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SUBIMY 

Tetrafluoroethylene was copolymerised with perfluorinated 

olefins of general formula • CF = CF2> where i s CFy C^F^, 

C F . C F . and C F . Thermogravimetric analyses of these 
3 7 7 14 9 18 

polymers showed that there was a significant reduction i n t h e i r 

thermal s t a b i l i t y , r e l a t i v e to that of polytetrafluoroethylene, 

when the co-monomer had a branch-chain length of more than one 

carbon atom. This reduction appears to be independent of both 

the concentration and branch-chain length of the co-monomer f o r 

the olefins perfluorobutene to perfluorononene. 

The telomerisation of trifluoroethylene with perfluoroalkyl 

iodides, gave a ser3.es of polyfluoro-l-iodoalkanes, 

S.|.»(C2KF^)n'I, where n = 1, 2, 3 • Dehydrohalogenation 

of the compounds, where n = 1, gave the terminal olefins 

R^oCF = CF 2. Dehydrohalogenation of the compounds ^ ^ ^ 2
 1 

gave a series of perfluoro-hexadienes, from the adduct 

C^F^'CHF'CF^'CHF'GF^I, and also a series of 1-iodoperfluorohexadienes 

from the adduct C F -CF •CBF°CF .CHFI. 
2 5 2 2 
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Abbreviations 

HJhis; i s &. l i a t of abbreviations used i n the: t ex t . 

T.P.E. Tatrafluoro ethylene. 

P.T.F.E. Polytatrafluoroethylene. 

K.F.P. Hexaf luorop ropene • 

P.H.F.P. Polyhexafluo rop ropene• 

7.F2 Vinylidene; f l u o r i d e . 

A. A. Acetonyl acetone;. 

T.C.P. Tricresyl phosphate. 

N<>m.r. Nuclear magnetic resonance* 

Gel.C» Gas—liquid chromatography. 

T.g.a. Thermogravimetrie analysis* 

T»v.a. Thermovolatilisation analysis 

D i f f e r e n t i a l thermal analysis. 

Ats. Atmospheres. 



S E C T I O N I 

THE POLYMERISATION OF FLTORINATED OLEFINS 



I N I R O D J J C H O I 



FLUORINATED ORGANIC POLYMERS 

Thermally- and chemically-stable polymers have long been sought to 

provide such things as thermally-stable lubricants and hydraulic f l u i d s 

for high speed machinery. Resistant metals or ceramics can be used as 

alternatives f o r corrosion-resistant construction materials required f o r 

chemical plant, but, i t has been d i f f i c u l t to f i n d r e s i l i e n t materials 

suitable f o r gaskets, etc. This has led to the investigation of fluorinated 

organic polymers because highly fluorinated aliphatic compounds show high 

thermal s t a b i l i t y and extreme resistance to attack by many common reagents. 

The most important, commercially, of the fluorinated polymers i s 

polytetrafluoroethylezre (P.T.F.E), which shows remarkable resistance to 

acids, a l k a l i s , and a l l common solvents. I t melts at 327° and no 

significant decomposition occurs up to 250°. Because of i t s high melt 

viscosity, P.T.F.E. i s d i f f i c u l t t o fabricate. Many methods have been 
2 3 h, 5 9 10* used to polymerise T.F.E, emulsion, solution, and gamma-irradiation' * 

Ziegler-Natta catalysis of T.F.E. was reported i n 1958> and Sianesi and 
7 13 

Capariccio ' have reported the stereospecific homopolymerisations of 

T.F.E. and hexafluoropropene ( H . F . P . ) . The polymer obtained from H.F . P , 

by t h i s method, i s thought to be a 1:1 copolymer of H.F .P . and isobutene 

(from the catalyst). An unusual method of preparing P.T.F.E. and 

P o H.F . P . has been to subject dichlorodifluoromethane and H.F . P , respectively, 
12 

to a glow discharge. 

The homopolymerisation, to high molecular weight, of perfluoro-olefins, 

other than T.F.E, i s d i f f i c u l t to accomplish. H.F . P . has been polymerised, 
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under very high pressures, i n solvent,-1**" by emulsion teohnique,1"' and by 
i 6 o gamma-irradiation. The polymer melts i n the range 210-250 . I t has a 

low melt viscosity and i s swelled by, or soluble i n , perfluorinated aliphatic 

compounds, these properties being a result of i t s amorphous character. 

Heating perfluoro-cyclobutene^ and gamma-irradiation of perfluoroheptene-1 

both under pressure, produces s o l i d polymers. Using conventional bulk and 
19 

solution methods, Darby and Ellingkoe reported the successful homopolymer-
isations of perfluoropropene, perfluoroheptene -1 , and perfluorononene-1, 

20 

whereas Adams and Bovey f a i l e d to polymerise perfluorobutene -1 , 

perfluorobutene -2 , perfluoroisobutene, perfluoroheptene-1, and perfluorononene-1, 

using bulk and emulsion techniques at autogenous pressures. 

Using gamma-irradiation and high pressures, Wall and his co-workers have 
21 22 polymerised the dienesj perfluoro -1 ,4-pentadiene, -1,5-hexadiene, 

22 22 -*1,6-heptadiene, and -1,7-octadiene. The polymers are often b r i t t l e and 

insoluble, probably due to crosslinking. f a l l found that the 1,4-diene was 

p a r t l y converted to the 1,3-diene, the two dienes then copolymerising. 
23 

Khramchenkov and Zimin have also subjected perfluoro -1 ,7-octadiene to 
gamma-irradiation, at autogenous pressure, but only obtained trimers and 

2J 

tetramers. M i l l e r obtained a s o l i d polymer by heating the dimer of 

perfluorobutadiene. The polymer was insoluble i n acetone and ethanol. 

Tetrafluoroallene homopolymerises to give a highly c r y s t a l l i n e , linear 
25 

polymer, having =C3?2 groups on alternate carbon atoms. Gamma-irradiation 

of hexafluorobut-2-yne gives a polymer said to have the repeating structure 

-(CF3)C=C(CP.3)-.26 
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The copolymer of T.F .E. and H.E.P. resembles P.T.F.E. Although i t s 

thermal s t a b i l i t y i s less than that of P.T . E . E , softening at 285°, and 

having an upper useful temperature l i m i t of 200°, the reduction i n 

e r y s t a l l i n i t y , due to pendant trifluoromethyl groups, allows fabrication 

by conventional melt techniques. H.F.P. has been eopolymerised with 

vinylidene f l u o r i d e (V.Fg), producing elastomers resistant to most solvents, 

except esters and ketones. Vulcanising th.e-H.F.P.-y.I'g copolymers with 

diamines allows them to be used at temperatures up to 200°. Although the 

copolymers of T . i ' . E . and V.F^ only show elastomeric properties at elevated 
28 29 temperatures, terpolymers of T.3?.E, Y . S V , , a n <! H.F.P, are elastomeric. 

The terpolymers are said to show greater resistance to heat, solvents, and 
30 

acids, than the H.F.P-Vel'g copolymers. 
31 

I n a patent, Bro claims to have copolymerised T.F .E. w i t h long 

chain perfluorinated o l e f i n s , giving r i s e to polymers having physical 

properties substantially the same as P.T.F.E, but with melt viscosities 

suitable f o r conventional melt fabrication. Using perfluorodimethyl 

cyclohexane as solvent and perfluorobutyryl peroxide as i n i t i a t o r , Bro 

claims to have copolymerised T.F.Eo with perfluoropentene-1 (1*7$> inclusion), 

perfluoroheptene-1 (0*8^ inclu s i o n ) , and perfluorononene-1 (5*5% inclusion). 

The analyses' were carried out using i n f r a red spectrometry and substantiated 

by pyrolysis of the polymers, and analysis of the pyrolysis gases. I t i s 

doubtful whether either of these methods of analysis i s capable of the 

accuracy needed to quote the values that Bro claims. Bro^ and Krespan^" 

also claim other solution methods capable of producing these copolymers, 



but they report only the copolymerisation of T.F.E. and H.F.P. as examples. 

THE AIM OF IKES THESIS 

The aim of the work reported i n th i s thesis was to prepare copolymers, 

of accurately known composition, containing substantial concentrations of 

each comonomer, and to measure t h e i r thermal s t a b i l i t i e s , i n order to show 

how t h i s property i s affected by change i n chain length, and concentration, 

of comonomer. The polymers were made by copolymerising tetrafluoroethylene 

with perfluorinated o l e f i n s , of general formula R •CF=C]?,-, where R„ i s 

5' W T 1 1 ' c r i 5 C.JS CF 



D I S C U S S I 0 N 
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The only claims f o r the preparation of copolymers of T.F.E. and 
4 C "2 A 

perfluoroalkenes have been made by Krespan^- and Bro, using solution 

methods and novel i n i t i a t o r s . Bro, i n 1961, summarised the situation 

with respect to the preparation of these copolymers as follows: 

"Although suitable f o r the conversion of T.F.I, to high molecular weight 

polymer, the aqueous system i s not as effective with other fluorinated 

o l e f i n s , since both the rate of polymerisation and the molecular weight 

of the polymer obtained decrease s i g n i f i c a n t l y as the fluorinated o l e f i n 

employed i s increased i n molecular weight. The homopolymerisation of 

hexafluoropropene, i n an aqueous medium, has not been successful and, even 

i n the copolymerisation of T.F.E. with fluorinated olefins of higher 

molecular weight, the rate of polymerisation i s substantially effected." 
15 

However, i n 1963, Lo reported an emulsion polymerisation of H.F.P. 

Although the preparations of copolymers of T.F.E. and perfluoroalkenes 

have been claimed, no information i s available concerning the physical 

properties, especially thermal s t a b i l i t i e s , of these polymers. Bro 

commented that his method of making these copolymers gave polymers having 

properties similar to P.T.F.E. but with lower melt vis c o s i t i e s . To obtain 

a satisfactory melt v i s c o s i t y , he claimed that there need only be 1 to 5% 

incorporation of comonomer i n the polymer. 
31 

The incorporation of comonomers i n the copolymers claimed by Bro 

are; perfluoro-pentene ("1*7̂ )> - heptene (0*8^), and -nonene (5*5%)» 

Wo indi c a t i o n was given as to whether these figures were weight- or aole-%. 

The difference between the two i s quite significant. For example, 
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5 weight-^ G<^IQ corresponds to only 1 mole-^ and 0*8 weight-^ 

C_F. corresponds to 0 #2 mole-% C.-F . Bro's method of analysis was 

in f r a red spectroscopic examination of th i n polymer films substantiated 

by pyrolysis of the polymers and analysis of the pyrolysis gases. I t 

seems unlikely from the information given, that either of these methods 

i s capable of the accuracy that Bro implies i n his claim. 

I t was decided to t r y to f i n d a method which would allow the 

preparation of these copolymers, with variable amounts of comonomer 

incorporation, i n order to measure t h e i r thermal s t a b i l i t i e s and, hence, 

determine the dependance of t h i s property on concentration and branch-chain 
31 

length of comonomer. Bro simply stated that increasing the concentration 

of comonomer beyond a certain low l i m i t (5%) reduced the melt viscosity 

of the copolymers below the useful l i m i t and caused a "lowering of the high 

temperature properties" of the copolymers. 

Emulsion polymerisation was the f i r s t method chosen to attempt to 

prepare these copolymers. This technique was chosen i n order to produce 

polymer of high molecular weight suitable f o r thermal s t a b i l i t y analysis. 

This method was successful i n producing copolymers of T.F.E. and H.F.P. 

at autogenous pressure, but only with a low incorporation of H.F.P. Attempts 

to copolymerise T.F.E. with octafluorobutene and decafluoropentene gave 

polymers with comonomer incorporation less than the l i m i t s of accuracy of 

the method of analysis, i . e . less than 2 mole-^ incorporation. Thus, t h i s 

method was not suitable f o r preparing the desired copolymers. 

I t was necessary to choose a more energetic system of polymerisation 
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since the rates of copolymerisation of the oomonomers of molecular weight 

60 

greater than that of H.P.P. appeared to decrease significantly, A Co 

gamma-ray source was available and i t was felt that this should he capable 

of in i t iat ing the copolymerisation of perfluoroalkenes of high molecular 

weight, even under autogenous pressures. 

Bulk copolymerisation, init iated by gamma-irradiation, has the 

advantage that there i s no added chemical init iator. The reaction tube 

only ever contains the comonomers.and products of reaction* A disadvantage 

i s that high-energy radiation produces high concentrations of radicals which 

can rapidly combine to give short-chain polymers. In fact the polymers 

obtained tended to be tacky solids, except for those from the reaction of 

T . F . E . with H . F . P . , and thermal analyses indicated that in most cases, 

there were large amounts ( >50^o) of low-molecular weight material produced. 

By this method, i t was possible to produce polymers which contained 

varying amounts of the comonomers, perfluoro-propene, -butene, and -pentene. 

Polymers were also obtained which included the comonomers, perfluoro-

heptene and -nonene. 

The method of analysis was that of material balance and the amount 

of inclusion of comonomer into a polymer was determined by measuring the 

difference in composition and quantity between the i n i t i a l and recovered 

olefin mixtures. This gave the maximum possible value for the comonomer 

concentration in the non-volatile material, being an apparent polymer 

composition. A minimum comonomer concentration was obtained from the 

weight of recovered polymer. The disparity between the upper and lower 
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l imits of apparent comonomer inclusion was determined by how close the 
overall weight recovery was to 100^. 

From the reactions of T o F . E . with perfluoro-heptene and -nonene, the 

recovery of material was very low and, consequently, the compositions of 

these polymers were not satisfactori ly determined. 

The methods available for determining polymer composition f a l l into 

two categories, those which are absolute methods and those which must be 

calibrated by an absolute method. Absolute methods include elemental 

analysis; material balance; radioactive labelling (e.g. ^ C ) of one 

monomer in a copolymer; and nuclear magnetic resonance (n.nur.) of polymer 

solutions. N.m.r. examination of a solid H . F . P . - T . F . E . copolymer has been 

reported but this required f a c i l i t i e s for examining the sample at 200 . J U r 

An excellent spectrum was obtained at 3"I0°, 20° above i t s crystalline melting 

point. 

Methods which require prior calibration include mass spectroscopy which 

gives qualitative information and crystalline melting points, which provide 

a guide to fabrication possibi l i t ies rather than being a source of detailed 

structural information. The pyrolysis of the polymer and examination of 

the pyrolysis gases by infra red spectroscopy, mass spectroscopy, or gas-

l iquid chromatography ( g . l . c ) , and infra red spectroscopic examination of 

thin polymer films are also extensively used. 

A method of preparation and examination of films prepared from the 
35 

copolymers of T . F . E . and perfluoro-olefins has been reported. The f i lm 

preparation involves pressing the polymer, at 3^0° and ; f0,000 p . s . i . , onto 
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an aluminium disc then removing the metal "by heating in 10$ sodium 

hydroxide, at 9 0 - 1 0 0 ° . The ratio of absorptions at 10*18(i and ^ ^ u , 

multiplied "by ;+*5> gives the net weight f of H.F.P. in a T . E . E . - H . F . P . 

copolymer. The absorption at t ,25|-i (probably an overtone of the carbon-

fluorine stretch at i s used as an internal thickness standard. 

