration when resistance heating was used , but remained
free. To minimize radiation from the pyrolysis tube reaching the matrix
window , a water-cooled baffle wi th suitable skimer orifice was interposed.
Temperatures coul d be measured with an optical pyrometer. The pyrolysis
temperatures were much lower than In the previous study (~13OO0C) [3,4]

• and in practice , the temperature was fi xed by setting the current output of
the rf. generator at a given value . It is estimated that pyrolysis tempera-
tures were in the range 600-700°C.

C2FSI was stored in a 1-liter flask and its flow into the pyrolysis
reactor controlled by a Granville Phillips all stainless steel leak valve.
The low pressure side of the variable leak valve was monitored by an MKS

Baratron capacitance pressure gauge. The C2F5I was leaked into the pyroly-

sis tube at rates of 8 x io~ to 4 x i0~ moles hr ’. From the geometry of

the system, It was estimated that between 1-10% of the effusate reached the
cooled window . Argon was used as a matrix gas in all experiments being bled
In at (2-4.5) x iO~ mole hr ’. Matrices were deposited over periods of
ttme ranging from 2-30 hrs. Spectra were recorded on a Perkin Elmer 621

spectrophotometer. Reported frequencies are believed accurate to ±1 cm 1

-In the 2000-200 cm ’ region examined.
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MATER IAL S

Linde Ultra High Purity Grade argon was used for the matrix gas. The
following ha1ocarbons——CF~, C 2 F., C2 F6 ,  C 3 F6 ,  n-C k F9 ,  and C2 F5 1——were
obtained either from Matheson on Penins~1ar Research Lhemica ls , Inc. Stated
purities ranged from 97 to 99.7%. All these materials were subjected to
trap-to-trap distillation at liquid nitrogen temperature prior to use.

RESULTS AND DISC USSION

The general experiment& approach used in the present study was first
to obtain matri x spectra of C2F5I and its possible stable pyrolysis products
(the fluorocarbons listed above); second , to obtain matrix spectra of pro-
ducts from the C2F5I pyrolysis; third , to identify known stable and unstable
halocarbons (CF2 and CF 3) in the resulting spectra ; and fourth , to make
relative intensity measurements on the remaining unknown absorption bands to
identify conron precursor species.

The pyrolysis of C2 F~I is expected to result in the scission of the

C2F5—I bond (C—I bond energy = 220 ±4 kJ rnol ’) [6]. In preliminary experi-
ments , various pyrolysis temperatures were tried , from approximately 600°C
up to about 750°C. At the l ower temperature very little pyrolysis occurred ,
whereas at the higher temperature , decomposition of the C2F5I was extensive ,
with formation of quite large amounts of CF 3 and CF2 , in addition to other

unknown species being recogn i zed easily from the spectra. The pyrolysis
temperature used in the final experiments was a compromise between maximizing

C2F51 decomposition and minimizing CF 3 and CF2 formation ; this temperature ,

as noted ear li er , was in the range 600-750°C , resulting in approximately

20-40% decomposition of the C2F51.
Under the optimum experimental conditions used in most of this study .

the pyrolysis of C2F5I resulted in matrix spectra , which , from a cursory
examination , appeared to consist of only two major components , unreacted

C2F5I and a second unknown compound. Weak absorption bands attributable to

CF4, CF 3, CF2. CF 3 I , and possibly C2F~ were usually identifiable in the

spectra , Increasing -In intensity somewhat at the higher pyrolysis tempera-

tures. No positive identificat ion of absorption bands attributable to C2F6 ,

C3F6, C3Fe, or n-C~F10 was ever made in a total of some 25 
pyrolysis experi-

ments.
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In organic fluorine compounds , carbon-fl uorine stretching modes usu-
ally occur wi th strong absorption intensities while the bending modes are
typically some one to two orders of magnitude weaker [7]. Because of this ,
characteristic matrix deposition times of 1-2 hrs suffi ced to obtain moder-
ate absorption band intensities for the C—F stretching modes in the 1400-
1050 cm ’ region , whereas up to 30 hrs deposition time was required to
obtain moderate , and in some cases still quite weak intensities , for the
l ower frequency bending modes .

As noted above , C2 F5I was a major species present in all the pyrolysis
spectra and for this reason several reference spectra of this compound were
obtained at low and hi gh intensity for comparison purposes. At moderate and
high optical densities , the C2 F5 1 spectra contained numerous absorption
bands , and the spectra were carefull y compared with those in the literature
[81 . A total of some 34 overtone and combination bands were i dentified in
the 2000-200 cm ’ region which had not previously been reported. They
could all be accounted for in terms of the originally assigned fundamental
modes [8] of C2 F51. These data are not included here since they in no way
alter the earlier vibrational assignment for the molecule.

In Figures 1, 2, 3 , and 4 the spectra of C2F5i pyrolysis products in
the region of interest are presented. Spectra were carefully examined at
short , medium , and long deposition times with comparable spectra (similar
optical density) of C2F5I and the other fluorine species noted above . Ab-
sorption features attributable to known molecular species were assigned ,
leaving a total of some 20 absorption bands for which obvious assignment to
known species was not possible.

Optical densities for these 20 absorption bands were measured and are

shown in Table 1. The omissions in the table are due to the particular

absorption feature being too weak or too strong for meaningful measurement.

Absorption bands at 703 and 604 cm~ were chosen as reference features and

the relative intensities of all the other unknown absorption bands with

respect to these two were calculated. Th- band at 703 cm ’ was selected

since it was of medium intensity and coul d potentially provide a good refer-

ence , both for the stronger stretching modes in the higher frequency regions
and the weaker bending modes at lower frequencies . Unfortunately, this band

overlapped the Va frequency of CF3 at 701 cm ’. The latter is ~~ of the

weaker bands of CF3, but since the amoun t of CF 3, which was generally small ,

var ied somewhat from exper iment to exper imen t, due to the rather Imprecise
temperature control , its value as a reference ban d was in some measure

4

- - .— -. -‘_____ - — ~~~~~~J- -~~~s - -

V

-



_ _ _  I

4 + 1

-kL____

__  IL
I •

_________  .8
3 ~~ 

I

.

8
(4US3J$d ) •3UD44IWSUDJ i

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~

V

-‘-3. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- TTh ._J c* Cl,

_ _ _ _  

__ *

1~~~~~~~

U ) !

r 2Q.
V
I —‘~~~~~~

0 N

-

I
4+

2 N

I

— o  *

I~. C

*
*0 _ _ _ _ _ _ _

I~~~~~
— , ,7 .’ _ ___

i I
0 0 0 0 0 02 CD N

( $Ua~ J$d ) •3U044 1W$U Daj

I I
6

~~~~ 
/~~~~~~~~

_ _ /
t 

- 
— - - —--— •

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



I

L..

LL.

>~~

40
- J .

_ _  

- ~~~~~~~~~~~

1~~ _ 4+
_ _ _ _  

U

I — 
-

~~~~~

I I 

-

o
(Ju~~ Jad ) ~~~UO4j I WSUO J J

F t
I; I

7
-

-- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~ -— ~



- — 0
N

4+

(1U~3Jad ) •~~UO44 IWSUD 4J

1
_a

1 8

~~~3. ~~~~~~~~~~~~~~~~~ -~~~~w~~~~~~- ~~~~~~~ 
- _________



- I 0 0~~~~~~ 5~~~~ ~~~~ — ~~ -

— -
‘I, — • S I I I I 4 • •  0 = 0 0 — = — I

- 0~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- = 0 0 0 0 0 0

I 

0~~~~~ I~ -~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
d d  ~~~~~ o~~~~ o o o 0

- — — * 0  
• 1

I •~: L.~ ~~~~~~~~~~~~~~~~~(
0 

t

—~~~ .‘~~~~ 
, • , . , , , • , . - •

I .!!

I -‘
~

— e  • - i ’ s . - ’ ~~~~~~~~ • ’ ,

a

I

- ! ~!
L 

— 0 0 0 0 0 0 0 0

4, * 0 0
- — 4, — C

~~ 
~~~~4, • * •~~~~~~~~~~* 0

— 0 0 0 0 0 0 0

S 0 fl 4, C
— — — ,o S c’.~~~ a

— * v.~ •~ e — • • . . , . s ,

C O - a~~~~~P-. . 4 ,

— 0 0 0 0 0 0 0

2

I .
~~~ • • - • • • • • ‘ •  

4,

Z o d d d d ~~ ~ I’I

1~
C

V

I .

9 

--- - -
_--- ~~~~~~~---~~~ -- - - -

C 
~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~

‘ 
~~~~~~~ 

—:-- — 
~~~ ~~~~~ ~~~~~- —-- -—-—- •— - — .—-— ~~~~~~~---- .-.—~~~~~-4 ---



compromi sed. Because of this difficulty , the weaker 604 cm ’ absorption
band was also used as a reference since it did not suffer interference from
any known species .

The standard deviation of the derived relative intensity ratios is
presented in Table 2 together with some comments as to experimental diffi-
culties associ ated with the individual measuremen ts. Not mentioned in this
connection are the difficulties associated with spectrometer response. In
experiments wi th heavy matrix deposits , matrix transparency was markedly
reduced in the hi gher (>1 ,000 cm ’) frequency region . For the weaker bands
in this range , optical density measurements are likely to have considerable
error. In the low frequency range below 250 cm ’, although matrix trans-
parency was never really bad, the intrinsic spectrometric performance was
not very good , due to a combination of low energy and background water vapor
absorption .

