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OBTEXTIOX OF PEBFLUOEOMETHYL 
PEBOXOFLUOEOFOBMATE BY PHOTOLYSIS 

OF PEBFLUOBOCYCLOBUTAXOXE-FLUOBIXE-OXYGEX
MIXTUEES *

By M. A. BLESA and P. J, AYMONINO

RESUM EN

La fotolisis de m ezclas gaseosas de perfluorociclobutanona, flú o r y  oxígeno, llevada a 
«abo en recip ien tes de cuarzo y con luz de una lám para de m ercurio  de alta p resión  filtrada 
con vidrio  Pyrex, produce peroxofluoroform iato  de perfluorom etilo  F C ( 0 ) 0 0 C F 3, con un 
rend im ien to  del 35 %. Los otros productos p rincipales de la reacción son fluoruro  de carbo- 
Hilo y  trióx ido  de bis (p e rflu o ro m etilo ), siendo el rend im ien to  en este últim o tam bién del 
orden del 35 %.

La fracción volátil en tre  —130 y —40° del p roducto  bru to , constituida p o r peroxofluoro­
form iato  de perfluorom etilo  y trióxido de bis (p e rflu o ro m etilo ), pudo  ser separada en sus 
com ponentes p o r codestilación fraccionada en corriente de h idrógeno.

En la reacción tam bién se form an, aunque en cantidades m enores, peróxido de bis 
(p e rflu o ro m etilo ), fluoroform iato  de perfluorom etilo  y una fracción pesada de naturaleza 

p e rox íd ica  y carbonílica.

SUMMARY

A new m ethod for the obtention of perfluorom ethyl peroxofluoroform ate, F C ( 0 ) 0 0 C F :>, 
is described. Photolysis of gaseous m ixtures of perfluorocyclobutanone, fluo rine  and oxygen, 
perform ed  in a quartz  vessel un d er UV radiation  from  a high pressure m ercury  lam p filtered  
th ro u g h  Pyrex glass gives rise to perfluorom ethyl peroxofluoroform ate, the y ield being ca. 
3 5 % . O ther m ain reaction p roducts are carbonyl fluoride  and bis (perfluorom ethyl) trioxide, 
the y ield for the la tter is also ca 3 5 % . Bis (p e rflu o rom ethy l)perox ide, perfluorom ethy l 
fluo ro fo rm ate  and a heavy, carbonylic and peroxidic fraction are also form ed, though in lesser 
am ounts.

F ractionation  of the reaction m ixture was achieved by low tem pera ture  vaporizations and 
frac tiona l codistillation.

31 R esults reported  in this pap er were presented at the X Latin Am erican Chemical 
M eeting, San José, Costa Rica, February  1969.
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Two independent synthetic routes to perfluorom ethyl peroxofluoroformate  
(P F M P F F M ),  F C ( 0 ) 0 0 F s . have been described recently. Talbott1 prepared, 
this substance-which he called fluoroform yl perfluorom ethyl peroxide- upon  
irradiation of bis (fluoroformyl) peroxide, FC ( 0  I O^C ( 0  ) F, and perfluorodia-  
zirine, CF2N 2 , and Cauble and Cady 3 found it as a secondary product in the  
photochem ical reaction of bis (fluoroformyl) peroxide with fluorine.

W ith a very low yield. PFM PFFM  is also produced in the non-explosive  
thermal decomposition of bis (fluoroformyl) peroxide. This reaction gives also 
rise to small quantities of bis (perfluorom ethyl) trioxide (B PFM T ) 3>4, CF3- 
OOOCF.,.

N ow  we have found that PFM FFM  and BPFM T are also formed upon  
irradiation of mixtures of perfluorocyclobutanone (P F C B ) ,  c-CjF0O, fluorine  
and oxygen, the y ie ld  being ca. 35 c/c  for each one (this yield is calculated on 
the basis of consumed PFCB, and assuming an equim olecular relationship  
between this reactant and the p rod u cts ) .

EX PER IM EN TA L

Irrad ia tion  was perform ed in a 250 ml cylindrical quartz  vessel with flat window's» 
prov ided  with a quartz  sp iral m anom eter (according to B odeste in ). H andling of reactants 
and products w'as done in a conventional vacuum  m anifold m ade of Pyrex tubing and 
stopcocks, a lthough in  certain  critical locations valves m ade in M onel, alum inum  and 
T eflon were used. Glass stopcocks as w'ell as standard  tapered  jo in ts were lubricated  w ith 
H alocarbon grease.

T he radiation  source was a high pressure m ercury  lam p (Osram  HBO 500) the light 
of which vas adequately collim ated and filtered  through 2 mm of Pyrex p late glass. T he 
reaction  vessel was therm ostatized  to 35° C (F or a m ore detailed  description of the apparatus, 
see reference 14).