The absorption at 10*1 8JJL was chosen because i t does not occur in the 

P o T . F . E . spectrum. This absorption may be due to a tertiary fluorine atom 

c-c-C 
or to the system i • Imperial Chemical Industries Ltd. used an external 

C 

standard of commercial T . F . E . - H . F . P . copolymer, containing 15$ (w/w) H.F.P. 

The copolymers produced in this work were insoluble in most reagents 

at room temperature, although acetone caused some swelling and did dissolve 

some material ( < 1 ^ ) , possibly low molecular weight material. However, 

these polymers were not soluble enough to allow spectroscopic methods of 

analysis. Elemental analysis could not be used because a l l the polymers 

have the empirical formula ( d ^ n * labelling of olefins would have been 

too expensive i n view of the large quantities used. 

A method based on infra red spectroscopic examination of the polymer 

was i n i t i a l l y sought. Samples of the T . I . E . - H . F . P . copolymer, prepared 

by the emulsion method, were pressed at room temperature at 5000 p . s . i . 

pressure, however, the films were too thick or too particulate, i . e . the 

polymer particles did not flow sufficiently, causing a high proportion of 

l ight-scatter. One spectrum obtained was analysed by the method described 

and gave an analysis corresponding to a 1:1 copolymer of T . F . E . and H.F.P. 

This result contradicted that obtained by mass spectroscopic analysis. 
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Using the acetone solutions, attempts were made to cast thin films 
onto a highly reflecting surface. By bouncing the infra red beam off this 
surface, some absorption occurs giving r ise to a spectrum. An attempt was 
also made to cast a f i lm onto one side of a si lver chloride prism, made from 
a single oiygtal. Internal total reflection of the infra red beam through 
the other two faces of the prism can give r i se to a spectrum. This i s the 
method of attenuated total reflection and rel ies upon the beam penetrating 
sl ightly through into the polymer coating before being internally reflected. 

Polymer coating 

AgCl prism: 

Path of infra red beam 

Wo useful spectrum was obtained from either of these reflectance methods 

due to the high proportion of light-scatter. 

The only feasible method of analysing these polymers was material 

balance. This method requires accurate measurement of the comonomers into 

the reaction vessel , total reclamation, and separation, of the solid and 

gaseous products, and volume and compositional analysis of binary mixtures 

of the recovered gases in which one component often constitutes ca.1%. 

Since the boiling points of most of the olefins used are low, ranging 

from -76° ( C ^ O to +25° ( C ^ Q ) * & method of measuring gases accurately 

was required. The method used was a standard high-vacuum technique. With 

the apparatus originally chosen, reproducible gas measurements could not be 

obtained. By replacing the high-vacuum tap, connecting the standard bulb to 



the manifold, with a mercury-float valve, satisfactory results were 

obtained. This system eliminated the possibil ity of the gases dissolving 

in Apiezone tap grease. 

A series of emulsion homopolymerisations of T . F . E . were carried out to 

test the accuracy of the techniques involved. Prom this series recovery of 

material was 100 ± 1*9 .̂ Errors of this magnitude were acceptable. The 

greatest errors in this method were introduced in two ways, (a) incomplete 

drying of recovered gases, effected by vacuum transferring the gases three 

times from P g ^ ' a n < ^ (k) fa i lure to recover a l l the solid products which 

were generally produced as fine powders. Attempts to handle the dry powder 

resulted in generation of stat ic electricity causing the powder to f l y in 

a l l directions. This was partly overcome by wetting the polymer with 

aqueous acetone, collecting i t in the vessel for weighing, then drying the 

sample in a vacuum desiccator, over ^2^5' ^ o r a k o u - k ^ w o weeks. 

Towards the end of the work, i t was found that the effect of static 

electricity on the polymer could be used to advantage. The normal procedure 

for removing a dry polymer sample from the f i l t e r , for weighing, involved 

the use of a clean spatula and sample tube, with the result that a great 

deal of f ine polymer stuck to the length of the spatula and the outside of 

the sample tube. By polishing the inside of the tube and leaving a thin 

smear of grease around the outside neck, i t was found that almost complete 

transfer of the fine polymer powder into the tube resulted. The tube could 

then be sealed, cleaned outside, and weighed. 



Reclamation of volati le gases from bulk polymerisations was readily 

achieved, but i t was much more d i f f i cu l t from emulsion polymerisations. 

In order to obtain complete recovery of the gases i t was necessary to remove 

them from the reaction mixture under vacuum. However, under vacuum, the 

aqueous emulsion foamed excessively and this resulted in the volati le 

product and a great deal of foam plus solid product being trapped in the 

vacuum system. By allowing the entire contents of the reaction vessel to 

escape, under dynamic vacuum, into a flask cooled in acetone/carbon dioxide, 

the foam and solid products were trapped out. The volatile gases passed 

through this trap and were collected in a glass co i l , cooled in liquid a i r , 

transferred to a f lask containing Pg^fj' a n < i ^ h e n i * 1 * 0 * n e standard bulb. 

The solid product was recovered by washing the apparatus with aqueous 

acetone, and f i l t er ing . 

After measuring the volume of recovered gases, they were stored, under 

vacuum, in sealed glass tubes. A sample of this material was obtained for 

compositional analysis by vacuum transferring the gases from the tube into 

a large bulb and taking a small sample of the equilibrated gases. On 

opening one such sample, which had been stored in the dark for several weeks, 

i t was noticed that the tube contained a colourless gum. On heating the 

tube, to about 100°, there was a violent explosion. This was probably 

caused by the decomposition of a peroxy-polymer, accidental^ formed when 

a mixture of T . P . E . and H.F.P. was sealed in a tube in the presence of 

oxygen. Apparently the mixture i n this tube was stored under ideal 

conditions for the formation of a peroxy-polymer, such as that formed from 
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T . F . E . and oxygen, having the repeating structure ^CF^'GY^O'O^.^ . 
These peroxy-polymers can he handled safely only in solution, on heating 
they decompose violently. Thus, i t i s essential that when storing these, 
and many other, olefins in glass tubes, the presence of oxygen must be 
rigorously excluded. 

The determination of the composition of the gaseous mixtures proved 

d i f f i cu l t . G-.l.c. examination was not effective. The stationary phases 

used to separate T . E . E . and H.P.P. were silicone elastomer (2 m. column), 

didecyl phthalate (2 m.), s i lver nitrate in polyethylene glycol (up to 

6 m . ) , acetonyl acetone (A.A.) (h. m.), and tr icresyl phosphate (T .C.P . ) 

(2 m.). Only on columns containing A.A. and T.C.P. could T . F . E . and H.F.P. 

be resolved f into individual peaks. However, after repeated attempts, i t 

was found impossible to obtain reproducible analyses of mixtures of known 

composition and this method was abandoned. I t would appear that with the 

apparatus available, this method was not capable of accurately determining 

the composition of gaseous mixtures i n which the concentration of one 

component was about \fo* This method could be improved i f i t was possible 

to reproduce, and hold constant, effluent gas pressures and flow rates and 

by using a detector giving a better response. 

Also using gaseous mixtures of known composition, infra red spectros­

copic analysis produced random results . I t i s unlikely that quantitative 

analysis of gaseous mixtures, in which the concentration of one component 

i s less than 5%, i s feasible by this method, except in especially favourable 

circumstances. 



- I k -

Mass spectrometric analysis of gaseous mixtures i s used extensively 

i n the petroleum industry. The method described in the experimental section, 

was quite able to detect 1% of a component in a binary mixture. The use of 

mass spectroscopy for quantitative analysis of mixtures requires that the 

cracking pattern of a given compound, and the sensitivity of the instrument, 

should remain constant and be independent of other compounds present. This 

usually holds over f a i r l y short operating times. Also, i n a mixture, the 

intensities of the fragment ions should be in a constant relation to each 

other and be directly proportional to the quantity of compound present, in 

other words, the contributions of various components to a given fragment 
38 

should be additxve. 

The methods of analysis described were not suitable for use with the 

olefins perfluoroheptene and perfluorononene because they condensed in the 

standard bulb. A solution to this problem was not discovered. Quantities 

of these pure olefins were weighed then transferred by pipette into the 

reaction vessel. After reaction, the liquid was removed by pouring into 

a G-ooch f i l t e r , under vacuum. This w i l l have removed most of the T . F . E . 

dissolved in the mixture, hence, weighing the recovered liquid gave the 

weight of unreacted comonomer. This method gave very poor material balance. 

For the emulsion polymerisations, a simple aqueous solution was chosen, 

consisting of 0*2% (w/w) ammonium persulphate as init iator and 2% (w/w) sodium 

perfluoro-octanoate as emulsifier, in order to reduce contamination of any 

polymer produced. A hydrocarbon soap, sodium lauryl sulphate, was i n i t i a l l y 

used but very l i t t l e reaction occurred, probably due to the low solubility 
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of fluorocarbons in hydrocarbons. 

The T.E.E.-homopolymerisations were carried out, under vacuum, in 

sealed Pyrex tubes. I n i t i a l copolymerisations were attempted using T . E . E . 

and H.F.P. in the same type of tube. These tubes always contained liquid 

H.F.P. ( c r i t i c a l pressure 31*2 a t s . ) and frequent explosions occurred. 

Thus, a stainless steel vessel, designed to be capable of withstanding 

pressures up to 100 ats. was used. 

The emulsion copolymerisation of T . F . E . with H.F.P. at autogenous 

pressure, was successful, giving a copolymer in which there was between 

7 and 16 mole-/? H.E.P . incorporation. Attempts to copolymerise T . F . E . 

with octafluorobutene ( c r i t i c a l pressure_ca.21 ats . ) and decafluoropentene 

( c r i t i c a l pressure ca.18 ats . ) gave polymers which contained less than 

2 mole-^i comonomer. The conversion of T . F . E . to polymer in these latter 

cases were 53% and 35̂ > whereas, in. the reaction with H . E . P o , 100^ conversion 

occurred. This suggests that the oomonomers, other than H.F.P . , might 

behave as chain terminators producing lower molecular weight P . T . E o E . 

The polymers produced i n these latter cases had softening points of 270° 

and 300°, respectively ( P . T . F . E . melts at 327°)• 

Bro claimed that his method of polymerisation gave copolymers having 

properties similar to P . T . F . E . but with lower melt viscosit ies . I n view 

of the errors inherent in the methods of analysis he used and the very low 

degrees of incorporation of comonomers, i t i s possible that he was simply 

producing low-molecular weight P . T . F . E . 

The mode of formation of the polymers obtained, using gamma-ray 
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in i t ia t ion , was d i f f i cu l t to define, other than i t must have been a free 

radical mechanism. The actual composition of the polymers was also in 

doubt. I t was found that irradiating mixtures of T . F . E . and H.F.P. gave 

polymers in which the incorporation of H.F.P.,was time-dependent. Three 

mixtures were made up having similar H . F . P . - T . F . E . ratios and were irradiated 

for different time intervals. The results are expressed in the table: 

H . E . P . - T . F . E . 
mole ratio 

Irradiation 
time 

hrs. 

Apparent H.F.P. 
incorporation in 

polymer 
max. mole % 

7:1 2 

6:1 73 9 

8:1 378 53 

There are several poss ibi l i t ies to account for this phenomenon. The 

assumption was made that most of the T . F . E . was homopolymerised very 

quickly. This was based on the fact that the mixture irradiated for %. 

hrs. gave a polymer containing 98 mole-^ T . F . E . and a volatile fraction 

with xC2 mole-fo T . F . E . (originally 12*5 mle-%). 

I f carbon-fluorine bond scission in the P o T . F . E . then occurred, 

the radical formed may have attacked a molecule of comonomer to produce 

a graft copolymer: 

i I I F-C-F -v\r> F - C ' + 0 F o —• F-C-CF 0 

I I || I I 2 

CF *CF 
• • 

R f R f 
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One imagines that this system could possibly lead to crosslinking. 

However, fluorocarbon polymers under the influence of gamma-rays, tend 

to undergo' carbon-carbon bond scission, in fact P . T . F . E . depolymerises 
39 

on irradiating for long periods of time. Also, the products of 

pyrolysis, from these polymers, were mainly the original monomers. From 

a graft copolymer, one would expect regeneration of T . F . E . but not 

significant amounts of the comonomer. 

The radicals formed from carbon-carbon bond scission could have 

reacted with comonomer molecules. This is represented schematically for 

T . F . E . ( T ) and H.F.P.(H): 

-T-T'T'T V W - I ' I ' T ' + H — * -T'T'T'H* > -T'T*T«H«H\H' 

( I ) ( I I ) 

Addition of one molecule of H.F.P. could have caused chain termination by 

forming an unreactive radical-end to the chain ( l ) , giving a polymer of 

re lat ive ly low molecular weight P . T . F . E . The radical ( I ) may have been 

reactive enough to add on more molecules of H.F.P. ( I I ) . This could have 

led to the formation of block copolymers: 

-T*T*T*H'H«H'T*T»T-

This depended upon the radicals formed from the comonomers, P'CF'R^, being 

reactive enough to add on to another comonomer molecule. 

Irradiation of pure H.F.P. gave a high boiling l iquid with molecular 

weight up to 750 i . e . a pentamer of H.F.P. This l iquid showed C=C 
"•1 —1 

absorptions in i t s infra red spectrum at 1770 cm. (5*6^) and 1710 cm. 
33 

(5»80{i). This confirms the work of Ballantine who, after irradiating 
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H.F.P. (208*7 M.rads)j obtained a viscous liquid that boiled at 175-180° 
and appeared to be a trimer or tetramer of H.F.P. The infra red spectrum 
indicated the presence of both terminal and internal double bonds. 
Charlesby^ considered that, owing to the amount of radiation used, the 
H.F.P. was ionised and reacted stepwise rather than by a free-radical chain 
mechanism. 

Irradiation of pure octafluorobutene gave material with molecular 

weight up to 800 i . e . a tetramer. The infra red spectrum of this material 

indicated that some unsaturation remained. Irradiation of pure decafluoro-

pentene gave material with molecular weight up to 750 i . e . a trimer, which 

had two unsaturation absorptions in i t s infra red spectrum at 17^0 cm. 

(5*67n) and 1700 cm. (5*90p.). Hence, the possibil ity that block copolymers 

were formed does exist. 

Alternatively, the i n i t i a l P . T . F . E . radicals added on to one molecule of 

comonomer. This radical may have been reactive enough to attack another 

P . T . F . E . chain or i t may have added on to another P . T . F . E . radical . In both 

cases, i t can be seen that this would have given r i se to a random copolymer 

having a comonomer concentration which was time (or dose) dependent. 

I t i s possible that this method of polymerisation resulted in an 

equilibrium being set up between bond making and bond breaking producing 

material with a large spread of molecular weights. 

I t was hoped to provide some evidence for this mode of polymer formation 

by irradiating P.T.F.E'*. in the presence of H.F.P. There was a gain of 

0*01 g. in the weight of polymer and a reduction of 5 mole-% ( i n i t i a l l y 
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1.699 x l C T ^ i n the H.E.P. This suggested an incorporation 
between 2 and 23 mole-% H.E.P. (recovery of material was 95*7$). 
The thermogravimetric analysis of this polymer gave a thermogram 
consistent with the degradation of a copolymer. Thus, i t appears 
that breakdown of the i n i t i a l P . T . F . E . may have taken place and 
most certainly there has been some H.E.P. incorporated into the 
polymer, not simply absorbed into i t . 
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APPARATUS 

POLYMERISATION VESSELS 

Polymerisations were carried out in Pyrex tubes (8 cm. x 1 cm. diameter; 

2 mm. wall thickness), necked for sealingj or i n stainless steel tubes 

(21*5 cm. x 1 om. diameter; 4 mm. wall thickness), sealed with a stainless 

steel cap. (see diagram I ) . The steel tubes could be f i t ted with a cap 

having a metal ba l l joint suitable for attaching to a vacuum l ine , and a 

Teflon diaphragm valve (see diagram I I ) . 