Because of the above difficulties related to the optical density
measurement s , it was considered unrealistic to select a single criterion for
all the absorption features (i.e., some arbitrary upper limi t to the preci-
sion of the relative intensity measurements) for determining which absorp-
tion bands could have common precursors . Rather , each intensity correla-
tion measurement and its associated standard deviation was considered to see

if it fell within a range commensurate with the measurement problems , if
indeed the two bands did have a common source . Assum ing good instrumen t
response and no problem with defining the correct base line , individual
relative intensity measurements can be expected to be accurate to within
about 2-12% in the 5-95% transmission range . For bands designated as vvw
(Table 2) or those for which peak definition is complicated by partial over-
lap with other species , making correct base line definition uncertain , the
higher limit to the expected accuracy is probably about 45%.

With the above considerations , the intensity correlation data shown in
Table 2 may reasonably be taken to indicate that all absorption bands listed

could have a common precursor. Assum ing the correctness of the conclusion ,

a better correlation obtains for the data based on the 604 cm ’ band (aver-

age standard deviation &= ±15.7%) than that obtained from the 703 cm 1 band

(&=±19.1%). This is consistent with expectations mentioned earlier due to
partial overlap of the 703 cm ’ band.

At this point , it will be assumed that the most likely candidate re-

sponsible for the absorption bands listed In Tabl e 2 is the radical C2F5
and an attempt will be made to assign the observed frequencies on this basis.
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Very little is known of the structure of C2F5. An EPR experiment covering a
broad temperature range led to the conclusion that the radical site was py-
ramidal (14] , as in trifluormethyl , and that there was a barrier to rotation
about the C—C bond of 11.9 kJ moY’. Such a structure implies the radical
belongs to the Cs point group -in which all 15 fundamental frequencies are IR
active .

In making the tentative assignment shown in Table 3, earlier frequency
assignments made for C2 F5X ( X  = H [9], F [8] , Cl [81 , Br [8] , arid I [8]),

CF 3COX (X = F [10] , Cl [11] , and OH [12]), and CF 3NF2 [1~ have been used
for comparison . Five C—F fundamental stretching modes are expected in the
1400-1100 cm ’ region with good intensity . There are fi ve obvious candi-
dates at 1398, 1273, 1184, and 1117 cm 1 . The three higher and the two
lower sets of frequencies are assigned to CF 3 arid CF2 stretching modes , re-
spectively [8]. The distribution of the frequencies to the specific vibra-
tional modes of the CF 3 group are somewhat questionable. There are some
indications that the symmetric CF 3 stretching mode lies at higher frequency
than the unsymetrical mode in many compounds [10,11 ,12,13] and on this
basis the frequency at 1398 cm 1 was so assigned. In C2F5X (X Cl , Br ,
and H), the highest frequency has been assigned to an a ’’ rather than an a ’

mode as in the present case.
The two lowest frequencies in Table 3--at 211 and 227 cm~~--are

assigned to the v~ (a’) and v~. (a ’’ ) CF3 rocking modes . By analogy wi th
other molecules , this assi gnment seems fairly certain. The value of the tor-
sional mode at 67 cm ’ was calculated based on the barrier height to internal

rotation obtained in the EPR study [14]. -

The assignment for the specific CF3 and CF2 deformation modes is at
best somewhat arbitrary . The unsymmetrical modes appear in the 770-540 cm ’

region, while the symmetrical modes lie at somewhat lower average frequencies

of 660-310 cm 1 . There are obviously several frequencies in Table 2 which

could be assigned to the CF3 and CF2 deformation modes. A total of seven lie

in the expected range for these modes of 770-310 cm ’. Because of this situ-

ation , the best that can be said of the assignment in Table 3 for the lower
bending frequency modes is that qualitative ly they are reasonable , but that

several other permutations of the frequencies would be just as acceptable.
A similar situation exists for the assignment of the v~ , C.-C stretching

frequency. In other carbon-fl uorine compounds , the frequency appears to fall

within the range 940-750 cm~~. In Ta bl e 2 , there are three frequencies at
820, 898, and 956 cm 1 which could be considered . In addition , there are two
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Table 3

- TENTATIVE FUNDAMENTAL FREQUENCY ASS IGNMEN T FOR C,F5

Frequency Approximate Mode
Vibrational Mode cm Description

Species a ’

1398 Sym CF3 stretch

V2 1273 Unsym CF3 stretch

V3 1117 Sym CF2 stretch

v~ 820 - 1040? C—C stretch

703 Unsyni CF3 deformation

V~ 604 Syn CF3 deformation

514 CF2 deformation

419 Sym FCC angle bend

V9 227 CF3 roc k

Species a ’

v 10 1227 Uns,ym CF3 stretch

J Vji 1182 Unsym CF2 stretch

V 12 
- 

694 Unsym CF3 deformation

V 13 366 Unsym FCC angle bend

211 CF3 rock

V 15 67 Torsion

II 
-- 

13 

-— 
I

- -

w- ~~~~~~~~~~~ 
— 

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~
‘-

~~~ ~ 
- -— ‘-

~~~~~ 
— - —



bands at 1012 and 1040 cm~ which , although at somewhat hi gher frequenc ies
than noted above , mi ght also be candidates . Al though by no means compelling
ev idence in its favor , it is interesting to note that of the above five fre-
quenc ies , only that at 1040 cm~ cannot be accounted for in terms of sum or
difference frequencies of the other assigned fundamentals. Because of these
uncertainties , the assigned C—C stretching mode in Table 3 is simply denoted
as the extreme limits covered by the five possible observed frequencies.

There are only two other frequencies in Table 2, at 1410 and 1193 cm~~,
which have not been discussed . The former can be interpreted in terms of
combination modes of the assigned fundamental , but not the latter. Since
this feature is extremely weak and in close proximi ty to the very strong
1182 cm ’ band , it is possible that it may represent some matrix effect on
this frequency.

The above may only be regarded as a tentative vibrati onal assignment
for C2F5. However, the magnitudes of the frequencies are in a range which
would be expected of the radical , assuming that the approximate tetrahedral
structure at the radical center is retained. Indeed , the frequencies
assigned in this investigation to the C2F5 radical are almost identical with
those estimated by approximating procedures using C2F5H as a model compound

and eliminating the three carbon-hydrogen vibration frequencies [14,15].

This finding is reassuring since the latter approximating procedures for

carbon-fl uorine radicals has only been tested to date on CF 3, for which it

also works wel l , and gi ves added confidence to this method for estimating
frequencies that are required in the computation of thermochemical quantities

Cp° and S°. In the near future , we will present a normal coordinate analysis

for the C2F5 radical based on these results.

The authors are grateful to the Army Office of Research for supporting

this study.
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ZR MATRIX ISOLATION SPECTRA OF SOME PERFLUORO ORGANIC FREE RADICALS
PART 2 , CF102

by

R. Butler and A. Snelson
lIT Research Institute

Chicago , Ill Inois 60616

ABSTRACT

The radical CF302 has been formed by allowing CF 3 radicals , produced
by the pyrolysis of CF3I , to Interact during condensation with an oxygen
doped argon matrix gas at 12°K. 16O~ , , and 160180 Isotope studies
cl early demonstrated the presence of two symmetricall y non-equivalent oxygen
atoms in the molecule. Assuming Cs symmetry , 10 of the 12 possible fundament-
al vibrational modes were Identifi ed In the spectra l range 2000-200 cm ’ and
a tentative frequency assignment made.

INTRODUCTION

Peroxy radicals of the CFnCI 3 ...nO2 (n= 0 to 3) are of Interest for thei r
possible role in stratospheric photochenhlstry (1) of ha l ocarbons , and the per-
fl uoro compound , for its possible Involvement in combustion inhibition when

CF3Br is used as a fire retardant. Photol ysis of CF300F and CF3000CF3 in
argon matrices resulted -In the appearance of two absorption bands at 1173 and
1094 cm-’ which were tentatively assigned to CF3O2.(~

) An earlier attempt to
fo rm the radical by pyrolysis of CF300CF3 with subsequent matrix isolation of
the products was unsuccessfu l~ ”) though Indication of formation of some rela-
tively unstable unknown species was obtained . To our knowledge this Is the
extent of current IR characterization studies on these peroxy-radicals.

Recently in this laboratory we have shown that the pyrolysis approach to
producing free radical species for subsequent trapping in Inert gas matrices
can be used effectively and have demonstrated the method to obtain the IR
spectrum of C2 F5 radlcal .(

~
) In this paper we report the infrared spectrum

of CF902 obtained by pyrolysing CF 3 I in a low pressure effusion tube and
trapping the resultant CF, radicals in matrices of oxygen doped argon and
pure oxygen .
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EXPERIMENTAL

The basic experimental arrangement has been described previous iy~~ and

onl y those details peculiar to the present investigati on will be noted . In

this study , the pl atinum pyrolys is tube , of the same di mens i ons as use d In
the earl i er st~~j, was heated resistively rather than inductively . This change

was made onl y because most experiments required pyrol ysis temperatures in the

550-650°C range . Such temperatures could be more conveniently measured using

a chromel—a lumel thermocouple than by usin g an optical pryometer which is

required when usIng RF heating . Mixtures of CF3I In argon were prepared con-

taining 0.3-0.05% of the iodide. These gas mixtures , or pure CF3I (in a few
experiments CF3Br replaced CF 3 I) were passed through the pyrolysis tube to

produce CF 3 radicals. Oxygen doped argon matrix gases containing from 5-20%
02 were used; in most experiments the 20% O~ fi gure applIed . In some experi-

ments isotopically scrambled oxygen , 16 0 18 0 , was used . It was prepared by

subjecting equimolar amounts of the pure components in a quartz flask at low

pressure to an el ectric discharge overnight followed by photolysis with Hg arc
2537 A radiation to destroy any ozone . Deposition times varied from 30 m m .
to 15½ hr , with as little as 150 cc to as much as 3300 cc NTP of matrix gas
being used . Spectra were recorded on a Perkin -Elmer 283 spectrophotometer .
Reported frequencies are accurate to 1.5 cm-’ in the 2000-200 cm-’ region.

