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CO, laser-induced homogeneous decomposition of i-C3F;I yields a variety of perfluorinated compounds,
which are suggested to be formed by recombinations of carbenes and radicals generated upon the cleavage
of the C-I bond and the fragmentation of the i-C;F7 radical. The decomposition of i-C3FI in the presence
of cthene leads mainly to the formation of (i-C3F;CHy); and i-C3F4(CHy),l.

Heptafluoro-2-iodopropane (HFIP) is used as the working medium in the photo-
dissociation iodine laser and its decomposition pattern has been studied under UV
photolytic conditions’2. It was observed that the major photolytic products are
[(CF;),CF], and I,, which arisc from the recombination of the i-C5F; and I" species,
and that the minor products are CF,, C,F,, C,Fg, C,F)o and CF;l, which are formed
through the decay of the i-C;F; radical and its C-C and C-F bond cleavages.

The pyrolysis of HFIP has becn studied only in a platinum effusion tube under very
low pressure>*. This is an example of thermal decomposition of perfluoro substituted
compounds, which is affected by hetcrogeneous stages®. The pyrolysis yields i-C3H3,
C;Fg, C,F,, CF;, :CF, and C;F;, which were identified by IR matrix isolation spectra.
It is induced by sticky reactor wall-substrate collisions, and involves the initial C~I and
consecutive C-C and C-F bond cleavages. The cleavage of the C-F bond has been
advocated by the formation of weakly bound Pt-F species®.

Continuing our studies on truly homogeneous laser-induced thermal reactions of
perfluorinated compounds’ ~ 15, we report on a CO, laser driven decomposition of HFIP
and attempt to discover the fate of the primarily formed i-C;F; radical under homo-
gencous conditions.
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EXPERIMENTAL

Continuous-wave CO, laser-photosensitized (SFs) decomposition of HFIP was carried out by the irra-
diation of gaseous HFIP (5.3 kPa)-SFq (5.3kPa)-C,H, (0 or 8.0 kPa) mixtures in a stainless steel tube
(11 cm x 3.6 cm i.d.) equipped with two NaCl windows, a side arm with rubber septum, and a valve
connecting the tube to a standard vacuum-line. The laser was operated at the P(20) line of the 10.6 pm
transition and the beam was focused 2 cm beyond the entrance window. After the irradiation, helium was
expanded into the vessel and the mixture was analyzed by gas-chromatography-mass spectrometry (GC-MS
Shimadzu, Model QP 1000) using a packed column (Porapak P or Alumina deactivated with a silicone oil).
Mass spectra and retention times of the decomposition products were compared to those of authentic
samples which were available commercially, from the laboratory stock, or were prepared by the UV photo-
lysis of HFIP. HFIP (Lebedev Institute of Physics, Moscow), sulfur hexafluoride (purum, Fluka) and ethe-
ne (Technoplyn) were used as received.

RESULTS AND DISCUSSION

Continuous CO, laser powercd decomposition of HFIP carried out with a laser
output 7 — 14 W afforded iodine and 2,3-bis(trifluoromethyl)octafluorobutanc as major
products. Their formation can be explained by the self-recombination of the iodine
atom and of the i-C;Hj radical generated upon the cleavage of the weakest C-I bond of
HFIP. With the laser output higher than 11 W, other products such as C,F,, C5Fg, C;Fg,
C,Fg, C,Fo, CsFyy, and CF;l, are observed (Fig. 1a). Their formation can be assumed
to be initiatcd by the decomposition of the i-C;F; radical via two competing pathways

(Eqs (A) and (B)).

CF
X @)

(8)

This involves self-recombination of the radicals, recombination of the CF; and C,Fs
radicals with the i-C3F; radical, and recombination of carnenes. Intcrmolecular
reactions of fluorine atoms, whose utmost liberation requires more energy, scem inli-
kely due to the absence of CF, among the decomposition products. We note that these
steps are in line with the reactivity data of perfluoroalkylcarbenes'S, which show that
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trifluoromethylcarbene is protected from an intramolecular escape and that its intermo-
lecular reactions are preferred instead.

The decomposition of HFIP in the presence of ethene was carried out with the aim of
trapping :CF, and CF;FC: carbenes. However, the major products observed (Fig. 1b)
are those arising from the recombination of the i-C;F; radical and the I atom (C¢F,4 and
iodine) and those produced by the addition of these species to ethene (|CF3),CFCH,],
and (CF;),CFCH,CH,I). We can infer that the addition of ethene results in a decrease
in the effective temperature of the irradiated mixture, which makes the decomposition
of the i-C;F; radical less probable. We note that UV photolytic or thermally-induced
radical addition of HFPI to olefins!®!” and the pulsed CO, laser-induced addition of
CF;l to ethene’® lead mainly to the formation of telomers, but in neither of these cases
was the addition of the two perfluoroalkyl radicals across the olefin double bond
observed. Minor quantities of C,F,4, CF;l, and C,Fg, formed during the irradiation of
the HFPI-SF;~C,H, mixture can arise from recombination of the i-C;H; radical and the
I atom with the fragments generated by reaction (A) and they seem to indicate that
reaction (A) is more feasible than reaction (B). This assumption is consistent with the
greater C-F bond strength in comparison to that of the C-C bond, and also with the
pattern of the mass fragmentation of HFIP at 20 eV where the CF3* signal is the most
prominent (compare to ref.’%, m/z, rel. int. (%):

M, 100; M - F, 1; M - CF;, 2; M - I, 12; I, 7; CF;, 36; C,F;, 1; C,F,1, 2; CoF,, 1; CF,, 1.

FiG. 1
GC-MS trace of the mixture obtained by laser
induced decomposition of HFIP (&) and of
HFIP in the presence of ethene (b). Column
1.2 m, packed with Porapak P, helium carrier
gas flow rate, 20 ml/min, programmed tempe-
rature 30 — 150 °C. Peak identification: 1 SFg;
2 C,Fg, C3Fg; 3 CoF4 4 (CF3),CFCF;; 5
CsFq; 6 CF3CF:CF,; 7 [(CF3),CFl,; 8 Cy4Fg;
9 CF3l; 10 (CF3),CFl; 11 CH, 12
[(CF3),CFCH,),; 13 (CF3),CFCH,CH,l Retention time, min

Collect. Czech. Chem. Commun. (Vol. 58) (1993)



124 Pola, Horik:

The gencration of branched halogenated radicals by the infrared lascr-induced
multiphoton or photosensitized decomposition of appropriate iodides in the gas-phase
appears promising for study of the decomposition pattern of these radicals. Further
studies on similar perhaloalky! iodides are in progress.

The author thank Dr M. Jelinek (Institute of Physics, Prague) for his gift of the HFIP sample.
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