VACUUM LIKE (see diagram I I I ) . 

The high-vacuum system consisted of a manifold evacuated by rotary and 

mercury-diffusion pumps. Attached to the manifold were two inlet points, and 

two 3 ! • storage bulbs. Also attached to the-manifold, via a mercury float 

valve, was a l l . bulb used to measure accurate quantities of the olefins, 

tetrafluoroethylene, hexafluoropropene, octafluorobutene, and decafluoro-

pentene. The volume of this bulb, up to a reference mark in the manometer 

of known bore, was accurately known. The volume of free space in the 

manometer, below the refei-ence mark, was calculated for each measurement. 

Hence, knowing the pressure, volume, and temperature, the quantity of gas 

could be calculated. As the mercury in the manometer f a l l s , there was an 

increase in height in the reservoir, the gas pressure was compensated for 

this r i s e . 

The bulb was calibrated by successive additions of carbon dioxide gas, 

vacuum transferred from a 300 c.c. bulb of accurately known volume, including 
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the bore of the tap. The volume of the standard bulb, up to the reference 

mark, was 1*168 ± 0*001^1. 

The manometer bore was measured by f i l l i n g a known length of manometer 

tubing with mercury then weighing the mercury. Knowing the weight of mercury, 

the volume of the glass tube was determined, and from t h i s , the radius of the 

tube was calculated: 

.,, nl a. s.f. r- = Volume = height x radius^ x IT 
density 

GAMMA-SOURCE 

60 
I r r a d i a t i o n s were c a r r i e d out using a nominal 500 curie Co source. 

50 

The source was ca l ibra ted according to the method used by Plimmer. This 

uses a f e r r i c - f e r r o u s system which, under the influence of gamma-irradiation, 

undergoes the overa l l react ion: 
++ +4-+ — 

m2° + °2 + ^ 'NAA-* p e + Lr0K 

The solut ion i r r a d i a t e d consisted of ferrous ammonium sulphate (0*378 g.) and 

potassium chloride (0*060 g . ) , dissolved i n deionised water, and made up to 

1 1. with 1N sulphuric acido The potassium chloride apparently n u l l i f i e s the 

ef fect of s l ight impurit ies i n the deionised water, for some unknown reason. 

Opt ica l dens i t ies were measured with a UNICAM SP 800 spectrophotometer 

( X= 305 mp., s l i t width 1*715 mm.) which was cal ibrated with solutions of 

f e r r i c alum. 
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C a l i b r a t i o n of spectrophotometer. 

F e r r i c alum Optical 

density 
g* mioromoles/l 

Optical 

density 

0*0101 1 0 W 0*377 
0*0221 229*2 0*762 

0*0313 32^*5 0*995 
0»0t72 09*3 1*31 

Plo t t ing micromoles/ l i tre of f e r r i c alum against opt ica l density gave a 

graph of slope 0*00302,.. This i s the extinction coef f i c ient (see appendix 

( a ) ) . 

The & value (the number of molecules which have been changed for 

100 ev*. of energy absorbed) for t h i s reaction was taken as 15*5 moles/ 

l i t r e / k i l o rep. The dose was ca lculated from the formula given by Plimmer: 

Dose (rads) - o p t i c a l density 
ext inct ion coeff ic ient x 

1(r x 0*97 
15*5 

I r r a d i a t i o n of ferrous ammonium sulphate solutions. 

Pyrex tubes (5 cm. x 1 cm. diameter) were f i l l e d with the prepared aerated 

ferrous solution. The tubes were placed at various distances from the 

source and i rrad ia ted for time i n t e r v a l s which ensured incomplete conversion 

of ferrous ion to f e r r i c ion. The opt i ca l densi t ies of these solutions were 

then measured. A control tube was placed next to the source-guide tube, 

the source lowered, then immediately ra i sed . The o p t i c a l density of t h i s 

so lut ion was subtracted from the opt i ca l densi t ies of a l l other i r r a d i a t e d 
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solut ions . The graph of dose rate against distance from the source f a l l s 
o f f exponentially to a steady value. 

Distance from 
source, 

cm. 

Opt ica l 
density 

Time of 
i r r a d i a t i o n 

mins. 

Dose 

rads .x 10"^ 

Dose 
ra te 

rads .x 10"Vhr 

Control , touching 0*06 0 0 0 

Touching 0*8^6 5 20*88 

5 1*038 30 4*28 

10 0*336 30 0*69 1*38 

20 0*101 30 0*21 0%2 

30 o*io;+ 30 0*21 0'1,2 

MASS SPECTROSCOPIC ANALYSIS OF MIXTURES OF FLUORIDATED OLEFINS 

A vacuum l i n e , incorporating a Bourdon spoon gauge, was attached to the 

i n l e t system of an A . E . I - M . S . 9 mass spectrometer. The method involved 

separately measuring known pressures of each pure component, and of the 

mixture, into the source r e s e r v o i r , and measuring the i o n current for 3 or 

k fragments i n each spectrum. Solution of a set of simultaneous equations 

gave an ana lys i s of the mixture. T h i s can he i l l u s t r a t e d hy reference to a 

mixture of T . F . E . and H . F . P . 

The ion currents for fragments with m / e 131» 100, 81 from a sample 

of pure H . F . P . , and from a sample of the mixture, and for fragments with 

m / e 100, 81 from a sample of pure T . F . E . , were measured. 
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131 100 81 

mixture X y z 

a b c 

m, 
/ e 

" " w pure H . F . P . 

The ion current due to H . F . P . i n the mixture at m / e 100 was ~ , and at 
a 

m / e 81 was ~ . The ion currents due to T*]?.E. i n the mixture at m / e 100 

was y - ~ » and at "^a 81 was a - — • S e n s i t i v i t y factors (S) for each 

fragment i n the pure o l e f i n s were calculated from the re lat ionship 

P 
S_ = t ; P i s the pressure of pure o le f in i n uni ts of cm. def lect ion of 
x 1 ^ 

Bourdon gauge, and i^, i s the ion current of a chosen fragmento The 

percentage of T.i'.'JS. i n the mixture i s given by: 

* * x 100 = 1 ~ - — x 100 
W ¥ s " 1 , Hh 

i 2 S 2 

where i 2 » i ^ are the ion currents of T . F . E . and H . I ' . P . , respect ive ly , i n 

the mixture at m / e 100 or 81, and S 2 » are the s e n s i t i v i t y factors of 

T .FoE. and H.]?.P. f o r the same fragment. 

l o r these ca lcu la t ions to be v a l i d , i t i s necessary for ion currents 

to be l i n e a r l y r e l a t e d to reservoir pressure of pure o l e f i n . This was 

establ ished for the pressure range used for each o l e f i n (see appendix ( a ) ) . 

I t was necessary to determine s e n s i t i v i t y factors for each o l e f i n 

for each analys i s c a r r i e d out. Although the s e n s i t i v i t y was found to be 

constant for the duration of one set of measurements, i t varied from day to 

day. The reason for t h i s var ia t ion i s that the exact value of the ion 

current , for a given pressure, depends on several f a c t o r s : - the ultimate 



vacuum atta inable i n the r e s e r v o i r and the mass spectrometer s l i t widths, 

acce lerat ing voltage, focussing of the ion beam, sett ing of the photo-

m u l t i p l i e r , and the state of the source. A l l these fac tors vary da i ly . 

POLYMERISATIONS 

A t y p i c a l emulsion polymerisation 

The aqueous solution contained 0*2% (w/w) ammonium persulphate as 

i n i t i a t o r , and 2fo (w/w) sodium pentadecafluoro-octanoate as emulsifying agent. 

Into a s ta in less s t ee l tube (18 c. c ) , f i t t e d with f i l l i n g cap, was 

placed aqueous emulsion (13 c . c . ) , degassed twice, then tetrafluoroethylene 

—2 —2 (0*3*1-8 g . , 0*3^8 x 10 moles) and hexafluoropropene (5*2^0 g . , 3'k93 x 10~ 

moles) (both oxygen-free) were added by vacuum trans fer . The remaining space 

was f i l l e d with nitrogen (1 a t . ) , then the tube was removed from the vacuum 

l i n e and sealed. On warming, the pressure i n the tube exceeded the c r i t i c a l 

pressure of hexafluoropropene. The tube was rotated for Ifi hr s . i n an o i l 

bath at 55-65°• Af ter removing from the o i l bath, the tube was frozen i n 

l i q u i d a i r , the f i l l i n g cap replaced, the tube evacuated, then the valve i n 

the cap closed. The tube was warmed to room temperature, and, on opening 

the va lve , the contents of the tube were completely removed, effected by 

foaming. The aqueous solut ion and so3d3. material were co l lected i n an 

intermediate glass trap at - 7 6 ° , and the v o l a t i l e o l e f ins were trapped i n a 

glass c o i l , cooled i n l i q u i d a i r . The sol id material (0*387 g.) was removed 

from the glass-ware with aqueous acetone, f i l t e r e d (G-ooch crucible No.3), 

washed (H 2 0) , and dr ied O ^ i j ' vacuum desiccator) . The v o l a t i l e gases were 

vacuum transferred from PgO,. and t h e i r to ta l volume. (3*J(.23 x 10~2 moles) 
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was then measured i n the standard bulb. The v o l a t i l e product was sealed 

i n a g lass tube, under vacuum, u n t i l mass spectrometric analys is could be 

carr i ed out. 

A t y p i c a l gamma-irradiation polymerisation 

Tetrafluoroethylene (0*2̂ 63 g . , 0*2,i>3 x 10 moles) and hexafluoropropene 

(5*535 g»» 3*690 x 10 moles) were sealed, under vacuum, i n a Pyrex tube. 

On warming, the pressure i n the tube exceeded the c r i t i c a l pressure of 

60 

hexafluoropropene. The tube was placed 5 cm. from a Co source for 5b- hrs . 

at room temperature, then the v o l a t i l e products were removed under vacuum 

and t h e i r t o t a l volume (3*747 x 10 moles) was measured i n the standard 

bulb. The v o l a t i l e products were then sealed i n glass tubes to await ana lys i s . 

The s o l i d material (0*396 g.) was removed with aqueous acetone, f i l t e r e d , 

washed (H^O), and dried (V^O^; vacuum des iccator) . 

MATERIAL BALANCES 

I n order to determine the accuracy of using materials balance as a 

method of a n a l y s i s , a ser ies of homopolymerisations of T . E . E . were carr i ed 

outo The react ions were carr ied out i n Pyrex tubes (5 cm. x 1*9 cm. diameter; 

3 mm. w a l l th ickness) containing oxygen-free aqueous emulsion and 

tetraf luoroethylene. The tubes were rotated i n a heated o i l bath, then the 

unreacted tetrafluoroethylene was removed under vacuum. The s o l i d material 

was f i l t e r e d , washed, and dried. The resu l t s are summarised i n table I . 
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TABLE I 

2 
noles x 10 

Time 

bxs. 

Temp.range 

°C 

Recovered material iecovery of 
mat e r i a l r 2 

r 2 
noles x 10 

Time 

bxs. 

Temp.range 

°C So l id 
g* 

Vola t i l e ^ 
moles x 10 

iecovery of 
mat e r i a l r 2 

r 

0*857 11 60-105 0*778 0*086 100*8 +0*8 0*64 

0*832 15 53-63 0*817 0*0̂ .1 103*1 +3*1 9*61 

0*761 15 53-63 0*713 0*057 101*1 +1*1 1*21 

0*857 1 78-85 0*775 0*073 99*0 -1*0 1*00 

1*017 11 60-105 0*880 0*265 101*2 +1*2 1*44 

I n t h i s tab le , H = 100 

and r = N.-N 
1 

£ r 2 = 13*90 

The variance = = ^22. =3*48 n-1 i. ^ 

The standard deviat ion, «r = ( v a r i a n c e ) 2 =1*9 

Hence, the accuracy of these material balances was 100 ± 1*9/£« 

The r e s u l t s of the copolymer!sations of hexafluoropropene, 

octafluorobutene, and decafluoropentene are summarised i n tables I I and I I I . 

The o l e f ins tetradecafluoroheptene-1, and octadecafluorononene-1, 

are not very v o l a t i l e , b.p.'s 81° and 123° respect ive ly . Henoe, they could 

not be handled conveniently using high-vacuum techniques. I n the bulk 

copolymerisations involving these o l e f ins , the quantity of o l e f i n required 

was obtained by weighing, the o l e f i n was pipetted into the glass tube, 

and tetrafluoroethylene was added by vacuum t r a n s f e r . After the react ion , 
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the l i q u i d product was f i l t e r e d of f through a G-ooch N0.3 f i l t e r , and stored 

i n a stoppered tube. The s o l i d product was always a tacky gum and was 

recovered from the tube with a spatula. The analys i s of the polymer was 

based on the polymer recovered, and assumed complete conversion of 

tetraf luoroethylene to polymer. The resu l t s are recorded i n tables IV and V. 

I r r a d i a t i o n of pure olefins^ 

A sample of each pure comonomer was i rrad ia ted i n a Pyrex tube, under 

vacuum. The r e s u l t s are recorded i n table V I . 
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TABLE IV 

P o l l e r 
No. 

Co-
monomer 

Comonomer ° 2\ I r r a d ­
i a t i o n 

time 
h r s . 

Dose 

rads 

Recovered mater­
i a l 

&• 
moles 
x 10 2 g 

moles 
x 10 2 

I r r a d ­
i a t i o n 

time 
h r s . 10"6 

so l id 
g« 

liquxd 
S» 

13 1*3 0*2 0*2 23̂ . 10*0 0*3 3*9 

C T V 3*8 1-1 0-2 0*2 306 13*1 0*3 ) not 
) r e ­

15 C9 F18 2*8 0*6 0*1 0*1 259 11-1 0*3 corded 

TABLE V 

Polymer 
No. 

Comonomer used based 
on polymer recovery 

Incorporation of comonomer Recovery 
of 

naterials 
% 

Polymer 
No. 

g« 
2 

moles x 10 

Based on polymer 
recovered 

Based on 
Somonomer used 

mole % 

Recovery 
of 

naterials 
% 

13 0*1 0*03 13 41 91 

14. 0*1 0*03 13 ca. 50 

15 0'2 0«04 29 oa.20 
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TABLE V I 

Comonomer 

2 
moles x 10 

I r r a d i a t i o n 
time 

h r s . 

Dose 

rads x 

I O - 6 

Vola t i l e 
material 
recovered 

2 
moles x 10 

Loss of 
v o l a t i l e 
material 

% 

Non-volatile 
material: 

highest fragment 
i n mass spectrun 

% 
C3*6 

0*759 378 16*2 0*729 750 

Va 
0*731 569 24*4 0*710 800 

C5*10 

0*792 265 11*4 0*772 2-5% 750 

C^P^-1 and C ^ g - 1 gave no so l id material a f t e r 250 h r s . i r r a d i a t i o n . 