MATERIALS

Linde Ultra High Purity Grade argon and Matheson Research Grade oxygen
were used for matrix gases . The following halocarbons; CFk , C2Fk, C2F6 ,

COF2 , CF 3OF , CF300CF3 , CF 3I and CF 3Br were obtained either from Matheson or
Penisular Research Chemicals , Inc . Stated purities ranged from 97 to 99.7%.
All these materials were subj ected to trap to trap distillation at liquid
nitrogen temperatures prior to use. ~~~ 99% isotopi c purity was obtained
from Prochem Isotopes .

RESULTS AND DISCUSSION

In this study it was hoped that CF302 could be formed by reacting CF3
radicals with oxygen during the matrix trapping process. Accordingl y, CF3
radicals were produced by pyrolysing CF3I alone and directing the radicals

2
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I into a matrix gas containing 02. Indeed a new compound was formed in this
way but concomitantly relatively large amounts of CF~ and COF 2 also resulted .
Experiments were tried with argon-oxygen mixtures containing from 5-20 ’ of
the latter in an effort to minimize the COF2 an d CF k formation with respect

to the amoun t of new compound formed. The onl y obvious effect this had was
to increase the amount of unreacted CF 3 radicals trapped in the matrix at
the l ower , compared to the higher , 02 concentrations. Further efforts at
reducing COF2 and CF~ formation centered on making Ar + CF 3 I m ixtures aid
passing these through the pyrolys is tube and directing the tota l effusate
Into an oxygen doped argon matrix gas. This approach proved quite success-

ful at reduc ing COF 2 an d CF~ formation relative to that of the new compound .
In most subsequent experiments , t herefore , about equal volumes of gases were

passed through the pyrol ysis tube as were separately injected for matrix
formation .

As In the earlier study on the C2F5 ra di cal , the same genera l experi-

menta l a pproac h was followed ; f i rs t, obtain matrix spectra of CF 3 I , its

possibl e stabl e pyrolysis products and pyrolysis oxidation products (the
fl uorocar bons listed above); second , obtain matrix spectra of CF3I pyroly-

sis products with and without oxygen in the matrix gas; third , identify

known stable and unstable haloca rbons (CF3, (6 ,7), CF2,(6 ,7), and C2F5(~ ))
and oxygenated products (COF2 , C0F ,(~), F02,(~ ), an d FO(’°)), and four , use
relative Intens ity measurements on the remaining unassigned absorption bands

to identify features associated with comon precursors . In addition to the
species liste d above which might have been formed under the experimenta l con-

ditions used , several others were also considered . Some of these compounds
although well characterized were not readily available. Thus , for CF30CF ,(~

)

CF2 (OF)2,(h1 ) CF 3OOF,(~
) and CF3OO0CF3(~

) literature IR spectra were used for
I . comparison purposes . The possibility that IO~ compounds mi ght have been

formed due to I atom interaction in the matrix was eliminated by deliberately

f dissociating molecular iodide vapor in the pyrolysis tube and allowing inter-
action wi th an oxygen containing matrix; no absorption bonds attributabl e to
IO, compounds resulted . The possibl e formation of IFx compounds was elim in-
ated by comparison with recently obtained matrix spectra ( 12) of IF , IF3, 12 F2 ,
IF5 , and 12F. Finally, the possible presence of 102 F and 10F 3 was negated by
comparison with literature spectra of these compounds. (’~

)
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I

I At the pyrolysis temperatures used in the investigation , with pure argon
as the matrix gas , it was estimated that >85~ of the iodide was decomposed .
CF 3 was the major species formed together with smaller amounts of CF2>CF~>C2 F6.
Increasing the pyrolysis temperature resulted in more CF2 being produced rela-

I tive to CF3 . The pyrolys is tempera ture range chosen was a compromise , aimed
at maximizing CF3I decomposition , and minimizing CF2 production. From the
initial experiments at short deposition times in which CF 3 was isolated in
oxygen doped matrices , a cursory examination of the spectra in the 1050-
1400 cm ’ range clearly showed the almost compl ete disappearance of the CF 3;
the presence of CFk and COF2 at moderate levels ;  minor amounts of CF 2 , C2F6
and unreacted CF3 I and several new absorption bands with intensities compar-
able to or greater than those of the CF~ and COF2 not readil y assi gnable to
any previousl y cha racterized species .

A thorough investi gation of these new absorption bands was undertaken .
Deposition times of from ½ to 2 hr were sufficient to characterize the hi gh
intensity stretching modes In the 1000-1400 cm~ region whereas deposition

1 times of up to 15 hrs were required to obtain spectra of the weaker bending
modes . Typical spectra resulting from the isolation of pyrolysed CF 3 I in

1 Ar + 20% 160 2, Ar + 20% 18 02 and pure ‘60 a matrices are presented in Figures
1 , 2, 3, and 4. The only marked difference In the spectra recorded using

I pure 160 2 rather than Ar + (5-20)% 16 0 as the matrix gases was the compl ete
absence of CF 3 with the former as opposed to a small amount found with the

I argon/oxygen mixtures . In the longest duration experiments the only other
fluorine compound unambiguously identified , not noted above from the initial

I studies , was F02 at very low levels.

In the most Intense spectra (16 02 experiments) a total of some 55 absorp-

( tion bands were identifi ed in the 2000—200 cm—1 region which could not be
readily assigned to known compounds. Absorption band intensity measurements
were made on all these features , though most of them , even in the most intense

I spectra , were extremely weak. Similar measurements were made on spectra con-
tam ing the pure 1802 isotope . Absorption band Intensity data were only
measured from spectra in which Ar + 20% 0~ matrices were used in an effort

- 
to min imize possibl e matrix site effects on absorption bond intensities due

4 
—

I I -  I ~1
.i:

- . .  — _——s -*- .. - - - ---- - — --

5. ____________ 
— ~~~~ — — — ______



I
I - —

~~~~ ~~~~~~ 

-
00 -

SIW ’ O.00S?!.ø

o.g D.S...Io T.~~• 
-

80 
~
-

100

I 
4O

0 -  ~ ~ 
U

I 400 300 1200 iuoO

I Fr.qu.ncy (enr’)

PIG. I MATRIX ISOLATION SPECTRA OF PYROLYSIS PRODUCTS OF
CF,! IN 20% “O,+BO% Ar (top), 20% “0 . +80% Ar (middle) &

1 00% “0. (bonor n )

- ~~ ~~~‘~~~~~‘ ~~~~~~~~~~~~ ~~~ -- _ r
~~ ~ ~~ 

- - 
______ — -ij--—.Ir j—



‘00

too -

~OI~~~~~~~~~~T~~~~~~~~~~~~
T

- 1100 000 100 100

FrsqMsncy (cm ) 
—

FIG. 2 MATRIX ISOLATION SPECTRA OF PYROLYSIS PRODUCTS OF
- CF.! IN 20% “ O.+ BO% Ar (top), 20% “O,+SO% Ar (middle ) 8

1 -  00% “0, (bottom )
- 6

I. 
________ _________ 

_______________ 

— - .- - — - - -.~~~~- — --~~~~~~~~~ ~~~~~~~ —~~~~~~~~~~~~~ —..-—-—— .——- - ——--- --- - —

V

—. - — ---—-- — —~
. 5. - ,~ -~~ -- — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ —- — — - - 

~

—

~~~

- .-
~~~~~~~

--- .
~~~~~



I ‘ -

1 oc~

~~~~~~~~~~~~~ThT~

00

1

I— 100 7(Y) 800 500

Frequency (cvn ’)

L 
FIG 3 MATRIX ISOLATION SPECTRA OF PYROLYSIS PRODUCTS OF ~. 

-

CF.! IN 20% “ O,+SO% Ar (top),20% “O,+80% Ar (midd le) &
100% “0, (bottom)

1 
7

-  .-—.. — Tr -.~~-c .,s- 

— 
~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ - —



00 

~~~~~~~~~~

40

20 —

0 -

too ~-

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

40~~-
Ea I
C -

20

o
~
k______________________________________________ 

-

‘00

40 ~
-

2 0 -  -

1~ 0 - ,~
500 400 300 200

1~ Frequency (cm ’ ’ )
FIG. 4 MATRIX ISOLATION SPECTRA OF PYROLYSIS PRODUCTS OF

CF,I IN 20% ~O,+8o% Ar (top ). 2OS “ O,+80% Ar (middle ) &
100% “0. (bottom)