In  a typical experim ent, 50m m  Hg of PFCB, 150m m  Hg of oxygen (electro ly tic) and 
100 mm Hg of fluorine  (A llied Chem. C orp.) w'ere m ixed in the reactor and pliotolyzed. 
T he reaction was follow ed m anom etrically . T hree  stages were thus clearly  apprecia ted : 
a) a short in itia l period  during  which the total pressure  increased slightly ; b) a com para­
tively fast reaction which took place u n til nearly  all PFCB was consum ed and the total p res­
sure decreased in a value roughly equal to the in itial pressure of ke to n e ; c) a m uch slow'er 
reaction , w ith m axim um  rate sm aller than  25%  of that of the fo rm er stage. T his th ird  step 
was never carried  to  com pletion as some tria l experim ents showed that the only reaction  
occurring was the photochem ical fluorination  of the carbonyl fluoride previously form ed 5> f .  
T herefore, it was deem ed convenient to stop the irrad iation  as soon as the form er stage w’as 
com pleted.

T he treatm ent of the reaction m ixture was as follow s: residual fluorine  and oxygen 
(which were always in excess) w'ere pum ped off at —196°. T he non-volatile was then w arm ­
ed to co. —130° and fluorophosgene together with sm aller am ounts of carbon dioxide, bis- 
(perfluorom etliy l) peroxide, CF:,0-CF:;. and perfluorom ethyl fluoroform ate, F C (0 )0 C F :t, wrere 
d istilled  off. This fraction was no t analysed in m uch detail, as w'e were p rim arily  interested 
in the next cut, nam ely the volatile at —40°, which proved to be a m ixture of PFM Pl'FM  
and BPFM T. Small quantities of a non-volatile at —40° were also found, the IR  spectrum  
of which indicated the presence of one or m ore carbonylic substances. T h is m aterial released 
iodine from  potassium  iodide solutions, suggesting a peroxidic nature.
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Separation of PFM PFFM  from  B PFM T was achieved by fractional codistillation  7 using 
hydrogen as ea rn e r. W ith the precau tion  of subm itting sm all fractions at a tim e and p e r­
form ing several succesive runs, it was possible to resolve cleanly the m ixture into its com- 
ponents, which were collected in separate traps inm ersed in liq u id  air. Id en tity  and p u rity  
of the fractions were checked by in frared  spectroscopy.

T he stoichiom etry of reaction  was determ ined  from  partia l pressures of reactants and 
m ain products in the various fractions, as m easured from  infrared  and pressure  data. R esults 
indicate that the m ain reaction  pathw ays could be represen ted  by the equations:

c -  C,F„0 +  2 0 2 +  F2 =  2 COF2 +  FC ( 0 )  0 2CF3
and

c -  CiFoO +  2 0 S +  2 F2 =  2 C 0 F 2 +  CFaOsCFs

DISCUSSION

■ The course of the reaction and the  nature of the products suggest that  
it  is a chain reaction involving perfluorom ethyl and other radicals. The  
perfluorom ethyl radicals must necessarily be formed w ith  a relatively h igh  
yield  from the perfluorom ethylene groups of the ketone;  by further reaction  
with oxygen they should give rise to the polyoxides. It is already well known  
that bis (perfluorom ethyl) trioxide is formed when perfluorom ethyl radicals  
are generated in the presence of oxygen by photolyzing either perfluoroazo-  
raethane 8 0r fluorinc-perfluoroacetone mixtures 9> 10.

The fluoroform yl group in PFM PFFM  could originate in the final step  
of the degradation of the PFCB skeleton. A simultaneous or alternative source 
for this group could be the carbon m onoxide arising from the photolysis of 
the ketone 11. Nevertheless, if  this latter way were operating, formation of  
bis (fluoroformyl) peroxide shoud be expected 1 13 a lthough this substance was 
never detected among the reaction products.

^ e can therefore conclude that the key step in the chain should be the  
attack to the carbonyl group by atomic fluorine rather than the photolysis  of  
the ketone. This is s imilar to the case of perfluoroacetone 9> 10.

These results can also serve as a further proof that in the photochem ical  
reaction between perfluoroacetone, fluorine and oxygen —w hich does not  
y ie ld  either perfluorom ethyl peroxofluoroformate or bis (fluoroformyl p e r ­
o x id e — no fluoroform yl radicals are involved.

We should mention that if no oxygen is added, PFCB is able to react ex­
p losively with fluorine, even at temperature, with formation of a carbonaceus  
deposit.

Indeed, oxygen inhibits such a thermal reaction, in agreement with previous  
exam ples of this effect (c.f. reference 13 ) .  The different behaviour of PFCB  
and perfluoroacetone towards fluorine free from oxygen could be attributed  
to the ring strain of the cyclic ketone a n d /or  to the possible production o f  
biradicals upon its breakage.
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