S E C T I 0 E 2 

THE POLYMERISATION OF FLUORINATED OLEFINS 



I N T R O D U C T I O N 



-3k-

The evaluation of the thermal s t a b i l i t y , or resistance to thermal 

breakdown or p y r o l y s i s , of materials, used f o r high temps rature 

appl icat ions has become an important problem i n polymer researcho 

Owing to the lack of information on correlate ons between the chemical 

structure of polymers and t h e i r thermal and oxidative s t a b i l i t i e s , the 

s t a b i l i t i e s of model compounds have often been used as guides. Although 

t h e i r study may a s s i s t i n e lucidat ing mechanisms of degradation, th i s 

approach i s l imi ted because very often the reactions which model 

compounds undergo are converted into chain reactions i n the polymer and 

hence, the polymex often does, not have as high a thermal s t a b i l i t y as 

expected* Also polymers often incorporate some abnormal s tructures , 

not found i n the model compounds, at which some other reaction may occur* 

Bond d i s soc ia t ion energies set an upper l i m i t to the thermal 

s t a b i l i t y which i s rare ly attained i n practice* Extrapolation of 

s t r u c t u r a l re la t ionships of known polymers to others, even of a s imi lar 

type, cannot be done with confidence. 

The most common method of determining the thermal s t a b i l i t i e s of 

polymers i s measurement o f weight loss with %Lme e i ther at constant 

temperature or at a oonstant rate of temperature r i s e , thermogravimetrie 

analys i s ( t . g 0 a 0 ) . I t i s desirable that thermal s t a b i l i t y measurements 

should give information on the chemical mechanism of thermal breakdown 

as wel l as. .the temperature of i t s ; onset* I d e a l l y measurements such as 

weight l o s s should be accompanied by the simultaneous; examination and 
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analys i s of the v o l a t i l e decomposition productso However, thermogravimetry 

can only measure weight l o s s , data obtained fiom these measurements w i l l 
i o 

not resolve consecutive and overlapping reactions* 

Thermogravimetric methods of analysis for determination of rates 

of degradation, a t constant or programmed temperatures, are sat i s factory 

only for polymers with i n s i g n i f i c a n t non-volatile residues. For char-

forming polymers, measurements must be confined to the f i r & t few per 

cent of weight l o s s . This. i s . s t i l l not sat i s factory for polymers 

such as phenolic re s ins because, with these, polymers, there i s a large 
43 

i n i t i a l weight lo s s due to post curing rather than to general degradation. 

Thexsnogravimetry can be applied to the study of any conceivably 

polymer process i n which change of weight i s involved e;og. polymerisation, 

p y r o l y s i s , oxidative degradation, v o l a t i l i s a t i o n , absorption, or 

adsorption. Up to 12ie present time, isothermal and non-isothermal 

thermogravimetry has been used to study the pyrolys is and oxidative 
44d 

degradation of polymers. 

I n thermal analysis of polymers, there are often two types of. 

products present, a v o l a t i l e and a non-volati le materialo Any non­

v o l a t i l e mater ia l , usual ly highly crossl inked degradation products, 

can be examined by i n f r a red spectroscopy, X-ray d i f f r a c t i o n , and 

chemical a n a l y s i s . The v o l a t i l e material , which may be produced 

by depolymerisation, secondary thermal reactions, or f r e e - r a d i c a l 
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s p l i t t i n g i n t o l o w - m o l e c u l a r w e i g h t p r o d u c t s , may be examined by; 

g a a - l i q u i d ch roma tog raphy ( g . l . c ) , mass s p e c t r o m e t r y , o r i n f r a r e d 

44f 
s p e c t r o s c o p y . 

Much w o r k h a s been done r e c e n t l y on t h e q u a l i t a t i v e a n a l y s i s o f 

p o l y m e r s by p y r o l y s i s and a n a l y s i s o f t he v o l a t i l e p r o d u o t s b y a l l 

t h r e e o f these m e t h o d s . B r a u e r 45 has r e v i e w e d many o f t he t e c h n i q u e s 

used t o p y r o l y s e . p o l y m e r s t o g ive ; v o l a t i l e p r o d u c t s s u i t a b l e f o r 

m e a n i n g f u l a n a l y s i s by g . l . c . and emphasises t h a t gas chromatography 

o f f e r s a r a p i d means o f a n a l y s i s o f v o l a t i l e p r o d u c t s . As w i t h 

o t h e r p y r o l y t i c t e c h n i q u e s , t h e r e s u l t s are dependant upon t h e 

e x p e r i m e n t a l c o n d i t i o n s e m p l o y e d . Schooten and E v e n h u i s t ^ have 

a n a l y s e d p o l y m e r s by p y r o l y s i s - g . l . c . w h i l e S c h o l a and h i s c o - w o r k e r s ^ 

u sed g o l . c . t o examine t h e v o l a t i l e p r o d u c t s o f o x i d a t i v e ' d e g r a d a t i o n s . 

M c N e i l l 48 has a l s o a n a l y s e d po lymer s by p y r o l y s i s b u t , i n s t e a d 

o f i d e n t i f y i n g t h e c o m p o s i t i o n s o f v o l a t i l e p r o d u c t s , he measured r a t e s 

o f v o l a t i l i s a t i o n f r o m the v a p o u r p r e s s u r e p r o d u c e d . 

The t h e r m a l s t a b i l i t i e s o f l i q u i d model compounds have been 

d e t e r m i n e d b y a v a p o u r p r e s s u r e method u s i n g an i s o t e n i s c o p e . ^ 

A n a l l i e d method i s t h e r m o p a r t i c u l a t e a n a l y s i s whereby d e c o m p o s i t i o n 

2(JfC 

i s sensed i n t e r m s o f t h e c o n c e n t r a t i o n o f gas -borne c o l l o i d a l p a r t i c l e s . 

Shulman 43 pas sed t h e p y r o l y s i s p r o d u c t s o f p o l y m e r s d i r e c t l y i n t o 

a mass s p e c t r o m e t e r and o b t a i n e d i o n c u r r e n t s f o r each p y r o l y s i s p r o d u c t 

as f u n c t i o n s o f t i m e and t e m p e r a t u r e . 
N o n - p y r o l y t i c methods i n c l u d e e x a m i n a t i o n o f t he changes w h i c h 

49 

o c c u r i n t h e i n f r a r e d s p e c t r a o f p o l y m e r f i l m s on h e a t i n g and 

d i f f e r e n t i a l t h e r m a l a n a l y s i s ( d . t . a . ) . D o t . a . e x a m i n a t i o n o f p o l y m e r s 
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a l l o w s one t o d e t e c t m e l t i n g , s u b l i m a t i o n , d e c o m p o s i t i o n , and phase 

changes , g l a s s t r a n s i t i o n s , c r o s s l i n k i n g r e a c t i o n s , c r y s t a l i s a t i o n , 

and c h e m i c a l r e a c t i o n s . f I n f a c t any p h y s i c a l o r c h e m i c a l 

change w h i c h i n v o l v e s a b s o r p t i o n o r r e l e a s e o f h e a t can be measured 

b y t h i s methodo J e n Chu i ^ * has measured changes i n t h e h e a t 

c o n t e n t ( d . t . a . ) o f p o l y m e r s and s i m u l t a n e o u s l y measured changes i n 

2(4d 

t h e i r e l e c t r i c a l c o n d u c t i v i t y . . Behun and h i s c o - w o r k e r S have 

e v e n used d . t . a . p r o c e d u r e s t o d e t e r m i n e the t h e r m a l , s t a b i l i t i e s o f 

p o l y m e r s . 

To o b t a i n m e a n i n g f u l r e s u l t s f r o m t h e r m o g r a v i m e t r y , i t i s 

n e c e s s a r y t o c o n s i d e r t h e ' e f f e c t s o f t h e f o l l o v d n g f a c t o r s on t h e 

w e i g h t l o s t as a f u n c t i o n o f t e m p e r a t u r e ; t h e amount, f i l m t h i c k n e s s , 

o r p a r t i c l e s i z e o f t h e sample and i t s t h e r m a l c o n d u c t i v i t y ; t he 

geomet ry and c o m p o s i t i o n o f t h e sample h o l d e r - some f l u o r i n a t e d p o l y m e r s 

c a n a t t a c k s i l i c a c r u c i b l e s u n d e r c e r t a i n c o n d i t i o n s t o g i v e v o l a t i l e 

s i l i c o n compounds; t h e r a t e o f h e a t i n g ; t h e s e n s i t i v i t y o f t h e 

r e c o r d i n g mechanism and t h e speed a t w h i c h w e i g h t l o s s i s r e c o r d e d ; 

and t h e c h a n g i n g d e n s i t y o f t h e s u r r o u n d i n g a tmosphere and t h e 

s o l u b x l i t y o f e v o l v e d gases . 

E r r o r s can be i n t r o d u c e d b y c o n d e n s a t i o n o f v o l a t i l e m a t e r i a l 

on t h e sample h o l d e r and by buoyancy of the sample h o l d e r . F r i e d m a n 
) 9 

and H a l l have shown how buoyancy e r r o r s can l e a d t o appa ren t 

w e i g h t l o s s e s by h e a t i n g t h e sample o u t s i d e t h e c r u c i b l e . I t i s 

n o t i m m e d i a t e l y a p p a r e n t wha t i s t h e r e l a v e n c e o f t h i s w o r k . 



Measurements o f t h e r m a l s t a b i l i t y are u s u a l l y expres sed i n te rms 

o f i n d i c e s d e r i v e d f r o m t h e e x p e r i m e n t a l d a t a on t h e b a s i s o f f e a t u r e s 

on a g r a p h * Some i n d i c e s w h i c h have been chosen, commonly exp re s sed 

as d e c o m p o s i t i o n t e m p e r a t u r e s , a r e t h e t e m p e r a t u r e a t w h i c h a c e r t a i n 

r a t e o f b reakdown i s a t t a i n e d o r t h e t e m p e r a t u r e f o r a c e r t a i n p e r c e n t a g e 

d e c o m p o s i t i o n i n a g i v e n t ime . . D o y l e ^ G comments t h a t such 

e m p i r i c a l l y d e t e r m i n e d d e c o m p o s i t i o n t e m p e r a t u r e s are h i g h l y t r i v d J a l 

beoause t h e i r measured v a l u e s depend on t h e c h o i c e o f a n a l y t i c a l 

p r o c e d u r e , s e t t i n g s o f p r o c e d u r a l v a r i a b l e s , and s u p e r f i c i a l . - ' c h o i e e 

o f d e c o m p o s i t i o n * Doy le t a k e s c a r e t o c a l l t hese i n d i c e s " p r o c e d u r a l 

deco m p o s i t i o n temp e r a t u r e s " o 

B r a u e r , i n h i s r e v i e w , d i s c u s s e d t h e m e r i t s o r o t h e r w i s e , o f 

u s i n g a b o a t - o r a f i l a m e n t - t y p # o f p y r o l y s i s u n i t * U s i n g t h e 

me thod o f p y r o l y s i s i n w h i c h t h e sample , i n a b o a t , i s h e a t e d b y a 

f i l a m e n t , t h e b o a t r e p r e s e n t s a r e l a t i v e l y h i g h mass and o n l y r eaches 

t h e f i n a l f i l a m e n t t e m p e r a t u r e a f t e r a f i n i t e t i m e . T h i s means t h a t 

t h e c o m p o s i t i o n o f t h e b reakdown p r o d u c t s do n o t r e f l e c t the p y r o l y s i s 

a t a known t e m p e r a t u r e b u t t h e p y r o l y s i s up t o a known temperature<> 

T h i s can be overcome by u s i n g a h e a t i n g chamber i n s t e a d o f a f i l a m e n t o 

The chamber r e p r e s e n t s a v e r y h i g h mass r e l a t i v e t o the b o a t and 

h e a t i n g - u p can be c o n s i d e r e d i n s t a n t a n e o u s * 

B r a u e r c o n s i d e r s t h a t , a l t h o u g h t h e f i l a m e n t typa p y r o l y s e K ' does. 
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n o t a l l o w opt imum c o n t r o l o f d e g r a d a t i o n c o n d i t i o n s , the pyrogra ias a re 

e n t i r e l y s a t i s f a c t o r y f o r i d e n t i f a c t i o n purposes when p o l y m e r s o f known 

c o m p o s i t i o n a re a v a i l a b l e f o r c o m p a r i s o n . He g i v e s examples o f t h e 

q u a n t i t a t i v e d e t e r m i n a t i o n o f c o p o l y m e r c o m p o s i t i o n , e s t i m a t e d f r o m 

g . l . C o peak h e i g h t s , u s i n g p o l y m e r s i n w h i c h one component i s p r e s e n t 

i n a b o u t 1% c o n c e n t r a t i o n , b u t he a l s o s t a t e s t h a t p o l y m e r d e c o m p o s i t i o n 

i s h i g h l y s e n s i t i v e t o m i n o r changes i n the p y r o l y s i s c o n d i t i o n s . * 

S ince t h e d e g r a d a t i v e r e a c t i o n s do n o t p r o c e e d t o e t g u i l i b r i u m 

i n f l a s h p y r o l y s i s , t h e e x t e n t o f t hese r e a c t i o n s depends n o t o n l y on 

t h e p y r o l y s i s t e m p e r a t u r e b u t i s i n f l u e n c e d b y such f a c t o r s as r a t e o f 

c a r r i e r gas f l o w , r a t e o f c o o l i n g o f p r o d u c t s , and the geomet ry o f t he 

45 
r e a c t i o n chamber. 

! g 

M c N e i l l h e a t e d p o l y m e r samples i n a t u b e connec ted t o a vacuum 

pump v i a a c o l d t r a p . I n such a c o n t i n u o u s l y evacua ted sys tem, i n 

w h i c h v o l a t i l e p r o d u c t s passed f r o m a hea ted sample t o -the c o l d s u r f a c e 

o f a t r a p some d i s t a n c e away, a s m a l l p r e s s u r e d e v e l o p e d w h i c h v a r i e d 

w i t h r a t e o f v o l a t i l i s a t i o n o f t h e sample . Measurements o f t h i s 

p r e s s u r e , w i t h a. P i r a n i gauge, as t h e sample t e m p e r a t u r e v/as i n c r e a s e d 

i n l i n e a r manner, gave a t h e r m o v o l a t i l i s a t i o n a n a l y s i s ( t . v . a . ) thermogram,. 

Each p o l y m e r gave a c h a r a c t e r i s t i c thermogram w h i c h c o n s i s t e d o f 

one o r more peaks* T . g . a . thermograms c o n s i s t o f t r a c e s w i t h p o i n t s 

o f i n f l e c t i o n w h i c h have t o be d i f f e r e n t i a t e d t o o b t a i n r a t e p l o t s . 