--

~~~~~~~ 

—

~~~~~~~~~

— —; 
-— --——— — -

— “~~ ~~~~~~~~~~~~ 
- 

— 
~~~~~~~~~~~~~ 

-



I

to different matrix environments. Based on the observed shifts of <1 cm- ’
for absorption bonds in spectra recorded In matric es containing 5~ and 20t 02.
respectively it appears tha t matrix effects probably did not have much effect
on the measured absorption band intensities . In Tabl es I and 2 absorption
band intensity values are presented from measurements on the ~ O2 and ‘~02
spectra , respectively. Ob vio u sl j each of these compilations li sts less than
the total number of absorption features observed experimentall y. However , the
absorption bands tabulated in the Tables ~ and 2 had the property that relative
intensity measurements indicated they could all be assigned to the sane mole-
cular species in their respective matrices . These relative Intensity data
measurements are presented i-n Tables 3 and 4. In both cases relative inten-
sities were determined with respec t to two absorption bands in each spectra
which did not suffer any obvious overlap with other features . As noted in
the previous paper ,(~

) individual relative inten sity measurements can be ex-
pected to have an error of between ÷(2-12)% when the transmission at the
measured bands Is in the 5-95% regIon and there are 1iot instrumental response
or overlap probl ems . When the latter is not the case or absorption bands are
desi gnated as vvw , the accuracy may be no better than ÷45%. Using these cri-
teria1 the assignment of all the absorption bands listed -In Tables 3 and 4 to
a single precursor in each case may be justified .

An attempt will now be made to assign these absorption bands to a specific
molecular species . From a consideration of the spectra resulting with 16

02 or
1002 in the matrix gas it is apparent tha t some absorption features show a pro-
nounced and obvious isotope effect, notably doublets at 1092-1086 and 870-864
cnr1 , and sing lets at 1172, 692, 597, 580, 448, and 286 cnr 1 In the 1602 con-
taining matrix. The corresponding bands in the 180 2 containing matrix , are
dou b l ets at 1038—1032, and 854-848 cm ’ and singl ets at 1162, 678, 594, 572,
440 and 276 cm~~. These fi ndings unequ ’vocal l y prove the presence of a mol e-
cule containing at least one ox ygen atom . In experiments in which a mixture
of 1602: 13018 0: 1802 in the ratio 1:2:1 was used as the dopant in the argon
matrix gas , three sets of absorption bands clearly appeared as quartets of
approximately equal intensity ; features at 1172 , 1168, 1165 , and 1162 cm ’,
1092, 1070, 1064, and 1038 cm ’ and 692, 690, 682, and 678 cm ’. 0th-er
absorption bands referred to earl i er in the pure 1602 and ~•02 spectra also
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I
showed indications of a quartet structure but overlap with themselves or
other absorption bands precluded definite assignment. These data can be
reasonable i nterpreted only In terms of a molecule containing two oxygen
atoms unsymetrlcally disposed within the molecule.

The the CF3 radical , known to be present in the effusate leaving the
pyrolysis tube , essentially disappeared on Interaction with the oxygen

-; containing matrix proves that the new mole cular spec i es Is a result of an
Interaction between CF3 and the oxygen . The presence of a relatively
large number of absQrption bands assignable to a single precursor ind i-
cates a moderate ;lzed molecule , and CF 302 appeared to be the most likely
candidate .

From kinetic studies CF 302 has been postulated as an Intermediate ‘In
the photo—oxidation of CF3X CX = Cl , Br and ~~~~ The compound CF3NO, Is
readily formed by the reaction between CF3 radicals and N0.(12) An activa-
tion energy of 0.7 ± 1 kj, was reported (’~

) suggest ing that the react ion
between CF3 and 02 may also be expected to occur easily. Two experiments
were performed In which CF3 radicals were allowed to Interact with NO rather
than 02 doped matrices and indeed the formation of CF3NO was easily identi-
fied from the resulting spectra .(~

’) That the formation of the new compound

was independent of the CF 3 radical source was demonstrated by using CF3Br as

a source of CF 3 radicals to interact with the oxygen doped matrix. The
resultant spectra were identical with those obtained from the pyrolysis of

) CF,1 except for the presence of absorption features attributabl e to the
unreacted bromide .

On the basis of the above it Is assumed that the absorption bands listed
In Tabl es 3 and 4 may be assigned reasonably to a species CF 302 containing
the 1602 and 1Sçj~ isotopes , respectively, A tentative frequency assignment
will be presented . The experimental spectral data require the two oxygen
atoms to be syninetrically non-equivalent , a geometry which can be attained
with the C-O-O skel eton linear or bent. A bent configuration Is suggested
by analogy wi th the reasonabl e wel l established structures of 1402 (17 ) , DO2~’~

)

F02 (18 ) and CF300CF 3.(he ) A linear confi guration requiring only 8 fundamental
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I
Z R active frequencies also appears unlikel y In view of the larger number
observed experimentally. CF 302 with a non-linea r configuration belongs
to the C~ point group with twelve IR active fundamental vlrbration fre-
quenc i es , eight ~ and four modes.

In making the tentative frequency assi gnment shown In Table 5, pub-
lished data for similar molecules such as CF3NO ,(~~

) cF3CO F,(20 )

CF ,OF,(21 and CF 300CF3(”) have been used . Three C-F fundamenta l stretch-
* ing frequencies are expected In the 1100-1400 cm-i region with good inten-

sity and there are three obvious candidates at 1303, 1260, and 1172 cm-a
t [“02) and comparabl e frequencies in the [18 0 1  spectra at 1302, 1259, and

1165 cnr 1 . The isotopic frequency shift is small for the two higher fre-
quencies as would be expected for modes largel y associated with the C-F
stretching vibrations. The somewhat larger Isotopic frequency shift for
the l owest frequency of the triad is consistent with the results of norma l
coordinate calculations for similar molecules which indicates substancial
mixing of the syninetry coordinates for some modes which makes assignments
to specific vibrational motions somewha t less meaningful . As wi th similar

t molecules the two higher frequencies are assigned to a riiodes , and the

lower to an ~~

‘ mode.

The next hi ghest frequencies at 1092 (16 0 2) and 1038 (160 2 ) cm—’ can

be assigned in~ned1ately to the 0-0 stretching mode by virtue of the large
observed frequency shift . These frequencies were reported in an earl ier
study~~ and on the basis of the Isotope shift and the magnitude of the
frequencies tentatively assigned to CF302 . The C-O stretching mode would
be expected to show an isotope frequency shift effect of ~2%, and indeed

the frequencies at 870 (160 2) and 854 (16 O~ ) cnr’ show such a shift and

are thus assigned to this mode.

The assignment of the remaining frequencies to C—F deformation modes
as shown In Table 5 Is entirely reasonable by comparison withsimllar mole-
cules though other permutations of the frequenc i es could also be accepted .

The ~2% Isotope frequency shift associated with v5, ass igned as a CF 3
deformation, bespeaks of considerable mixing of the synvnetry coordinates
for this mode. The skel etal bend V~ was so ass ig ned because the observed

I
1 

15 

---- - - ------ -~~~ --

— 
-.-I ---- — -- ----

~~~~~ --  —5 .  — 
~W 7 ~~~~~~~~~~W  ~~ W~~~

I - ’  ~~~~~~~~)W 
- 

-- — 
~~~~~~ ~~~~~~~~~~~ 

- -
~~~~~~~~~~



I
I
I

C
0

41

I
U
IC
4*)