Hence, M c N e i l l c o n s i d e r s t h a t t . v . a n a l y s i s o f p o l y m e r s has the 

advan tage o f p r o v i d i n g a more c o n v e n i e n t t r a c e as w e l l as b e i n g 

e x p e r i m e n t a l l y much more s i m p l e * 
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The a p p a r a t u s most commonly u sed f o r t h e s t u d y cf m o d e l compounds 

has been t h e i s o t e n i s c o p e and a d e c o m p o s i t i o n t e m p e r a t u r e has been 

d e f i n e d as t h a t a t w h i c h t h e r a t e o f p r e s s u r e i n c r e a s e due t o 

d e c o m p o s i t i o n i s O.84 m.m. H g / m i n . Johns and h i s c o - w o r k e r s ^ 

have d e s i g n e d an i s o t e n i s c o p e f o r d e t e r m i n i n g t h e r m a l s t a b i l i t i e s 

a t h i g h p r e s s u r e . The sample was h e a t e d i n a s e a l e d m e t a l t u b e , connec ted 

t o a p r e s s u r e gauge, f o r 30 m i n u t e s f o r e q u i l i b r a t i o n . A f t e r t h i s 

t i m e , t h e change i n p r e s s u r e w i t h t i m e was r e c o r d e d t o o b t a i n t h e 

r a t e o f d e c o m p o s i t i o n a t t h e g i v e n t e m p e r a t u r e * 

T h e r m o p a r t i c u l a t e a n a l y s i s depends upon t h e a b i l i t y o f n u c l e i 

t o cause c o n d e n s a t i o n o f a v a p o u r . The condensed v a p o u r d r o p l e t s 

q u i c k l y g row t o a s i z e w h i c h w i l l cause l i g h t s c a t t e r i n g and t h i s 

s c a t t e r i n g c a n be d e t e c t e d by p h o t o e l e c t r i c c o u n t e r s * The amount o f 

l i g h t i s p r o p o r t i o n a l t o t h e number o f d r o p l e t s ( e a c h c o n t a i n i n g one 

n u c l e u s ) and t o t h e i r s c a t t e r i n g a r e a * ^ 

Shulman ^ p a s s e d t h e p r o d u c t s o f p o l y m e r p y r o l y s i s d i r e c t l y 

i n t o a mass s p e c t r o m e t e r * By c o n t i n u o u s l y r e c o r d i n g a c h a r a c t e r i s t i c 

peak on an i n d i v i d u a l c h a n n e l , o r b y i n t e r m i t t e n t l y and r e p e a t e d l y 

s c a n n i n g t h e whole s p e c t r u m , t h e n p l o t t i n g peak h e i g h t as a f u n c t i o n 

o f t e m p e r a t u r e , he o b t a i n e d s e p a r a t e d e t e r m i n a t i o n s o f each p y r o l y s i s 

p r o d u c t as a f u n c t i o n o f t i m e and t e m p e r a t u r e * However, he s t r o n g l y 

recommends t h a t , u n l e s s o t h e r c o n f i r m a t o r y methods f o r i d e n t i f i c a t i o n 



o f p r o d u c t s a re employed , d e f i n i t i v e ass ignments o f p r o d u c t s f r o m 

d e g r a d a t i o n o f c o n d e n s a t i o n p o l y m e r s s h o u l d n o t be made by mass 

s p e c t r o m e t r y . 

The t h e r m a l p r o p e r t i e s o f p o l y m e r s can depend upon t h e i r t h e r m a l 

88 

h i s t o r i e s * ' f o r example , C l a m p i t t f o u n d d . t . a . c u r v e s - w i t h l i t t l e 

c h a r a c t e r u s i n g u n a n n e a l e d samples o f l i n e a r h i g h p r e s s u r e p o l y e t h y l e n e , 

e x c e p t f o r one m a j o r peak a t 134°• A f t e r a n n e a l i n g a t 120° f o r 

30 m i n u t e s , he o b t a i n e d e x t r a peaks a t 115° and 124°• I t i s i m p o r t a n t , 

t h e r e f o r e , t o e s t a b l i s h a u n i f o r m t r e a t m e n t f o r s t u d i e s o f t h e r m a l 

p r o p e r t i e s , e s p e c i a l l y t h o s e t o be i n t e r p r e t e d i n t e rms o f c r y s t a l l i n i i y . 

Behun and h i s c o - w o r k e r a have compared t h r e e t e m p e r a t u r e s i n 

d e t e r m i n i n g t h e r m a l s t a b i l i t i e s f r o m d . t . a o d a t a . These t e m p e r a t u r e s 

were T i , t h e p o i n t o f i n i t i a l deve l opment o f t he exo therm o r endo the rm, 

T d , t h e i n t e r c e p t p o i n t o f t h e e x t r a p o l a t e d base l i n e and t h e s l o p e 

o f t h e endo therm, and T p , t h e t e m p e r a t u r e a t w h i c h t h e endotherm o r 

e x o t h e r m reaches a maximum w i t h t h e r m a l s t a b i l i t y d a t a o b t a i n e d by 

an i s o t e n i s c o p e m e t h o d . The two methods c o u l d be c o r r e l a t e d b y a-, 

l i n e a r e q u a t i o n * K 
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E x o m i n a t i o n o f t h e t h e r m o g r a v i m e t r i e a n a l y s e s o f t h e 

c o n d i t i o n e d p o l y m e r samples sugges t s t h a t copo lymers o f T . F . E . 

w i t h H . F . P . ( c h a i n s t r u c t u r e - C3?2 * 5F * ^Fg - ) a n < a - p e r f l u . o r o i s o b u t e . n e 

CF^ 

( c h a i n s t r u c t u r e - C F 2 / C ^ * ^2 ^ave "thermal s t a b i l i t i e s v e r y 

CF^ CF^ 

s i m i l a r t o t h a t o f P . T . F . E . ( f i g u r e I , samples 3> 16 , 1 8 ) . 

Copolymers o f T . F . E . w i t h p e r f l u o r o - b u t a n e - 1, - p e n t e n e - 1, • 

- h e p t e n e - 1 , and - nonene - 1, have much reduced t h e r m a l 

s t a b i l i t i e s ( f i g u r e I , samples 7> 10, 15 and f i g u r e V I , samples 

14, 15). 
The thermograms o f t h e c o p o l y m e r s 1, 10, 15 (co-monomers 

V̂*8» ^ îo' ^9^18^ a r e v e i y s i m i l a r t o each o t h e r . These 

copolymer 's c o n s i s t o f c h a i n s o f CFg u n i t s w i t h s t r a i g h t - c h a i n 

b r a n c h l e n g t h s o f 2, 3* and 7 c a r b o n a toms, r e s p e c t i v e l y . 

These r e s u l t s sugges t t h a t f o r a b r a n c h l e n g t h o f more t h a n 

one c a r b o n a tom, up t o a t l e a s t seven c a r b o n , a t o m s , t h e r e i s a 

s i g n i f i c a n t decrease i n t h e t h e r m a l s t a b i l i t y o f t h e copo lymer 

r e l a t i v e t o P . T . F . E . A l s o t h i s decrease appears t o be i n d e p e n d e n t 

o f t h e b r a n c h c h a i n l e n g t h . 

F i g u r e I I I c o n s i s t s o f t h e thermograms o f t h e T . F . E . - H . F . P . 

c o p o l y m e r s . Samples 3> 4> 17 have s i m i l a r t h e r m a l s t a b i l i t i e s 

t o P . T . F . E . and samples 1, 2 have s t a b i l i t i e s i n t e r m e d i a t e be tween 

P . T . F . E . and t h e c o p o l y m e r s o f T . F . E . w i t h t h e o l e f i n s p e r f l u o r o b u t e r 

t o p e r f l u o r o n o n e n e . Sample 3 has an appa ren t H . F . P . c o n c e n t r a t i o n 

http://perflu.oroisobute.ne
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o f 5 t o 9 mo le - % and sample 1? (p roduced b y E . I . Dupont L i m i t e d ) 
has an unknown H . F . P . c o n c e n t r a t i o n . However, a n . m . r . i n v e s t i g a t i o n 4̂ 
showed t h a t t h e r e i s abou t 9 mole - % H . F . P . p r e s e n t i n T e f l o n 100. 
Sample 4 has an a p p a r e n t H . F . P . i n c o r p o r a t i o n o f 21 - 53 mole - %, 
These, r e s u l t s w o u l d i n d i c a t e a s m a l l dependance o f t h e r m a l s t a b i l i t y 
upon c o n c e n t r a t i o n o f co-monomer. However, samples 1 and 2 have 
s i g n i g i c a n t l y l o w e r t h e r m a l s t a b i l i t i e s , sanple 1 h a v i n g 7 t o 17 
mole - % H . F . P . and sample 2 an a p p a r e n t i n c o r p o r a t i o n o f 2 mole - % 
H . F . P . 

The thermograms i n f i g u r e I I I i n d i c a t e t h a t t h e r m a l s t a b i l i l g r 

i s i n d e p e n d e n t o f t he c o n c e n t r a t i o n o f b r a n c h i n g . The maximum 

b r a n c h i n g c o n c e n t r a t i o n o c c u r s i n homopolymers o f these co-monomers . 

B o t h , p o l y - H . F . P . and p o ^ y p e r f l u o r o h e p t e n e ( f i g u r e V i a . ) have t h e r m a l 

s t a b i l i t i e s much l o w e r t h a n P . T . F . E . I n f a c t p o l y - H . F . P . decomposes 

a l m o s t c o m p l e t e l y a f t e r 30 m i n u t e s a round 300° whereas sample 4 

(21 - 53 a p p a r e n t mole - % H . F . P . ) was c o n d i t i o n e d f o r many h o u r s a t 

400°. B o t h p o l y - PI .F .P . and p o l y p e r f l u o r o h e p t e n e g i v e a l m o s t 100$ 

y i e l d s o f t h e monomers and i t i s p o s s i b l e t h a t s t e r i c s t r a i n i n c r e a s e s 
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t h e e f f i c i e n c y of the i n i t i a l s c i s s i o n s . 

F i g u r e I V c o n s i s t s o f the thermograms o f t h e copo lymers o f T . F . E . 

w i t h p e r f l u o r o - o l e f i n s c o n t a i n i n g f o u r ca rbon a toms . Sample 18 

(co-monomer p e r f l u o r o i s o b u t e n e ) has a t h e r m a l s t a b i l i t y s i m i l a r ; to t h a t 

o f P . T . F . E . A l l t h e o t h e r samples ( t h e co-monomer i n s a a p l e s 5> 6, 7 
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i s p e r f l u o r o b u t e n e - 1 and i n sample 19 i s p e r f l u o r o c y c l o b u t e n e ) have 
a l m o s t i d e n t i c a l t h e r m a l s t a b i l i t i e s ( s i g n i f i c a n t l y l o w e r t h a n t h a t 
o f P . T . F . E . ) even t h o u g h t h e a p p a r e n t c o n c e n t r a t i o n o f p e r f l u o r o b u t e n e 

ranges f r o m 2 mole - % (sample 5) t o 19 - 45imole - % ( sample 7)» 
A g a i n t h e r e appears t o be no dependency upon comonomer c o n c e n t r a t i o n . 
P e r f l u o r o c y c l o b u t e n e does n o t appear t o c o n f e r any g r e a t e r t h e r m a l 
s t a b i l i t y t h a n the s t r a i g h t - c h a i n o l e f i n s . 

F i g u r e V c o n s i s t s o f t h e thermograms o f t h e copo lymers o f T . F . E . 

w i t h o l e f i n s c o n t a i n i n g f i v e c a r b o n a t o m s . Samples 10 ( p e r f l u o r o p e n t e n e 

- l ) and 20 ( p e r f l u o r o i s o p e n t e n e . - l ) have i d e n t i c a l t h e r m a l s t a b i l i t i e s , 

b o t h s i g n i f i c a n t ^ l o w e r t h a n t h a t of P . T . F . E . Sample 9 ( p e r f l u o r o p e n t e n e 

- l ) gave r i s e t o &. c u r i o u s thermogram i n t h a t i t has a r e l a t i v e l y l o w 

s t a b i l i t y b u t a f t e r a b o u t 1+0% w e i g h t l o s s t h e thermogram i s i d e n t i c a l 

t o t h a t o b t a i n e d f r o m P . T . F . E . a f t e r 4Q& w e i g h t l o s s . 

F i g u r e . V I c o n s i s t s o f t h e thermograms o f t h e copo lymers o f T . F . E . 

and p e r f l u o r o - hep tene - 1 and - nonene - 1. These show i d e n t i c a l 

and p o o r t h e r m a l s t a b i l i t i e s r e l a t i v e t o P . T . F . E . 

I n f i g u r e I I a c o m p a r i s o n i s made be tween t h e thermograms o b t a i n e d 

f r o m P . T . F . E . ( sample 16) and a sample o f P . T . F . E . w h i c h had been 

i r r a d i a t e d i n t h e p re sence of H . F . P . (sample 12). T h e i r t h e r m a l 

s t a b i l i t i e s a re i d e n t i c a l b u t t he thermogram o f sample 12 has t h e 

shape a s s o c i a t e d w i t h t h e d e g r a d a t i o n o f a copolymer ' . 
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A l l t h e thermograms have t h e same b a s i c p r o f i l e , s i m i l a r t o 

t h a t o b t a i n e d f r o m P . T . F . E . The mode o f d e g r a d a t i o n o f P . T . F . E . 

i s a f r e e - r a d i c a l mechanism t h o u g h t t o be t h e r e v e r s e o f t h e 
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p o l y m e r i s a t i o n o f T . F . E . ' T h i s i n v o l v e s " u n z i p p i n g " o f t h e 

p o l y m e r c h a i n f r o m t h e e n d s , f o l l o w e d by some r e a r r a n g e m e n t o f t h e 

p y r o l y s i s p r o d u c t s : 

E f . CF 2 . C F 2 . C F 2 _JlS£L-> B. . • CF • + CF = CF r 

2 CF 2 = GF 2 y CF 2 - CF 2 F 

*GF *CF 
2 2 

2 CF = CF s CF • CF = CF + CF 
2 2 7 3 2 *2 

C F n + C F 0 = C F 0 v CF • CF = CF 0 

' d. c. c.. 7 3 2 

A n a l y s e s o f t h e p r o d u c t s o b t a i n e d by p y r o l y s i s - g . l < . c . show t h a t a 

l a r g e p e r c e n t a g e o f t h e o r i g i n a l monomers are r e c o v e r e d . Thus , i t 

seems r e a s o n a b l e t o assume t h a t i n a l l t h e p o l y m e r s a n a l y s e d t h e r m a l 

d e g r a d a t i o n o c c u r s by a f r e e - r a d i c a l " u n z i p p i n g " p r o c e s s . 

Many o f t h e thermograms e x h i b i t a step i n the r e g i o n o f 20 t o 40$ 

w e i g h t l o s s . One c o n s t r u c t i o n t h a t c a n be p l a c e d upon t h i s i s t h a t 

random c h a i n s c i s s i o n o c c u r s a t t h e s i t e o f a t e r t i a r y f l u o r i n e a tom, 

i . e . where b r a n c h i n g o c c u r s , and t h a t u n z i p p i n g proceeds f r o m these 

p o s i t i o n s o T h i s w o u l d g i v e r i s e t o i n i t i a l v o l a t i l e p y r o l y s i s p r o d u c t s 

r i c h i n t h e co-monomer and t h e f i n a l v o l a t i l e p r o d u c t s w o u l d b e 
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97 d e f i c i e n t i n t h e comonomer. I n f a c t W a l l on p y r o l y s i n g a T . F . E . 
- H . F . P . c o p o l y m e r , f o u n d t h a t t h i s d i d o c c u r . A t 10$ d e c o m p o s i t i o n , 
he f o u n d t h a t t h e v o l a t i l e p r o d u c t c o n t a i n e d B5% H . F . P . and % T . F . E . 
whereas a t 92% d e c o m p o s i t i o n , t h e v o l a t i l e m a t e r i a l c o n t a i n e d o n l y 
1% H . F . P . and 6Q% T . F . E . 

P y r o l y s e s , w i t h g o l . c . a n a l y s i s o f the v o l a t i l e p r o d u c t s , were 

c a r r i e d o u t m a i n l y u s i n g t h e f i l a m e n t p y r o l y s e r a T h i s method 

appeared t o g i v e the minimum number o f r e a r r a n g e m e n t p r o d u c t s , b u t 

i t was s t i l l n o t p o s s i b l e t o o b t a i n a. c o r r e l a t i o n be tween a n a l y s e s 

o b t a i n e d f r o m m a t e r i a l b a l a n c e and t h o s e f r o m p y r o l y s i s - g 0 l . c . 

F i l a m e n t p y r o l y s i s o f a samples o f P . T . F . E . gave a v o l a t i l e 

p r o d u c t c o n t a i n i n g an average o f 1$ H . F . P . ( t a b l e I X ) a t 8 0 0 ° . 

U s i n g t h e b o a t p y r o l y s e r a t 7 0 0 ° , t h e same sample gave a v o l a t i l e 

p r o d u c t c o n t a i n i n g a n average o f 11% H . F . P . and a l s o an average o f 

Qfo p e r f l u o r o c y c l o b u t a n e . 

P r o d u c t s o b t a i n e d f r o m b o a t p y r o l y s i s o f P . T . F . E . : 

% C F 
2 4 

% C F 
3 6 

% C - C F 
4 8 

87 9 4 

78 11 11 

78 13 9 
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Under t h e p y r o l y s i s o o n d i t i o n s chosen P . T . F . E . gave 1$ H . F . P . 

and $6% T . F . E . and c o p o l y m e r s o f T . F . E . and H . F . P . gave v a r y i n g amounts 

o f t h e t w o co-monomers b u t no o t h e r p r o d u c t . Copolymers o f T . F . E . w i t h 

f l u o r o - o l e f i n s o t h e r t h a n H . F . P . decomposed t o g i v e b o t h co-monomers 

and o t h e r v o l a t i l e p r o d u c t s , i n c l u d i n g H . F . P . By c o n s i d e r i n g t h a t t he 

T . F . E . and a s m a l l p r o p o r t i o n o f the H . F . P . ( e q u a l t o V96 ^ ! a s ' °^ ^ e 

T . F . E . ) were p r o d u c e d f r o m l o n g sequences o f CFg u n i t s and t h a t t h e 

r e m a i n i n g H . F . P . and a l l o t h e r p r o d u c t s were p r o d u c e d by d e c o m p o s i t i o n 

o f t h e co-monomer, i t i s p o s s i b l e t o o b t a i n a n a n a l y s i s f o r each c o p o l y m e r . 

A p p l y i n g t h i s method t o samples 5 ( 2 mole - % p e r f l u o r o b u t e n e b y 

m a t e r i a l b a l a n c e ) and 8 ( 2 mole - fo p e r f l u o r o p e n t e n e by m a t e r i a l 

b a l a n c e ) gave co-monomer i n c o r p o r a t i o n s o f 2jfa C^Fg and 3k% C ^ F 1 0 , 

r e s p e c t i v e l y . 

I f one c o n s i d e r s t h a t a l l t h e H . F . P . p roduced came f r o m d e g r a d a t i o n • 

o f l o n g sequences o f C F 2 u n i t s , and t h a t a l l o t h e r v o l a t i l e p r o d u c t s , e x c e p t T . F . E , 

were due t o t h e co-monomer p r e s e n t , sample,5 wou ld have a n i n c o r p o r a t i o n 

o f 2k% C^Fg and sample,<)8 w o u l d have a n i n c o r p o r a t i o n o f 3Q$ C ^ F ^ Q . 

The e r r o r s a r i s i n g f r o m p y r o l y s i s - g . l . c . a n a l y s i s a re q u i t e 

l a r g e , f o r example , a s e r i e s o f a n a l y s e s on sample 4 ( T . F . E . - H . F . P . 

c o p o l y m e r ) gave t h e f o l l o w i n g r e s u l t s : 

% C F 
2 4 

29 38 45 54 63 

% C F 
3 6 

71 62 55 46 37 
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A m a j o r source o f e r r o r i s i n c o m p l e t e p y r o l y s i s o f t h e po lymero 

T h i s i s a consequence o f t h e t e m p e r a t u r e g r a d i e n t a l o n g t h e f i l a m e n t 

o r may even be due t o t h e sample f a l l i n g o f f t he f i l a m e n t . I n t h e 

r e s u l t s q u o t e d above f o r sample 4» t h e f i r s t t h r e e a n a l y s e s (71> 62, 

and 55$ C F . . ) were o b t a i n e d f r o m samples w h i c h were t h o u g h t t o have 
3 6 

f a l l e n o f f t h e f i l a m e n t d u r i n g p y r o l y s i s . The v o l a t i l e p r o d u c t s 

w o u l d t h e n be e x p e c t e d t o c o n t a i n a- h i g h e r p r o p o r t i o n o f H . F . P . i f 

one assumes t h a t i n i t i a l c h a i n s c i s s i o n occu r s a t a b r a n c h i n the 

c h a i n . T h i s appears t o be t h e case i n sanple 4» I t wou ld appear 

t h a t c o n s i d e r a b l e r e f i n e m e n t o f t h i s t e c h n i q u e i s r e q u i r e d b e f o r e 

m e a n i n g f u l r e s u l t s can be o b t a i n e d o 

The p o l y m e r samples p r o d u c e d b y e m u l s i o n p o l y m e r i s a t i o n i n 

s t a i n l e s s s t e e l t u b e s were a l l d i s c o l o u r e d (ye l low—brown) ' . A n a l y s i s 

showed t h a t t h i s d i s c o l o u r a t i o n was due t o the presence o f i n o r g a n i c 

i m p u t i t i e s , i n c l u d i n g i r o n . These i m p u r i t i e s must have been 

d e r i v e d f r o m the r e a c t i o n v e s s e l w h i c h d i d show s i g n s o f c o r r o s i o n . 

One o f t h e s e samples ( l , f i g u r e I I I ) has a t h e r m a l s t a b i l i t y l o w e r 

t h a n a n t i c i p a t e d . T h i s may be due t o the p r e sence o f t hese i n o r g a n i c 

i m p u r i t i e s i n t h e p o l y m e r . 

I t was n o t p o s s i b l e t o d e t e r m i n e m o l e c u l a r w e i g h t s o r t o 

f r a c t i o n a t e any o f t h e p o l y m e r s p r o d u c e d because t h e y were a l l 

i n s o l u b l e i n t h e r e a g e n t s u s e d . Thus , i t was necessary t o t h e r m a l l y 

c o n d i t i o n t h e c r u d e p o l y m e r samples b e f o r e a t t e m p t i n g t h e r m o g r a v i m e t r i c 

a n a l y s e s . The c o n d i t i o n i n g p r o c e d u r e was t o h e a t t h e c rude p o l y m e r , 

i s o t h e r m a l l y i n vacuo , a t a t e m p e r a t u r e chosen f r o m t h e thermogram o f 
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t h e c rude p o l y m e r , t o c o n s t a n t w e i g h t . The t e m p e r a t u r e chosen was l o w 

enough t o r educe d e c o m p o s i t i o n t o a minimum b u t h i g h enough t o remove 

a l l r e a d i l y - v o l a t i l e l o w m o l e c u l a r w e i g h t m a t e r i a l , . I t was hoped 

t h a t t h e p o l y m e r r e m a i n i n g wou ld have a m o l e c u l a r w e i g h t h i g h enough 

t o be u s e f u l f o r t . g . a n a l y s i s . T h i s method appears t o have been 

s u c c e s s f u l because t h e c o p o l y m e r s c o n t a i n i n g H . F . P . ( samples 3 and 4> 

f i g u r e I I I ) and p e r f l u o r o i s o b u t e n e (sample 18 j f i g u r e i ) gave 

thermograms w h i c h sugges t ed t h a t t h e i r t h e r m a l s t a b i l i t i e s were v e r y 

s i m i l a r t o t h o s e o f P . T . F . E . ( sample 16; f i g u r e i ) and a c o m m e r c i a l 

sample o f a T . F . E . - H . F . P . c o p o l y m e r (sample 17,, f i g u r e I I I ) . I t 

i s p o s s i b l e t h a t t h e c o n d i t i o n e d p o l y m e r s had m o l e c u l a r w e i g h t s s i m i l a r 

t o t h o s e o f P . T . F . E . and t h e c o m m e r c i a l T . F . E . - H . F . P . c o p o l y m e r . 

98 

Madorsky and h i s c o - w o r k e r s p y r o l y s e d h i g h m o l e c u l a r w e i g h t 

(2 x 10 )̂ p o l y s t y r e n e and f o u n d t h a t a f t e r a b o u t 10% w e i g h t l o s s t h e 

m o l e c u l a r w e i g h t s t a b i l i s e d a t about 40,000 t o 60,000. T h i s l e v e l 

o f s t a b i l i s a t i o n was i n d e p e n d a n t o f t h e i n i t i a l m o l e c u l a r w e i g h t and 

a ro se f r o m t h e r m a l s c i s s i o n s o f t h e p o l y m e r c h a i n . These s m a l l e r 

c h a i n s t h e n d e p o l y m e r i s e d by u n z i p p i n g o On p y r o l y s i n g p o l y s t y r e n e 

samples w h i c h v a r i e d i n m o l e c u l a r w e i g h t f r o m 2 x 10̂  t o 2 x 10 ,̂ 

t he se w o r k e r s f o u n d t h a t t h e r e was v e r y l i t t l e change i n the r a t e s 

o f d e c o m p o s i t i o n . Hence, i n t e rms o f t h e r m a l s t a b i l i t y measurements 

t h e m o l e c u l a r w e i g h t o f t h e p o l y m e r i s n o t c r i t i c a l . 
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I n t h e copo lymer s p r e p a r e d b y e m u l s i o n t e c h n i q u e s , c o n t a i n i n g 

v e r y s m a l l amounts o f i n c o r p o r a t i o n o f one monomer ( 1$), i t as 

p o s s i b l e t h a t m o l e c u l a r w e i g h t s may be c a l c u l a t e d i f one assumes 

t h a t t h i s monomer behaves as a c h a i n t e r m i n a t i n g a g e n t . F o r 

5 

i n s t a n c e , B r o c l a i m s t o have made a copolymer o f T . F . E . 

c o n t a i n i n g 0.8$ p e r f l u o r o h e p t e n e . I f t h i s i s 0.8 w e i g h t - % 

C ^ F ^ , t h i s c o r r e s p o n d s t o 002 m o l e - $ Q-jS-^* On t h i s basis ; , t h e 

p o l y m e r c h a i n s w i l l c o n s i s t o f , on average , 499 m o l e c u l e s o f C I 

2 4 
and 1 m o l e c u l e o f C P , i . e . t h e p o l y m e r w i l l have an average 

7 14 
m o l e c u l a r w e i g h t a b o u t 50,000. 



E X P E R I M E N T A L 
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.APPARATUS 

Theiraogravimetidc analyses ( t . g . a . ) were c a r r i e d out, i n vacuo, 

using a Stanton Massflow thermobalance. 

P y r o l y s i s - g . l . c . analyses were c a r r i e d out on a Perkin Elmer 

800 gas chromatographic 

Operating procedures 

Thermogravimetric analyses were c a r r i e d out as f o l l o w s : 

The polymer sample (ca» 20 mg.) was placed i n a s i l i c a c r u c i b l e which 

stood on a s i l i c a p l a t f o r m ( l ; diagram I V ) . This p l a t f o r m was 

mounted on a rod r i s i n g from the top of the rea r balance - suspension 

piece o f the thermobalance. The sample was covered by an alumina 

r e f r a c t o r y sheath (2) and the whole enclosed i n a, gas t i g h t furnace (3)• 

The space i n s i d e the furnace was evacuated (ca. 10 ̂  t o r r ) and then 

the temperature o f the furnace was raise d a t a constant rate 

{3*5°/vdxsxte) u n t i l a l l the sample had disappeared. The furnace 

temperature and changes i n sample weight were recorded simultaneously 

on a twin-pen e l e c t r o n i c recorder (4)» The pens were power-driven 

by servo motors and received t h e i r information from a platinum/rhodium 

- platinum thermocouple (5) and from a capacity f o l l o w e r p l a t e , l o c a t e d 

over the balance beam. The f o l l o w e r plate f o l l o w s every movement 

of the beam y e t has no d i r e c t or mechanical contact w i t h i t . 

P y r o l y s i s - g . l . c . analyses were c a r r i e d out by one of two methods, 

i n each case the p y r o l y s i s u n i t was attached d i r e c t l y to the g . l . c . 

u n i t . One method was a boat p y r o l y s i s 0 The apparatus was composed 
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of a quartz, p y r o l y s i s chamber w i t h §. furnace ( L ; diagram V) and an 

e l e c t r i c a l c o n t r o l u n i t (2). The p y r o l y s i s chamber had two attached 

tubes which served as storage places f o r the sample boats before (3) 

and a f t e r (4) p y r o l y s i s , r e s p e c t i v e l y . The weighed sample, i n a 

s i l i c a boat, was moved i n s i d e the chamber w i t h the help o f an outside 

magnet which moved a short l e n g t h o f s t e e l rod placed behind the boat. 

The chamber was pre-heated t o the desired temperature and the pyrolysis 

products were purged, as a "plug", onto the chromatographic column by 

the c a r r i e r gaso The chromatograph was f i t t e d w i t h a s i l i c o n e elastomer 

column (2m.) and a f l a m e - i o n i s a t i o n detector, w i t h n i t r o g e n as a c a r r i e r 

gas (30 c.c./minute). The polymer was pyrolysed a t 800° f o r 15 seconds 

then the p y r o l y s i s products were passed onto the column at c&. 20°o 

The column was h e l d a t t h i s temperature f o r 2 minutes then programmed, 

at 10°/minute, t o 200° o Peak areas were measured by a Kent chromalog 

e l e c t r o n i c i n t e g r a t o r * 

The other method was a f i l m e n t pyrolyser (diagram Vl)« The 

p y r o l y s i s u n i t was plugged i n t o a septum cap attached t o the end of 

the chromatographic column ( a t l ) . C arrier gas entered one end o f 

the u n i t and passed through onto the columno The polymer was hel d 

i n a platinum-wire s p i r a l (3) i n the gas flow. The s p i r a l f i l a m e n t 

was heated t o the desired temperature f o r 10 seconds i n a constant 

f l o w of c a r r i e r gas. 



DIAGRAM VI 
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Polynier c o n d i t i o n i n g 

A stepped-isothermal analysis was i n i t i a l l y c a r r i e d out on each 

crude polymer. The method used was to place a sample (ca. 20 mg.) 

of the crude polymer i n the thermobalance, heat the sample to 200° 

and keep i t a t t h i s temperature, i n vacuo, u n t i l the polymer ceased 

to lose weight. The temperature was then raised 50° and 'the sample 

was heated u n t i l no f u r t h e r weight loss occurred. This procedure 

was repeated u n t i l a l l the sample had disappeared. From these 

analyses, a s u i t a b l e temperature was chosen f o r c o n d i t i o n i n g each 

polymer such t h a t a l l r e a d i l y - v o l a t i l e m a t e r i a l could be removed. 