4) C
-
~~~ C 0 C
0 0 — 0

a.-. ~~ 4’ -
4-) 15 C 41

4*) 5/ -~~~ ~C is E 41 U is
La_i 4-’ U 4-’ 5/ U E L~ .0 4.3 E
E 4) 4*) 4.3 4) L~ 0 4) 5-

E 4*) 5- 4*) 4) 0 ‘4- — 1. 0 .~~
a’ . 5- 4) 5- ~. 4- 41 ‘5 U 43 14-. U C
in * 4) U) 4.3 4-) 41 ~~ 4’ 0 4) 0 0

O IC IC U) 41 5- 5-
5- C’S C-S ~~ 

U)
., La. 0 0 ~, LL. 41 p. La. La. m 5-

I~~ C)  I I La (.3 -~~ Ia. 5-) 5-) La- 0
~~ 5-) La. 0 5-) L) l.a. ~~ 5-) La. La. c~~ ~~0

C’S
0

PS

~I Cs_i 0) ~~ IS 0 C’s_i C’s_i 50
O - 4  0 It) C’) I I )  N. 0) IS~ 50 N. N.

3*1 C ’) C’s_i 0 ~~ 50 LI) IS — It) C’s_i
in — —

I—
4) ~~

— La~4.0 ~~45 Z
I— C.~

LI,
S LI) 55. C. ~~ N. 1.1) .4’

• ‘.0 C”J C~’_i 4) CS_i 50 s
II I I 0 it) ~~ 0. IS ‘— -~~ ~~~ E

a’- ~~ ‘.0 0. 55- *— 45 45 .p.
C.) 21 is 0) 4) 4.3
Z I— 3 3 IC
ia_i -d 0 C- 5- C.. 41

p s P~. ~~ 0 4*) ‘.0 • 
4.0 0 0

i p 0 ‘.0 0) a’ IS. 
~ — o o 4)

ia_i — ‘0 0 IS~ .— .4’ 4) 5-
Is

La-
IC

La_i 41
IC

— 4)
I-

4-’
— C

Z C’) 0 c’s_i 0 Cs_i C.- ~~ 0 c’s_i 0 50 0 4)
La_i -4 0 ‘.0 0) N. 0) 0) 55- 0) N. ~~ ~~ C’s) 5-

2~l C’) (54 0 ~~ IL) LI) ,- — It) C’s_i — 45
— - — — ,- — 0.

C

U)
4)
-I-
U

— C
4)

41 _.— — Cl PS p PS ~ 1.. PS PS — — —.0 2~ 2 2~ 3* 7’ 7’ 3. 3* 3* 3* 2 3*
45 5-
p.- 

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _  

La-

I
16 

— -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I

-C,-- — —— — ‘). W 27 ~~’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~ •



I
Isotope shift of ~2% Is of the expected order of magnitude , and frequencies

I in the same range were so assigned in CF 3NO and CF 3OF. The frequency of the
CF 3 rocking mode , v8, was presumed to lie above the wavel ength limit of the
present investi gation of 50 p. In similar molecules this frequency has been

I assigned values either slightly above or below 200 cnr ’ and a value of 190
cm-’ was so estimated . The torsional mode , v ,2, was assigned at 120 cm ’,

I the same value as found In CF 3OF.(22,23)

With the above tentative vibrationa l assignment for CF 302 it is possible
to account for al l the absorption ba nds listed in Tables 3 and 4 which are
not fundamentals in terms of combination or difference modes with the excep-

I tion for a “vvw ” band at 497 cm- ’ in the CF 3 180 spectrum . It was noted
earl i er that in the most intense spectra there were many very weak absorp-

I tion bands which could not be assi gned unequivocally to known stable species ,
or on the basis of relative intensity measurements , to CF302 . This should
not be taken as an Indication that they could not possibly originate in the

I above species , but simply that because the bands were so weak or partially
overlapped by other features it seemed prudent not to attempt an assignment.
Finally, in the near future a normal coordinate analysis , based on the above
data for CF302, will be presented .
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IR MATRIX ISOLATION SPECTRA OF SOME PERFLUORO OR GAN I C
FREE RADICALS PART 3, n-C3F, AND iso-C3F7

by

R . Butler and A. Snelson
I I I  ~esea rch Inst itute
10 West 35th Street

Chicago , Illinois 60616

ABSTRACT

The perfl uoro-radicals n-C3 F7 and iso-C3 F7 have been prepared by pyrolys-
ing the corresponding iodides in a platin um effusion tube at temperatures In
the 450—550°C range and isolated in argon matrices . By elimination of
absorption bands attribu ted to known fl uorine compounds and the application
of relative absorption band IntensIty correlations, some 30(n-C3F7) and
29(iso—C 3F,) absorption bands have been assigned to the respective radical
species In the spectral range 2000-200 cm ’. A tentative vibrational
assignment is presented for both species on the assumption of C5 synuietry.
Some thermodynamic implications of the findings are discussed .
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I
INTRODUCTION

In previous papers in this series the results of studies have been des—
cribed in which the pyrolyses of perf luoro-organic lodides have been used as
radical sources for the characterization via IR matrix isolati on spectroscopy
of CF3O2 ’’~ and C2F5(2). These studies have been further extended , and the
pyrolyses of n-C 3F71 and iso-C 3 F71 used as sources of the corresponding per-
fl uoro—radicals for matrix IR characterization . To date the only structural
data on these radicals have come from EPR studies (s) which show the radical
centers to be non -planar. No IR spectral data have been reported .

EXPERIMENTAL

The experimental arrangement used In the study has been described previ-
ously, only those details pertinent to the present study will be noted . The
two perfl uoro-propyl iodides were obtained from PCR Resea rch Chemicals Inc .,
purities were not stated . Prior to use both materials were purifi ed by trap-
to-trap distillation in the vacuum line . The IR spectra of the individual
compounds indicated isorneric ~urity , thoug h a small amount of C2F51 , < 1% was

• present in the n-C3F7 1. Pyrol ysis temperatures of 530—455°C and 550—475°C
were used for the n- and iso compounds , respectively. Matrix deposition times

varied from 1.5 to 45 hrs . The lodides were leaked into the pyrolysis tube at
rates of 8 x io’-~ to 5 x io~ mole hr-’. Argon matrix gas flow rates varied
from 50 to 150 cm 3 NTP hr-’. The fol l owing perfluorocarbons were obta i ned
from PCR Research Corp. Inc., or from Matheson , CF,~, C2F~, C2F4, C3F6 , cyclo-

C3F6 , C3Fe, an d n—C 6F,~. Stated purities ranged from 97 to 99.7%
all were subjected to vacuum line .rification procedures prior to use.
Spectra were recorded on a Perkin Elmer IR spectrophotometer , Model 283.
Reported frequencies are accurate to 1.5 cm ’ in the 2000-200 cm-’ region .

RESULTS

The general experimental approach used in the study was one~ to obtain

matrix spectra of n-C3 F71 , iso-C3F7 1 and their possibl e stabl e pyrolysis pro-
ducts (the fluorocarbons listed above); two ; to obtain matrix sDectra of the
products from pyrolyses of C3F,I; three; to identify known stabl e and ,
unstabl e (CF2 . CF3. and C2F~) halocarbons in the resulting spectra ;
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and four; to make relative intensity measurements on the remaining unknown
absorption bands to identify common precursor species .

Prelimi nary experiments were tried wi th each iodide to determine the best
temperature ranges for pyrolysis. The chosen temperatures were a compromise
between max imising carbon — iodine bond fission and minimizing subsequen t further
radical decomposition. Iodide decomposition varied betwc’~r about 30-60%. In
addition to the obvious production of a new species in the r-and iso-C 3F71 sys-
tems, there were fairly substa intial amounts of C2 F~, CF 3, ani CF2 in the n-C 3
F71 pyrolyses , and C3F4, C2 F~. CF~, and CF2 in the iso—C 3 F71 pyrolyses .
C3 F4 and C3F. were very mi nor products in the former and latter systems ,
respectively. In both systems lower temperatures minimiz ed these ~unwanted”
products with respect to the overall pyrolys -Is.

Spectral data from twelve and eleven pyrolysis experiments were recorded
for n—C3F,I and iso-C 3F71 , respectivel y. Typical spectra are shown In Fi g-
ures 1 through 6. It was apparent from the spectra that absorption band over-
lapping of the parent iodide and its decomposition products occurred frequently.
This behavior added considerabl y to the difficulty in making absorption band
intensity measurements , being particularl y severe in the n—C 3F71 pyrolysis
spectra . Despite these difficulties absorption band intensity measurements
were attemptmd , though in the pyrolysed n-C3F71 spectra the overlap problem
was too severe with many of the absorption bands for a meaningful measurement
to be made. The absorption - band intensity measurements for the unknown
absorption features obta i ned in the pyrolysis of n-C 3 F71 and iso-C3F7 1 are
presented in Tables 1 and 2. The relative absorption band intensity ratios
based on these measurements are shown in Tables 3 and 4.

DISCUSSION

Details of the mechanism of the low pressure pyrolysis of n-C3F,I and
Iso-C3F7 1 are not available. A recent determ ination(”) showed the C-I bond
energy to be the same in both compounds at 49.2 kcal mol~’, only slightly

less than in CF3I (52.6 kcal not-1) and C2F51 (50.6 kcal mol-’). By analogy

wi th the pyrolysis behavior of the latter two compounds (1 ,2) simple C-I bond
fission would appear to be the predominant primary process in the C3 F,I
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compounds. This assumption is so made here . Littl e is known of the stability

of the resulting perfluoro-radica ls. Kinetic data on the two reactions ,

CF~CF2CF4 ~F3+CF2-..CF2 or CF 3CF2+eF2have recentl y been reviewed (5) indi-
cating both channels of equal importance at ~700K, with higher temperatures

favoring the latter mode. Kinet ic data on the decomposition of iso-C3F7 does
not appea r to be available.

In the present study both CF, and C2F~ were identified as major side pro-
ducts in the pyrolysis of n-C 3F,I, but no CF 3CF2 as the above kinetic data
suggests. Although CF2 was found , which could be taken as evidence for the
cecond reaction it should be noted that under these experimental conditions
the pyrolysis of CF 3 I always resulted in the formation of some CF2 presumably
due to partial decomposition of CF3 (1 ,2). C 3 F6 was a minor product in the
pyrolysis and presumably could be formed by F-atom elimination from the radical
on the effusion tube surface. The present finding that C3F6 , C2F~, CF3 and
CF2 are major side products in the pyrolysis of iso-C 3F7I suggest that both
fluorine atom elimination and migr ation occur readily If these products are
to be accounted for. It is possibl e on pyrolysis that in addition to
simple C-I fission , a concerted elimination reaction could take place , with
IF being elimi nated and C3F6 formed ; this type of behavior is known to occur
In the pyrolysis of same alkyl halides with hydrogen halide being eliminated .(6)

However , in the present study no evidence for the formation of IF was obtained
from the recorded spectra ,(~

) v (IF) 604 cm 1 .

In light of the above , it appears reasonable to conclude that the major-
ity of the unknown absorption bonds listed in Table 3 and 4 may be assigned
to the perfluoro-n- and iso-propyl radicals. As noted In a previous paper (’)
In view of the experimenta l diff icult ies the errors on the intensity correla-
tions given in Tabl e 4 are consistent with assignment of all the absorption
bands to a sing le species , ls o -C3 F,. The Intensity correlation data for
n—C ,F , in Tabl e 3 are not nearly so comprehensive due to absorption band
overlap probl ems , though where values were calculated the agreement is
acceptable.

l I T  I E S IA I C H  I N S T I T U T E

1 .
0” W A ’~’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~_,• • _ a  - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “~~z- -=—— — -



I
4,. 4)

-u v 4 , 2 4 5 4 5
C C 40 — 54

2 2
0 V C C C
C C .- 0 0 0
.5 ‘5 — — —

V 4-’ 5 45
-v sO C S S S
C C S — —
4 , 4 ,  14 4 . )

0 1’ 1. 5.
U A a ‘~~~‘ 5.

— — ,5’ -~~ V -o ‘0 0 ‘0 0 0 0
0 ‘0 C- 0 0 0 C C C C C U 44
C C I,, Ia- C C  4, ‘ 5 4 ,  4 , 4 ,

sO -0 1. 1. 5.

~A sO sO sO 0 0 0
0 V V V V V V V V V — — — 4- 4- 4-10 C . 0 . 0  C . 0 . 0  C C C 0 . 0 .0 C C C C K C- N

5 4, * 45 ‘5 5. 44 ‘5 5 5 5 .2 4, 42. 4, ‘5 V 5 I~. 12. 52~ 51, 51, Ia, C C C
1. -.- ‘.‘ - --- — -.- .0 — s O  C -. - .4 0 00
‘5 4, 4, 3 3 4, 4, 4,, 4— .1 5.) 5.) -.4 — —
4) — — — — — —  — — sO — 4441 44
54 C-- V V C- ‘0 ‘0 C- C- C- C- V 0 ‘ S C- C- C- -44 4 5 5

~~ 44, 44 44 S._ 44 44 II, 42_ — 42, II 44 Ia.. ‘5 52, 51. 1,, 5 -, .5 .5 .5
- 0. 0. ., 0. 0. ‘ 0. 0. 44 - 42. 4) - 4) 44 II

5.) 0. 0. 4..) 0. 0. 5.) 5-1 54 ‘4 0. 0. ,~a 4, 5.2 5-. 54 5.) 4, 4, 4, 3 3 3 0 0 0
‘ 5 . 5  4 , 4 ,  4 , 5  4-4 , .  4-

.0 ~~~~~— C — —  .0 .0 .0 .0 — .— .0 . 0 . 0 .0 .0 .0 .0 .0 C L  . 0 . 0  C C C
42 1. 5. 4-’ 1. 5, 4 44 *5 42 5, 1. 45 — 44 *~ IJ 45 42 45 5 44 ES 41

4 4 4 2 .’ 4, 4 , - . .,.. ...- — 4 ) 5 1  * - ~‘ ~.4 ’ . 4  ‘.4
3 4 > 5 > 4 , 3 3 4 , 3 > 4, 4 ,  3 4 , 3 3  3 ~~~~3 4, 3

0 0  0 0  0 0  C C C
‘0 ‘0 0 ‘0 V V V ‘0 fl ‘0 ‘0 V V V V V fl ‘0 44 SI 54
4 4 > . >. 44 > ‘ 4-’ 4 4 4 4  5 4 > , > .  4, 4 ) 5 4 4 4 5 4  4) L I I  4 ) 4 4
0. — — 0. — 0. 0. 0. 0. — — 0. 0. 0. 0. 0. 0. 0. 0. 0- 0. 0. 0. U Si U
0. - — 0. — .- 0. 0. 0. 0. — .- 0. 0. 0. 0. 0. 0. 0. 0. 0- 0. 0. 0. — —‘5 ‘5 55 ‘5 ‘5 .5 ‘5 ‘5 5 ‘5 ‘5 ‘5 .5 5 5 5 5 5 5 45 ‘5 45 5 54). 4) 4.

— - . 4  — .- ‘- .4- — — — .4. —5 . 4J 4 1. 5. 5. 5 . 4 5 .5 5. 1. 1. 1. 5. 1. 5. 5. 5. 5. 1. 5. 3 3 3
4. 4 4 5 .  1. 44 1, 1, 4 4 4 4 54 44 1. 5. 44 4 ) 4 4 4 2 44 42 41 41 44 42 SI S l 5 4 s O so
‘0 4, ‘5 ‘5 4, 4, 45 > 5 4, 4, ‘5 5 4, 4, 4, 4, 4, 4, 4, 4, 4, 44 4, C C C
C 0 0 .0  0 . 0 00 0 0 . 0- 0  0 0 0 0  0 0 0  0 0
‘.5
‘0

LI,
.0

4.,~ 4..

41 C-

~4, 4 4 4 4  42
.0 5 8’ 0 4* 5’ U 4* 4* 4* 4* 4* 44
0 — ‘ 0  0’ 0- ‘0 414 en C-. 0 ‘0   ‘0  0 ‘0 ‘0
5. 5 1 4 4  . - . . - . 4)
• 5.40 C-’ 04 0 4’- .4. C’- .4- C- C-- 4’- — 0 C-. en ‘0 C-- C- 4’ I,. C-- 40 (‘.2 40 C-a en ‘0 ... f-s 542 C-- C-- ~‘-

- — en SI  C-a —
en 5. 0 4’s 4,

0 15’5 4 S I  ~~ I • I  * I  1 44 S j  C l  *1 4 , 1  •~ 4, !  S I  S I  SI
44 La, 5.

sO~~~~~

! O~~E

‘44, +1 + 1  ~- I  -4- I 4- +1 S I +1 +1 +1 4! +1
42 .g ~~~~~~~~~~~~~~~~~~~
S.

4, 3 * * 3
I,
C 0 0 0 0 0
44 0 0 0 0 0

45 5. 45 44
C

9 4 ) > > 4 ) . , ( 5 4 4 , 5 4 3 E 4 * 5 4 4 ,  E

CI — C’. 114 0 40 — C-i — 114 — 40 — — 40 ‘0 ‘0 0 en ‘0 .~. ‘0 0’ 0 .41 .14 — ~14 en ‘0 ‘0 0
III af’ 40 40 40 en ~, pa 04 ~~ pa  — en — 50 40 114 0 en pa 0 ‘0 pa P.. 0 0 0’ 0 (‘. ~Ø — pa

en (Ni pa (Ni .44 pa 0 0 0’ 40 4’.. .4. 40 ‘0 40 114 414 5 1 4 —  — 4,’ en pa pa pa .44

5,

U ‘0 44 4- 0’
45~ 45 .0 U ‘0 54 4- 0’ .0 ... .‘~ ~44 — 4) C 0 0. 0~ 5. 44 4’ 3 3 44 4,, 54 .5 ~0 U ‘0 II ‘4- 0’

7

_ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  ——-—------—- * .4— ~~~~~~~~~~~~~~~~~~~ — - - ________________

4,

— - -~~ 0” 
~~ ~~~~

- - 
~~~~~~~~~~~~~~~~~~ 