A l a r g e r q u a n t i t y (ceu 0<>5g.) o f each crude polymer was then heated, 

at the temperature chosen f o r t h a t polymer, i n vacuo, u n t i l constant 

weight and f u r t h e r analyses were c a r r i e d out on these conditioned 

polymers. 

For the sake of completeness, the analyses of some polymers 

prepared i n these l a b o r a t o r i e s by Dr. R. H. Mobbs have been included. 

The polymer samples analysed, w i t h apparent comonomer concentrations 

obtained by m a t e r i a l balance or sources, are l i s t e d i n t a b l e V I I . 

The thermogravimetric analyses o f conditioned polymers are l i s t e d 

i n t a b l e V I I I . 

The p y r o l y s i s - g . l . c . analyses are l i s t e d i n t a b l e s IX 

(unconditioned samples) and X (conditioned samples). 

Figures I t o V I are the thermograviraetric curves obtained from 

these copolymers. 
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TABLE 711. 

Polymer 

number 
Apparent % 
Gomonomer 

Conditioning Polymer 

number i n c o r p o r a t i o n 
by m a t e r i a l 
balance or °C. h r s . 
source. 

1 7-17 C 3? 6 
400 1.5 

2 2 C3F6 360 3 

3 5-9 C 3P 6 400 1 

4 21-53 C 3F 6 400 

5 0-2 C 4F 8 220 15 

6 40 C 4P 8 300 1.5 

7 19-46 C4Fg 300 

8 0-2 C 5F 1 0 

°5 F10 315 16 

10 10-14 C 5F 1 0 310 3 
11 32-54 C 5P 1 0 

12 2-23 C^Fg 390 1 

13 13-41 

14 « ^ 1 4 320 4 

15 29 C 9F 1 8 250 3.5 

16 I . C . I . Fluon 

17 Dupont. Teflon 100 

18 R.H.Mobbs.iso.C I 
4 8 

400 15 

19 R.H.Mobbs.c-C^Fg 320 2 

20 R.H.Mobbs.iso-Cc-FT n 

5 10 
300 15 

f No analysis; was 
ava i l a b l e f o r t h i s sample 
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TABLE IX 

These analyses were obtained, using the f i l a m e n t pyrolyser, 

from unconditioned polymer samples. 

Polymer Peak Areas 

Number \j U i i l U I J.U1UC J. % 
Go-monomer 

% 
Remain­
der 

P.T.F.E. 

95 
95 
95 
99 
97 

5 
5 
5 
1 
3 

1 
¥ 6 

54 
58 
53 

46 
42 
47 

2 
°3F6 63 

62 
61 

37 
38 
39 

3 C3T6 78 
77 
80 

22 
23 
20 

4 C F 
3 6 

70 
68 
64 

30 
32 
36 

12 c3*6 91 
91 

9 
9 
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TABLE IX (Continued) 

Polymer- Co-monomer 
Peak Areas 

Number 
Co-monomer 

% C F 
2 4 

^ C I . 
3 6 

% ' 
Co-monomer Rernaxn-

der 

5 Ye 60 
68 
49 
63 

12 
9 

15 
10 

15 
18 
14 
16 

13 
5 

22 
11 

6 C F 
4 8 

56 
75 
63 

13 
10 
12 

17 
10 
17 

14 
5 
8 

7 48 
45 
46 

4 
6 
8 

48 
49 
46 

8 C F 
5 10 

76 
51 

10 
2 

3 
6 

11 
hi 

9 C F 
5 10 

97 
76 
85 

2 
8 
6 

1 
9 
6 

7 
3 

10 C F 
5 10 

56 
59 
57 
49 

11 
11 
14 
14 

25 
21 
18 
14 

8 
9 

11 
23 

U C F 
5 10 

40 
34 

28 
24 

10 
15 

22 
27 
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TABLE X_ 

A f t e r c o n d i t i o n i n g , there remained s u f f i c i e n t m a t e r i a l to 
ca r r y out pyrolyses on the f o l l o w i n g samples: 

Polymer 
Number 

Co-monomer 
Peak Areas 

Polymer 
Number 

Co-monomer 

fo C J 
2 4 * s\ % 

Co-monomer 
% 

Remain­
der 

1 C F, 
3 6 

40 
46 
51 
45 

60 
54 
49 
55 

2 C F. 
3 6 

58 
70 
50 
62 

42 
30 
50 
38 

4 C F r 3 6 63 
54 

37 
46 

12 C F, 
3 6 

86 
85 
86 
89 

14 
15 
14 
11 

5 C F 
4 8 

79 
55 
67 
60 

9 
15 
10 
12 

9 
26 
23 
24 

3 
4 

4 
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TABLE X (Continued) 

Polymer Co-monomer 
Peak Areas 

Numbers Co-monomer 
% 

Co-monomer Remain­
der 

6 57 
50 
65 

6 
10 

9 

21 
22 
10 

16 
18 
16 

9 C F 
5 10 

95 
87 
94 
88 

6 
8 
5 

10 

1 
3 
1 
1 

2 

1 

10 SPio 84 
82 
84 

9 
9 
9 

7 
1 
1 

8 
6 

18 78 
83 
74 

22 
17 
26 

19 c-C F 
4 6 

73 
77 

18 
18 

4 
2 

5 
3 

20 ^ l O 67 
68 

17 
16 

6 
7 

10 
9 
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FIGURE I 
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FIGURE V 
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FIGURE VI 
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THE PREPARATION OF POLmUOROIODOiULKAps 

The r e p o r t e d p r e p a r a t i o n s o f p o l y f l u o r o i o d o a l k a n e s c o n s i s t e s s e n t i a l l y 

o f t w o methods . One method i s t h e Hunsd ieoke r r e a c t i o n . T h i s i n v o l v e s 

h e a t i n g t h e s i l v e r s a l t s o f p e r f l u o r i n a b e d c a r b o x y l i c a c i d s w i t h i o d i n e , 

i n a s e a l e d t u b e , f o r example , h e a t i n g s i l v e r h e p t a f l u o r o b u t y r a t e w i t h 

51 
i o d i n e g i v e s h e p t a f l u o r o p r o p y l i o d i d e . The o t h e r method i n v o l v e s a d d i n g 

i o d i n e o r iodo-compounds t o o l e f i n s . Thus , i o d i n e w i l l add t o t e t r a f l u o r o -

52 
e t h y l e n e t o g i v e 1 , 2 - d i - i o d o t e t r a f l u o r o e t h a n e w h i c h , on f u r t h e r h e a t i n g , 

g i v e s compounds o f g e n e r a l f o r m u l a l ( C J ? , ) I , where n = 1 , 2 , 3 . * ^ I n t e r h a l o g e n s , 
c. 4 n 

such as i o d i n e m o n o - c h l o r i d e and " i o d i n e m o n o f l u o r i d e " w i l l a l s o add t o 

f l u o r i n a t e d o l e f i n s . A l l t h e s e r e a c t i o n s a r e c a r r i e d o u t i n a u t o c l a v e s and 

g r e a t c a r e must be t a k e n s i n c e t h e r e a c t i o n s a r e h i g h l y e x o t h e r m i c and many 

e x p l o s i o n s have o c c u r r e d . An e x t e n s i o n o f t h i s l a t t e r method i s t h e 

t e l o m e r i s a t i o n o f f l u o r i n a t e d o l e f i n s , u s i n g p e r f l u o r o a l k y l i o d i d e s as 

c h a i n - t r a n s f e r a g e n t s , f o r example , h e p t a f l u o r o p r o p y l i o d i d e adds t o 

v i n y l i d e n e f l u o r i d e t o g i v e a s e r i e s o f compounds o f f o r m u l a C,F_(CELCIF ) I » 

55 

w h e r e n = 1 - 5 . 

THE PREPAMTIOM..aF W^VOSDMXMES 

P o l y f l u o r o a l k e n e s can be p r e p a r e d by t h e d e h y d r o h a l o g e n a t i o n o f 
p o l y f l u o r o a l k a n e s , h a v i n g h y d r o g e n and ha logen on a d j a c e n t ca rbon a toms . 

56 
T h i s r e a c t i o n i s o f t e n b a s e - c a t a l y s e d b u t examples o f p y r o l y t i c 

57 

d e h y d r o h a l o g e n a t i o n have been r e p o r t e d . E l i m i n a t i o n o f hyd rogen i o d i d e 

o c c u r s p r e f e r e n t i a l l y when t h e r e i s more t h a n one h a l o g e n i n t h e compound, 
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b u t d e h y d r o - c h l o r i n a t i o n , - b r o m i n a t i o n , and - f l u o r i d a t i o n can a l s o be c a r r i e d 

o u t . T h u s , t r e a t i n g 1 - h y d r o - 1 , 1 , 3 - t r i o h l o r o t e t r a f l u o r o p r o p a n e w i t h a l c o h o l i c 

56 

sodium h y d r o x i d e g i v e s 1 , 1 , 3 ~ t r i c h l o r o - 2 , 3 , 3 - t r i f l u o r o p r o p e n e , i n 55$ 

y i e l d . 

Under a p p r o p r i a t e c o n d i t i o n s , any c o m b i n a t i o n o f h a l o g e n s , excep t ? 2 

a n d CIS 1 , can be removed f r o m v i c i n a l d iha logeno-compounds , b y t r e a t i n g w i t h 

a m e t a l , such as z i n c o r magnesium, i n a p o l a r s o l v e n t . The c h o i c e o f s o l v e n t 

i s i m p o r t a n t , f o r example , t r e a t i n g 1 , 2 , 3 , 4 - t e t r a c h l o r o h e x a f l u o r o b u t a n e w i t h 

z i n c i n d i o x a n g i v e s 2^0$ o f 3 > 4 - d i c h l o r o b u t e n e - 1 and 15$ o f t h e d i e n e , 
C O 

whereas t r e a t i n g w i t h z i n c i n e t h a n o l g i v e s $8% d i e n e . 

P o l y f l u o r o - o l e f i n s can a l s o be p r e p a r e d b y p y r o l y s i s o f a v a r i e t y o f 

f l u o r i n a t e d compounds. T h u s , t h e most i m p o r t a n t f l u o r o - o l e f i n p r o d u c e d 

i n i n d u s t r y , t e t r a f l u o r o e t h y l e n e , i s p r e p a r e d b y p y r o l y s i n g c h l o r o d i f l u o r o -

methane a t 700°. The r e a c t i o n p roceeds t h r o u g h t h e f o r m a t i o n , and t h e n 
59 o d i m e r i s a t i o n , o f d i f l u o r o c a r b e n e . T e t r a f l u o r o e t h y l e n e ( b . p « . -76 ) i s 

c o n v e n i e n t l y s t o r e d as i t s homopolymer w h i c h can be d e p o l y m e r i s e d , a t 600° 

and 5 mm.Hg, i n good y i e l d ( ^ 90;$). P y r o l y t i c e l i m i n a t i o n o f hyd rogen 

h a l i d e f r o m f l u o r i n a t e d a l k a n e s can o c c u r , f o r example , h e a t i n g 1 - c h l o r o -

1 , 1 - d i f l u o r o e t h a n e , a t 8 7 0 ° i n a s i l i c a t u b e , g i v e s v i n y l i d e n e f l u o r i d e 

( l o s s o f H C 1 ; 67%) and 1 - c h l o r o - 1 - f l u o r o e t h e n e ( l o s s o f HF; 3 1 * 5 $ ) . " ^ 

D e c a r b o x y l a t i o n o f t h e sod ium s a l t s o f c a r b o x y l i c a c i d s , t o g i v e 

o l e f i n s , i s a r e a c t i o n u n i q u e t o f l u o r i n a t e d a c i d s . T e r m i n a l l y u n s a t u r a t e d 

ire< 
61 

60 
o l e f i n s f r o m t e t r a f l u o r o e t h y l e n e t o p e r f l u o r o n o n e n e have been p r e p a r e d 

b y t h i s m e t h o d . R e c e n t l y t h e p y r o l y s i s o f an a c i d has been r e p o r t e d , 
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2 , 2 , 4 > ^ > J t - - p e n t a f l u o r o b u t y r i c a c i d , a t 620° and 120 mm.Hg, gave 1,1,3,3,3-

p e n t a f l u o r o p r o p e n e , i n 93% y i e l d . 

D e h y d r a t i o n o f f l u o r i n a t e d a l c o h o l s , b y c o n c e n t r a t e d s u l p h u r i c a c i d 

62 
o r phosphorous p e n t o x i d e , g i v e s f l u o r i n a t e d o l e f i n s i n good y i e l d s . 

However , t h i s method sometimes f a i l s , as i n t h e case o f 1 , 1 , 1 - t r i f l u o r o - 2 -

. 65 

h y d r o x y o c t a n e , w h e r e t h e c a r b o n - o x y g e n bond i s s a i d t o be s t r e n g t h e n e d b y 

t h e i n d u c t i v e e f f e c t o f t h e a d j a c e n t t r i f l u o r o m e t h y l g r o u p . I n such c a s e s , 

t h e o l e f i n may be o b t a i n e d b y p y r o l y s i s o f t h e e s t e r . 

The c a r b o n y l - o x y g e n o f n o n - f l u o r i n a t e d ke tones can be r e p l a c e d b y 
Q 

d i f l u o r o m e t h y l e n e * 

,̂0=0 + P ( B u ) 5 + C F 2 C l « C 0 0 « N a — » / C = C F 2 

R" R" 

65 
A l t e r n a t i v e l y , u s i n g f l u o r i n a t e d k e t o n e s : 

° \ C \ /^C H2>2C H3 
G=0 + P ( B u ) , — — ¥ C=C + t r a n s i somer 

/ 3 / \ 
R R H 

A n o t h e r me thod , n o t g e n e r a l l y a p p l i c a b l e t o h y d r o c a r b o n compounds, i s 

t h e r e a c t i o n o f a f l u o r i n a t e d o l e f i n w i t h an o r g a n o - m e t a l l i c compound. 

66 

M e t h y l l i t h i u m r e a c t s w i t h t e t r a f l u o r o e t h y l e n e and c h l o r o t r i f l u o r o e t h y l e n e , 

i n e t h e r a t - 8 0 ° , t o g i v e 1 , 1 , 2 - t r i f l u o r o p r o p e n e and 1 - c h l o r o - 1 , 2 - d i f l u o r o -

p r o p e n e . 

By h e a t i n g t e t r a f l u o r o e t h y l e n e w i t h caes ium f l u o r i d e , i n an a u t o c l a v e , 

67 
Graham has o b t a i n e d a w i d e r a n g e o f s t r a i g h t - c h a i n and b r a n c h e d o l e f i n s , 
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and some d i e n e s . The r e a c t i o n p r o d u c t i s u s u a l l y e x t r e m e l y c o m p l e x , f o r 

i n s t a n c e , on h e a t i n g t e t r a f l u o r o e t h y l e n e a t 100° w i t h caes ium f l u o r i d e i n 

d i g l y m e , Graham o b t a i n e d a r e a c t i o n m i x t u r e c o n t a i n i n g t h e o l e f i n s p e r f l u o r o -

o c t e n e (2 i s o m e r s ) , p e r f l u o r o d e c e n e (3 i s o m e r s ) , p e r f l u o r o d o d e c e n e ( } h i s o m e r s ) , 

p e r f l u o r o t e t r a d e c e n e (2 i s o m e r s ) , and a r e s i d u e . The t w o i s o m e r s o f t h e 

oc t ene were t h e c i s - and t r a n s - f o r m s o f C 2 3?^(CP^)C=C(CF^)C 2 F^. 