- - .~o.. ~~~~~~~~~~~~~



C C

.2 0
4.. .2
.44 45

‘v
C 5. 5,

.0 4 ,4 ,  U .0 0 4 . ’ 4 .’ 1. 1.
0 0

0 ‘0 ‘0 ‘0 V ‘0 ‘0 U 0 V ‘0 V V ‘0 0 sO
C C - C C C C C C C C C C C C

2 2 ~~ 2 2 2 2 2 ~
>’ 2 2 2 2 2 2

.0 .0 .0 .0 .0 .0 .0 18 — — — — — — 40 —44 4.4 41 45 4.4 4) *4 4~4 C C- N N 4’ 4’ C C-
-.‘ -.‘ — -.- 44 LI, LI, 51. 54. 42, LI, 42 44,
3 * 3 0 3  4 , 5  * 4 , 4 5  .4 — “ ‘ 4  ‘4 4.1

C 5-2 5-) 4..) 5.5 4,2 4,2 C 5.5
544 ‘0 ‘0 ‘02 0 ‘0 ‘0 ‘0 ‘0 5 I 5 I I S
.44 4 1 4 4 4 )  SI 4 ) 5 1 45 41 0 0 0 0 0  0 0
5. 0. 0. 0.’0 0. 0. 0. 0. 0. 5. 48 44 15~ 48 48 5, 44
‘5 0. 0. 0.0 0. 0. 0. 0. 0. 0 — ‘.‘ -— -— --.4 — o -.‘

4 4) 4 5 4 , 4 5 4 ,45 ‘ 5 4 , 4 , 5 5 4 , ’  4”
45 — en — — .— — — — .0 .0 .0 . 0 . 0  .0 .0

5. 1. 5.V 5. 5. 1. 5. 5, V * 45 -42 41 41 ‘0 45
4 ) 5 , 4 40 4 1  4 2 5 4 4 4 4 4 0  -— C - —
4 , 4 , 4 ,4 , >  4, 4, > 4 , 4 5  3 3 3 4, 3 3
0 0 0. 0 0 0 0 0 0. 0  sO

> ‘ > ‘ 4 ,’ > ’ w  
-
~~ 

.

~~ 

-

~~ ~~~~~~~~~~~~~— en .— C’ — .— .— — — U 0. 0- 0, 0. 0. 0. U 0.
— en — U, — .— .— — — C 0. 0. 0. 0, 0. 0- C 0.
‘5 4, 45 5 45 45 42 15 0 55 45 45 45 4) 5— ... (J ..’ . .‘ .  5. ., — — — — —.1 +4 4 5 42 4~ 44 44 42 Ii 1. 5. 5. 1. 1, 1. 44 5,
5 . 5 . 5 .0 5 .  5 . 5 .  5 . 5 . 4 ’ -  4) Si 42 4 2 4 2  41 4 - 4 4
‘ 5 4 ,  55 * 4  ‘5 442 ‘5 15 45 42 4, 4, 4, 4, 4, 4, 4) 4,
0. 0. 0. 0. 0. 0. 0. 0. 1. 0 0 0 0 0 0 4. 0

S
40 .0

I~ ~~
5.2 C-

0 . 24 )
48 E S U  45
‘.4 IS 4> 4* 4* 4* 4* 4* 4* 4* 4* 4> 4* 4* 4* 4* 4-8 4* 84- 4-5 54 -  8-5’ U s-4 4* 4-~ 4~ C’40 ~.- 0 0 0 pa pa p’. — 40 — 40 pa 114 .‘~ ~~. en 0’ pa 0~ 52 40 — 40 c 0 10 5’.. a’ pa
54 SI U’4 42

~ — en — en pa an — — en an pa .-. ~~ 
en en P., — en 40 5., 0’ 0’, 40 5., 40 40 pa pa 40

0 5 4-Ni en en — — (Ni ,... pa pa 
~ 

pa — — 52 — —
2 3~ +~~+i +i +I +I -S-I +I -s’ I - S- I +I +I -s- l +I +I +I +I - .-I +I .- I ’- +1 +1 +1 42 +1 +1 +1 + 1 +1
0 5,
I. >“0
0. + 4 0

*4,
— 5. 544 40

0
41 U ,

+5
.0 4. C

—
+4
45

44 .0
‘.4 *2
544 —o ~ 41 52
II . 4 4 2
44 C’. 5 5 . 5
C O S  — —— ‘.44)

5 , 5 ,
44 ~ 4* 4* 4* 4* 8* .4 4-44 4* 4* 844 U 844 4* 5. 5. 4’ 8-4- 8’ 8* 4* 4* .44 5 4> .5 .44 44’  .5 .5

— 4 0  0 40 .4. en ~ — 0’ — 04 114 C 51’, ‘0 0 0 II) — 0’ en 114 01 .5 .s ‘0 s pa .s 45
4)40 4) . • U U 5 4 4 1  . 4 ) 4 4  . 4 1 4 4

4’ 5.04 III 4.. 40 en — 54 0 en — In 
~. pa en 40 — en pa 40 0 3 3 c’.~ * 3 an 3 ~S I. — — 4) pa pa 0 0  pa —

— 0. 5  4- 4’~ 0 0 0 0 0
II (.3 5 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 42 +1 -5. 1 +1 + 1 -s- I 4-I +1 +1 0 0 + 1 0 0 +1 0

1~ .5 .44 4,.. 44 45 44 44 44
4,4-u 45
+ 4 0  - - 41 -
— ‘ 5  3 3
5440
0 0 0
54 0 0
-4.1 4J 4.)
C

Us (Ni 04 (Ni 40 pa ~ .. pa — ~~ ~~ — pa — U’s — en — en en 04 0’ ~0 pa .-‘. en l1~ p.,
5,1 40 .0 — — 0 0~ U’s .14 — en ‘0 40 p., — pa pa en 0 40 — — 0~ 40 an — pa ~~ sf4 0

(Ni (Ni pa — _ ~~~~~~~~~~~. . 0 4 0 4  ~~~~‘0 4 0  4-’., p.. p a l O  4 0’0  ‘5’ en en (~ (Ni pa
4,
5’U,

I
4 5 . 0  U ‘ 0 4 4 4 -  ..~ ‘en s .— £ 0 0 0 .  4 - 4 - 5 , 5 4 4 4 3 >  3 * > s 4 4 5 . 0  U

I
8

- 

- . 

~~~~~

— — - — -  - - -—

~~~~~~~

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ___________________________



Tentative frequency assignments for n-C 3 F7 iso-C 3 F7 are presented In
Table 5 and 6 using the fr’~equencies listed in Tables 3 and 4, respectively.
In making these frequency assignments , compa rable vibrational assignments for

and C3 F71(8 ,b0 ) were used as models. Both n-and lso-C3F7 radicals
could exist with either C1 or Cs syninetry . In the C5 configuration , two
rotational conformers are possibl e for both radicals. In the C1 configuration ,
only for n-C 3F, are two rotational conformers possible. Obviously the present
data do not permit resolution of any of these possibilities. In all cases ,
a total of 24 IR active frequencies would be expected. Two torsional modes
and C-C-C skeletal bend~’~ for both radicals almost certainly lie above 50 ~~ ,

the long wave length limi t of the present study leaving a total of 21 fre—
quencies which potantlally could be observed in the present study . C~ symetry
was arbi trarily assumed for the purpose of making the assignments given in
Tables 5 and 6. For the iso—radlcal ,frequencies of similar vibrational modes
in C3Fe (~

) are presented for comparison .

For both radical species it was necessary to assume that some of the high
frequency C-F stretching mode absorption bands ‘In the 1100-1400 cm” region;
occurred as doublets . Only seven frequenc ies in this region are expected ; yet
for both radicals , ten maxima were Identifi ed. The appearance of some of
these bands as doubl ets could be due to matrix site effects or could be a
manifestation of the existence of two different structura l forms, C5 or C1
or their rotational conformers . In either case it would be reasonabl e to
expect some of the lower frequency modes might also occur as doublets , and ,

although not spec i fically indicated In Tables 2 and 3, some indeed did. Thus,
In the iso-C3 F7 spectrum the bands label led p and bb are quite broad possibly
indicating the presence of closely lying doubl ets whilst the band g appears
to have a dou bl et structure .

Only one CF3 stretching frequency above 1300 cm-1 occurs In CF3CF2(*)

suggesting that a similar situation in n-C3F7 is not unreasonable. The situ—

ation for lso—C,F7 Is not so clea r cu t . In C 3F05 (~ ) t hree CF 3 stretching
vibrations over 1300 cnr’ were assigned whilst in CF3C0CF3~~

),only one . In
the assignment presented In Table 5 for lso-C,F7, a probabl e doublet at
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I
Tabl e 5

TENTATIVE FREQUENCY ASSIGNMENT FOR n-C 3F, OF Cs SYMMETRY

Observed Frequency Approximate Mode
ct’ Modes (cm-’) Description

Vi 1354 ~
“2 1287-1285 “as CF3
V 3 1236-1231 “

~~ 
CF2

1222 “as CF2
1016 

~‘as CC2
750 

~ 
CF3

( 683 6as CF3
608 6 C F2

V 9 548 6 CF2
520 6 CF2

465 6 CF2
V 12 273 6 CF2
V 13 306 v

~ 
CC2

v1~ 220 p CF3
-- 6 cc2

c~’ Modes

‘p15 1260 6 CC2

‘~16 1191 “as CF3
1116~4114 “as CF2

703 Vas CF2
621 Vas CF3

V20 472 p CF2
248 p CF2

-- p CF3
- -  

torsion

-- torsion

[ Syimnetric stretching vas Asyn inetrlc stretching

• Syninetric deformation 6as 
= Asyni~etrlc deformation

v • Stretching p rocking 6 = bending
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I
TENTAT IVE FREQUENCY ASSIGNMENT FOR I so -C .F, OF C5 SYMM ETRY

Observed frequency Approximate Mode
(cm 1) Description

ci’ Modes

‘~~ 1365-1362 v~ CF 3 l37Q~~
V2 1242 v~ CF 3 1350
V 3 1192 \~~~~ CF~ 1262

1157 1152 “as CF3 1210

~~5 1141-1138 CF
V6 986 

~ as CC, 1007

775 
~~ 

CF, 781

v~ 731 6 s CF, 731

I 703 6 CCF 337
I 499 6 as CF3 548

v 11 489 6as CF, 507

I V 12  347 p CF3 383

321 V CC, 318

I 293 p CF3 278
v~~ -- 6 CC2 151

I ci ’’ Modes
1249 “as CF 3 1370

“‘7 1206 Vas CF , 1268
684 6 as CF 3 618

I V 1 9  543 6as CF3 537
V 2 0  456 p CF, 461

I V 2 1  255 p CF 3 276
I V22 207 6 CCF 219

V 23 —- torsion —-

I -- torsion --

Symmetric stretching “as = Asymmetric stretching
Syninetric deformation 6as = asymetric deformation

v = stretching p = rocking 6 = bending

(a) Aflalogous frequencies of CF ,CF 2 C F3 .
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1365-1362 cm~ is the only frequency greater tha n 1300 cm- 1 assigned to a CF3
stretching mode . It is entirely possible that the doublet is in reality two

distinct frequencies assi gnable to two different CF 3 stretching modes , per-
haps , V~ and V 16 and that v2 appears as a doublet at 1242-1249 cm-P ’.

The asymetric carbon skeletal stretching mode is expected with moderate
intensity at about 1000 cm l (8 ,9). Bands at 986 and 1016 cm” appearing in
Figures 2 and 4 are thus assigned to carbon skeletal stretching modes in i so-

C3 F7 and n—C ,F, respectivel y. Assignment of the remaining absorption bands
to the various bending defo rmation and rocking modes for both radicals is at
best somewhat arbitrary , though reasonable by comparison with other assign-
ments in similar molecules . Obviously not all the frequencies listed in
Tables 3 and 4 have been used in the present vibrational assignments for
each of the radicals. The “excess” frequencies can oe accounted for In
terms of combination , difference or overtone modes but the possibility that
some of these frequencies could be assigned more properly to different con-
formers of the radicals cannot be eliminated .

In the present study the spectra l region below 200 cm— 1 was not exami ned
and hence two expected torsiona l modes and a carbon skel etal bend for each
radical in this region were not observed . In C3F9 the magnitude of torsional
modes are also not known . Excluding torsional modes , the vibrational assign-
ment now availabl e for the fluorine radicals CF25 (”) CF35 (12 ), C2F5(2),

n—C3F7 and iso—C 3F7 strong ly suggest that the magnit udes of the radical vibra-

tion frequencies could be estimated (”) without serious error from the values
of those occurring In analogous saturated compounds. EPR studies on per-
fluoro radicals indicate that the tetrahedra l geometry of the carbon atom
at the radical center Is mainta i ned . These two findings suggest that fairly
good confidence can be placed in thermodynamic data , S° and C° estima ted for
the perfluoro—alkane radicals based on structural and energy ~evel data~”~
derived from saturated ana 1 ogues. Two areas of uncertainty remain in such
estimations for the larger radicals , 1) are the torsional modes much differ-
ent in the perfl uoro—radicals as compared to the saturated compounds , and
2) do the radicals exist in more than one structural form?
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I
By extending the present matrix method to longer wave lenghts the torsion-

a l modes cou ld be observe d , but it appears unlikely that differentiati on of
structural conformers could be achieved .
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I
SHORT COMMUNICATION

IR Matrix Isolation Product Characterization from
Low-Pressure Pyrolysis of CnF2n+1I (n = 1-4) and C6F51

R. BUTLER and A. SNELSON

IT T Research Inst i tu te, 10 W. 35th Street, Chicago , IllInois 60616

Studies directed at characterizing the IR matri x isolation spectra of the
perfluoro—radicals--CF, [1], CF ,02 [2], C2F5 [3], n-C,F7 [4], and iso-C 3F7 [4]
--have recently been described. Some observations are presented here on the
pyrolysis behavior of the perfluoro-alkyl iodides CF,I, C2F5 1 , n-C 3F71, and
iso-C3F71 , which were successfully used to produce the corresponding perfluoro-
alkyl radicals , and also on the pyrolysis behavior of t—C~F9I and C6F51 , which
did not produce the expected t-C~F9 and C6F5 radicals.

In the matrix isolation experiments , the perfluoro-alkyl iodides were
decomposed in a very low-pressure (reactant pressure =lO2Pa) platinum pyrolysis
reactor. Un der the conditi ons used , reactor res idence time was ~3.4 x 10”’ sec ,
with each molecule on average undergoing 10 wall collisions. Gas molecule -
molecul e collisions were about one hundredth of the wall rate. Under such con-
ditions , the contribution of gas phase collisions to the overall reaction pro-
cess may be ignored. The C,, C2 , and C3 perfluoro-alkyl iodides all showed
substantial decomposition (30-80%) in the 900-700K temperature range , with
somewhat lower average temperatures being required to obtain a given decomposi-

J tion fraction In the order C1 >C2>C3. This finding is consistent with a recent
determination of C.—I bond energies [5] in CF,J (222.6 kJ mol-1), C2F5 (216.2 kJ
mol ’), and n- and iso-C,F71 (208.4 kJ mol ’), assuming the primary process is
simple C—I bond fission . In all these experiments there were moderate amounts
of other products formed besides the respecti ve ra di cals.

The pyrolysis of CF,I always resul ted in the formation of CF3, CF1 , CF2 ,

and C2F6 . Assuming that extinction coefficients for the C—F stretching modes
of all four spec ies are simi lar , their relative amounts may be estimated at
1: 0.47 0.24 0.11 from data in a typical experiment. The presence of C2F6
could perhaps be justified in terms of incomplete isolation during the trapping
process , allowing the reaction CF, + CF3 -+ C2F6 to occur. The activation
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energy for this radical recombination is known to be close to zero. Indeed ,
the rel ative amount of CF, : C2F~ did show a marked sensitivity to matrix di-
lut ion , the ratio increasing noticeably as the dilution , and hence trapping
efficiency , increased . This type of behavi or was not shown by either CF4 or
CF2 with respect to CF~. Furthermore , when CF, radicals were isolated in
argon matri ces containing 5-2O~ 02 [2 ] , no C1F6 was ever identified even though
small amounts of unreacted CF , we re always present. CF4 and CF2 were present
to the degree normally associated with a pure argon matrix. These observations
strongly suggest that the re~ c~~~~r - CF~ -~ CF , -~ CF4 + CF2 , which is exothermic
by -182.4 kJ moi’ [7], does n’ occur in the matrix. Indeed , there does not
appear to be any experimental evidence that at ambient or elevated temperatures

[6] such a reaction channel exists. The conclusion seems Inescapable that
CF4 and CF2 must be formed heterogeneously on the wal ls of the platinum reactor.
This conclusion is further reinforced by the observation that the amounts of
CF4 and CF2 formed relative to CF, could be decreased by reducing the CF,I
pressure in the reactor during pyrolysis.

In the pyrolysis of C2 F 51 [3] to produce C2 F5 , small  amoun ts of CF ,, CF2 ,
and possibly C2 F4 were fo rmed , the amounts of CF3 and CF2 clearly increasing
with respect to C2F5 at higher pyrolysis temperatures. Thermodynamic data [7]
indicate a minimum activation energy for the homoqeneous gas phase reaction

C2F5 -‘ CF, + CF2 at 326.4 kJ moF’, strongly suggesting this reaction is not
Important under our experimental conditi ons. Minimal activation energy for the
gas phase reaction C2F5 -

~~ C2F4 + F [7,8], estimated at 316.3 kJ moY ’, also
eliminates this as a likely reaction . Again , the radical product distribution
implies heterogeneous surface effects are important.

Pyrolysis of n- and iso-C3F71 produced the desired radicals and fairly

substantial amounts of C2F4, CF,, CF 2, and C,F6, C2F4, CF3 , and CF2 , respec-
tively. Obviously C—C and C—F bond breaking occurred. Thermochemical data are
not well defined for the perfluoro-propyl radicals and implication of surface

effects cannot be invoked on this basis. The radical C2F5 was not detected in

the pyrolysis of n-C 3F21 though some recent thermochemical-kinetic data [7]

suggest that the reaction n-C3F7 -0 C2F5 + CF2 takes place at temperatures used I

in the study.

The pyrolysis of t-C1.FgI (9] was performed initiall y in the 900-700K

temperature range wi th the other experimental conditions identical to that
used wi th the lowe r homologues. Com plete decomposition of t-C4F9I to
(CF I)2C—CF2 occurred. The latter material was unequivocally identified by
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compari son wi th the matrix spectrum of the pure compound [91. At 575K, about
50% decomposition of the parent iodide occurred , with only one product ,
(CF,)2C— ~.CF2 identified at short deposit~ion times (~ 1 )-ir). At longer deposition
times (4—5 hr), a very weak absorption band at 603 cm”’ also became apparent in
addition to those expected for t-C4F9I and iso-C4F9. Experimental i dentifica-
tion of the feature at 603 cm ’ was not pursued , though an obvious possibility
woul d be IF. The latter ’s gas phase vibration frequency has been reported [10]
at 604 cm-’. In this connection an effort was made to determine If the matrix
d id con ta i n free fluor ine atoms, possibly formed by elimination from t-C4F9 in
the pyrolysis tube , which could lead to IF formation by matri x reactions between

F and I atoms. To this end t-C4F91 was pyrolyzed into argon matri ces containing
5% 02 or 5% CO. If F-atoms were being injected into the matri x , previous work
In this laboratory and elsewhere has shown that F02 or FCO would readily be
formed [11,12]. In the present investigation , no F02 or FCC could be detected
and the absorotlon band at 603 cm”’ remained. If indeed this feature were
correctly assignable to Fl , the latter must have originated in the pyrolysis
tube and not from a matrix reaction between F and I atoms.

That no t-C 4 F 9 radical was found on pyrolysis of C 4 F9 1 may indicate that
C—I bond fission is not the primary process -in this system The close similar-
Ity In C—I bond energies in the lower alkyl iodides (C , through C 3) with the
analogous perfluoro-alkyl iodides [5] suggests that the C—I dissociation energy
in t-C4F7I is probably a little less than in C,F71 , possibly by ~8- 12 kJ mol ’,
which seems insuffi cient to account for the markedly lower pyrolysis temperature
required for this compound. Again it appears necessary to invoke surface effects
in the pyrolysis process wi th the possible formation of the perfluoro-butene,
occuring via a concerted four center elimination reaction analogous to that
occurring in the pyrolysis of some alkyl iodides [13). A minimum activation
energy for the latter process , ignoring surface effects, may be crudely estimated
from C—F, C—I, and I—F bond dissociation energies of 456, 193, and 277 kJ moP’,

and a ~r bond stabilization energy of 222 kJ moP’ [14] , at 150 kJ moP’ a value
which , with perhaps some surface ass i stance , is not inconsistent with the low
pyro lysis temperature observed .

The pyrolysis of C6F51 requi red temperatures of 1000-1100K to obtain sub-
stantial decomposition , some 100-200K higher than in the C,—C, perfl uoro lodides ,
a finding consistent wi th C—I bond dissociation in C6F51 at 277 kJ mol ’ [15].
This latter value was determined using the toluene carrier gas technique. The
presence of the C6F5 radical in the system was inferred from the formation of
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I
C6F5H by H abstraction from the toluene carrier gas. In the matri x study the
only products found on pyrolysis of C6F51 were unreacted C6F51 , CF1., CF,, and
CF2 in approximately equal amounts . No evidence of absorption features attri-
butable to any other species was found. These results imply a complete break-
down of the benzenoid ring structure on pyrolysis. When the pyrolysis products
were trapped in an argon matri x containing 5% 02, CF,02 [2] was ilmiedlately re-
cognizable in the product spectrum. No F02 was found , indicating the absence of
free F-atoms in the pyrolysis reaction ; nor was there any trace of COF2 , invari-
ably found when CF,, formed by the pyrolysis of CF,I, was allowed to react with
an oxygen-doped matri x in an earlier study 12]. Substantial amounts of CO and
CO2 were found; whether their formation occurred in the pyrolys-is tube (by pos-
sible diffusion of 02 into the pyrolysis zone) or by reaction of some carbon
fragment in the matrix is not clear.

A few observations wi th respect to the overall pyrolysis behavior of these
compounds will be noted . At the low pressures used in these studies , the acti-
vation energy for thermal decomposition is acquired solely by reactor-wall sub-
strate interactions. The un imol ecular reacti on rate i s expected to be wel l
into the low-pressure fall-off region , yet the temperatures required to bring
about substantial decomposition were about the same as would be required if the
reaction were occurring at its high—pressure limi t, assuming a normal Arrhenius
factor [13] of 10~~~’ and a C—I bond dissociation energy at 210 kJ mol ’. In
contrast, experiments to dissociate CH,I In the same reactor to produce CH3
radicals required a temperature of about 1300-1400K to obtain a similar degree
of decompositi on , indicating the reaction was behaving “normall y” and in its
low-pressure fall-off region . The perfluoro-iodides must undergo relatively

“sticky” collision with the platinum surface with very efficient energy transfer,
though for what reason is not clear. The dipole moments of both compounds are

similar (17], CH3I 1.6D and CF,I 1.00, with the difference in the wrong
direction to invoke dipole-surface interactions as of Importance. Possibly,
the marked positive electron affinities of the per-fluoro compounds [18,19] corn-
pared to their hydrogenated analogues may be connected with the strong surface

interaction (20].

Another factor that may affect the overall product distribution after ini-

tial scission of the C—I bond is the possible formation of a weakly bound Pt—F

species. It has been shown (18] that F—atoms at low pressure (=lPa) will attack

platinum In the 800-1100K reg ion , though the nature of the resul ting species was

not identified.
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Finally, a possible advantage of the matrix isolation technique with res-
pect to identifying the products of pyrolysis reactions infl uenced by surfaces
is the unambiguous nature of the “IR fingerprint” of the product species. This
is particularly valuable for identifying radicals in the presence of the parent
molecule. The most widely used conventional approach to this analytical task
is mass spectrometry , where radical detection is often conceded to be extremely
difficult and sometimes impossible In the presence of the parent species.
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