F r e e - r a d i c a l a d d i t i o n o f h a l o g e n a t e d a l k a n e s t o a l k y n e s o c c u r s r e a d i l y , 

f o r e x a m p l e , p e n t a f l u o r o e t h y l i o d i d e r e a c t s w i t h a c e t y l e n e , i n an a u t o c l a v e 

o 68 
a t 220-260 , g i v i n g 1 - i o d o - 3 , 3 , 4 , 4 , | , / - p e n t a f l u o r o b u t e n e - 1 , i n 72% y i e l d . 

THE PREPARATION OF P0LYFLU0R0DIENES AND P0LYJXU0R0ALLBNES 

F l u o r i n a t e d d i e n e s a r e p r e p a r e d b y t h e r e a c t i o n s a l r e a d y d e s c r i b e d , 

f o r e x a m p l e , a , « - d i e n e s have been p r e p a r e d b y t h e d e c a r b o x y l a t i o n o f f l u o r i n a t e d 

69 53 69 
d i c a r b o x y l i c a c i d s , and b y t h e K h u n y a n t ' s method. H a s z e l d i n e o b t a i n e d 

p e r f l u o r o b u t a d i e n e , i n $0% y i e l d , b y h e a t i n g d i s o d i u m p e r f l u o r o a d i p a t e . 

K n u n y a n t ' s method i s d e s c r i b e d b y t h e r e a c t i o n scheme: 

+ ° A ~ * I C H 2 - C H 2 ^ C 2 I ^ n C H 2 - C H 2 I C H ^ C ^ C E ^ 

Y i e l d s o f 4.8-75$ a r e q u o t e d f o r t h e d e h y d r o h a l o g e n a t i o n stepo R i n g o p e n i n g 

o f f l u o r i n a t e d c y c l o b u t e n e s has a l s o been c a r r i e d o u t s u c c e s s f u l l y , ^ ' ^ 

g i v i n g c o n j u g a t e d d i e n e s , w h i c h oan a l s o be p r e p a r e d b y c o u p l i n g v i n y l i o d i d e s 

72 

i n t h e p r e s e n c e o f c o p p e r - b r o n z e . T h u s , CC1F=CFI c o u p l e s t o g i v e a 14$ 

y i e l d o f t h e t h r e e i s o m e r s o f CCIF=CF»CF=CC1F. 

U n s a t u r a t i o n may be i n t r o d u c e d , i n s p e c i f i c p o s i t i o n s ? b y d e h a l o g e n a t i o n 

o r d e h y d r o h a l o g e n a t i o n o f a p p r o p r i a t e p r e c u r s o r s , t o g i v e f l u o r o - d i e n e s a n d 
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- a l l e n e s o T h u s , 1 , 1 - d i f l u o r o a l l e n e was p r e p a r e d by d e b r o m i n a t i n g 

73 

2 , 3 - d i b r o m o - 3 > 3 - c L i f l u o r o p r o p e n e , and t e t r a f l u o r o a l l e n e was p r e p a r e d by 

d e h y d r o b r o m i n a t i n g 1,1,3>3>tetrafluoro-3-bromopropene7^" A l l e n e s have a l s o 

been p r e p a r e d b y i s o m e r i s i n g f l u o r o - d i e n e s , i n t h e p re sence o f caes ium 

f l u o r i d e a t 8 0 ° , f o r example , p e r f l u o r o - 1 , 4 - p e n t a d i e n e gave a m i x t u r e o f 
75 

p e r f l u o r o p e n t - 2 - y n e and o c t a f l u o r o p e n t a - 2 , 3 - d i e n e : 

C ] ? 2 = C I , » C F 2 ' C F = C P 2 —> C P 3 * C = C ' C F 2 » C E ,

3 

+ 
CF,«CFaC=CP»CS T . 



i 

P I S C U _ S S _ j _ O J j 



-76-

The p r e p a r a t i o n a n d p r o p e r t i e s o f t h e p e r f l u o r o a l k - 1 - e n e s , 

r e p r e s e n t e d b y t h e g e n e r a l f o r m u l a R f • C F = C F 2 ( R f = C n I ? 2 n + . 1 ,n=1-7) > have 

been repor ted .^ 0 , 76>77 rp^g 0 i e f i n s w e r e p r e p a r e d b y p y r o l y s i s o f t h e 

sod ium s a l t o f t h e a p p r o p r i a t e c a r b o x y l i c a c i d . 

R ^ C J y C i y C O g N a h e a ' t )• R f -GF=CE ,

2 

A n a l t e r n a t i v e r o u t e t o t h e s e o l e f i n s i s r e p r e s e n t e d b y t h e f o l l o w i n g 

r e a c t i o n scheme: 

( 1 ) R * I + CHF=C!P a . d . i . b . ) R •CHB'«CF 0 I 
v / f 2 a u t o c l a v e , f 2 

2 0 0 ° 

( 2 ) R f ' C H F « C P 2 I — > R f ' C F = C ? 2 

The second r o u t e t o t h e p e r f l u o r o a l k - 1 - e n e s appea red most a t t r a c t i v e f o r 

t h i s w o r k , because t h e s t a r t i n g m a t e r i a l s were r e a d i l y o b t a i n a b l e and t h e 

r e a c t i o n s were s u i t a b l e f o r r e l a t i v e l y l a r g e s c a l e w o r k . T h u s , t r i f l u o r o * -

e t h y l e n e was o b t a i n e d ( c a . 80$ y i e l d ) by d e c h l o r o b r o m i n a t i o n o f 1 - c h l o r o -

1 , 2 , 2 - t r i f l u o r o - 2 - b r o m o e t h a n e , CHCIF 'Cl 'gBr , u s i n g z i n c i n r e f l u x i n g e t h a n o l . 

80 

H a s z e l d i n e , i n 1953* r e p o r t e d t h e a d d i t i o n s o f p e r f l u o r o - m e t h y l a n d 

- e t h y l i o d i d e s t o t e t r a f l u o r o e t h y l e n e , u s i n g u l t r a v i o l e t i r r a d i a t i o n , g i v i n g 

r e s p e c t i v e l y p r o p y l i o d i d e ( 8 1 $ ) and p e r f l u o r o b u t y l i o d i d e ( 9 1 $ ) . On 

c a r r y i n g o u t t h e same r e a c t i o n s i n an a u t o c l a v e a t 2 2 0 ° , he o b t a i n e d 
p e r f l u o r o p r o p y l i o d i d e (51$) and i m p l i e d a s i m i l a r y i e l d o f p e r f l u o r o b u t y l 

90 

i o d i d e . E a r l i e r , i n 19^9, H a s z e l d i n e had r e p o r t e d t h a t t h e a d d i t i o n o f 

p e r f l u o r o m e t h y l i o d i d e t o t e t r a f l u o r o e t h y l e n e , u s i n g u . v . i n i t i a t i o n , gave 
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m a i n l y p o l y t e t r a f l u o r o e t h y l e n e and o n l y t r a c e s o f ^ F ^ C ^ ^ ^ I , where 

n = 1 o r 2 . 

P e r f l u o r o e t h y l i o d i d e can be p r e p a r e d i n v e r y h i g h y i e l d (oa .80%) 

b y t h e a d d i t i o n o f " i o d i n e m o n o f l u o r i d e " t o t e t r a f l u o r o e t h y l e n e . ^ A 

s i m i l a r m e t h o d , b u t i n c l u d i n g a n t i m o n y t r i f l u o r i d e i n t h e r e a c t i o n m i x t u r e , 

79 

has been r e p o r t e d w h i c h was s a i d t o produce p e r f l u o r o e t h y l i o d i d e (lJ8 *8°/o), 

as w e l l as p e r f l u o r o - b u t y l i o d i d e (15*8%) and - h e x y l i o d i d e (12'3%)» The 

p r e p a r a t i o n o f p e r f l u o r o p e n t y l i o d i d e , i n 7WQ y i e l d , b y t h e a d d i t i o n o f 
55 

p e r f l u o r o p r o p y l i o d i d e t o t e t r a f l u o r o e t h y l e n e , has a l s o been r e p o r t e d . 

H a s z e l d i n e has a l s o added p e r f l u o r o m e t h y l i o d i d e t o t r i f l u o r o e t h y l e n e 

a n d o b t a i n e d a m i x t u r e o f t h e i s o m e r s o f t h e 1:1 a d d u c t , i n 85^ y i e l d . 
89 

P a r k a n d h i s c o - w o r k e r s r e p o r t e d t h e a d d i t i o n o f i o d i n e m o n o c h l o r i d e t o 

t r i f l u o r o e t h y l e n e and o b t a i n e d 1 - c h l o r o - 1 , 1 , 2 - t r i f l u o r o - 2 - i o d o e t h a n e , 

C F g C l ' C H F I , i n J2fo y i e l d . D e h y d r o e h l o r i n a t i o n o f t h i s compound gave t h e 

o l e f i n , C F 2 = C 1 I , i n 76% y i e l d . Mobbs' r e p o r t e d y i e l d s o f up t o 90% f o r 

t h e a d d i t i o n o f p e r f l u o r o - i s o p r o p y l i o d i d e t o t r i f l u o r o e t h y l e n e . 

I n v i e w o f t h e h i g h y i e l d s r e p o r t e d i n t h e s e r e a c t i o n s , i t was 

c o n s i d e r e d t h a t t h e second r o u t e t o t h e p r e p a r a t i o n o f t h e p e r f l u o r o a l k - 1 -

enes was s u i t a b l e f o r p r e p a r i n g l a r g e q u a n t i t i e s o f t h e r e q u i r e d m a t e r i a l s . 

P e r f l u o r o - e t h y l , - p r o p y l , - b u t y l , - p e n t y l , - h e x y l , a n d - h e p t y l 

i o d i d e s w e r e p r e p a r e d b y one o f t h e f o l l o w i n g r e a c t i o n s : 

[ I F ] + — - » C ^ I 
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I 2 + C 2 \ — ^ ™ 2 ' W 2 I 

I C F 2 * C y 2 I * l ( C P 2 « C F 2 ) n I , a = 2 , 3 . 

[rp]+i(CF 2 'Ci ' 2 ) 2 i — C J P 9 I 

M + I ( C F 2 - C F 2 ) 3 I — » C 6 F 1 3 I 

P e r f l u o r o - e t h y l , - p r o p y l , and - h e p t y l i o d i d e s w e r e bough t f r o m P e n i n s u l a r 

57,58 

C h e m i c a l Co. The p r o p e r t i e s o f a l l t hese i o d i d e s have been r e p o r t e d , 

t h e y w e r e o r i g i n a l l y p r e p a r e d b y t h e Hunsd ieoke r r e a c t i o n . 

l y C O ^ + A g 2 0 a q . ) R ^ C O g A g . 

o 
R f - C 0 2 A g + I 2 -322- ^ R f . ] ; 

The a d d i t i o n o f " i o d i n e m o n o f l u o r i d e " t o t e t r a f l u o r o e t h y l e n e , t h o u g h t 

t o p r o c e e d v i a an i o n i c mechanism, was c a r r i e d o u t b y s e a l i n g t e t r a f l u o r o -

e t h y l e n e , i o d i n e , and i o d i n e p e n t a f l u o r i d e , i n an a u t o c l a v e i n c o r r e c t m o l a r 

p r o p o r t i o n s , and r e a c t i o n o c c u r r e d w h i l e t h e a u t o c l a v e warmed t o room 

t e m p e r a t u r e f r o m l i q u i d a i r t e m p e r a t u r e . O c c a s i o n a l l y no r e a c t i o n o c c u r r e d , 

even on h e a t i n g t o 1 0 0 ° a n d , on one such o c c a s i o n , e x c e s s i v e h e a t i n g 

r e s u l t e d i n c o r r o s i o n o f t h e a u t o c l a v e t o p , l i b e r a t i n g i o d i n e a n d i o d i n e 

p e n t a f l u o r i d e v a p o u r s i n t o t h e a tmosphere . 

F a i l u r e o f r e a c t i o n t o occu r was c o n s i d e r e d t o be due t o t h e f o r m a t i o n 

o f i o d i n e o x y f l u o r i d e s f o r m e d o n s t o r i n g i o d i n e p e n t a f l u o r i d e . However , 

u s i n g a c o m m e r c i a l sample o f i o d i n e p e n t a f l u o r i d e gave no b e t t e r r e s u l t s . 

I t was t h e n c o n s i d e r e d t h a t a c a t a l y s t was neces sa ry and a d d i t i o n o f i o d i n e 

mono c h l o r i d e , , a l s o p r o d u c e d i n t h e p r e p a r a t i o n o f i o d i n e p e n t a f l u o r i d e , 
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r e s u l t e d i n h i g h y i e l d s o f p e r f l u o r o e t h y l i o d i d e . 

The method r epo r t ed t o produce p e r f l u o r o - e t h y l , - b u t y l , and - h e x y l 

i od ides w i t h an antimony t r i f l u o r i d e c a t a l y s t was at tempted, f o l l o w i n g the 

l i t e r a t u r e r e p o r t as c a r e f u l l y and accu ra t e ly as p o s s i b l e , but p e r f l u o r o e t h y l 

i o d i d e was t h e o n l y de tec tab le r e a c t i o n product . 

I o d i n e p e n t a f l u o r i d e was prepared by d i r e c t i n g a stream o f ch lo r ine 

t r i f l u o r i d e , d i l u t e d w i t h n i t r o g e n , onto a l ayer o f i o d i n e c r y s t a l s i n a 

brass p o t . D i f f i c u l t y was o f t e n experienced i n s t a r t i n g the r e a c t i o n but 

t h i s cou ld be overcome by p r i m i n g the iod ine w i t h l i q u i d i o d i n e p e n t a f l u o r i d e . 

The m a t e r i a l f o r p r i m i n g was o f t e n obtained by ca r ry ing out the r e a c t i o n on 

a smal l scale i n a sc rupu lous ly d r y , glass f l a s k , g i v i n g grea ter c o n t r o l o f 

t h i s v i o l e n t r e a c t i o n . 

The a d d i t i o n s o f the iodoallcanes, R ^ , t o t e t r a f l uo ro ethylene and 

t r i f l uo ro e thylene occur by t e l o m e r i s a t i o n r e a c t i o n s . These i n v o l v e f r e e -

r a d i c a l cha in mechanisms r e q u i r i n g the steps i n i t i a t i o n , p ropaga t ion , and 

chain t e r m i n a t i o n . W i t h t e t r a f l u o r o e t h y l e n e , thermal i n i t i a t i o n was s a t i s ­

f a c t o r y bu t w i t h t r i f l u o r o e t h y l e n e , i t was found necessary t o use a chemical 

81 

i n i t i a t o r . Termina t ion i n bo th cases was due t o coupl ing o f an i od ine 

r a d i c a l w i t h the growing te lomer r ad ica lo For t e t r a f l u o r o e t h y l e n e , these 

steps are represented by t h e f o l l o w i n g : 
v » 

I n i t i a t i o n . R^L > R +1 
R f '+CF 2 =CF 2 » R f-C3?2-C]?2 

Propagat ion . R *CF •CF.+nCJ? » R f ( C F 2 C P 2 ) n C F 2 . C F 2 

Termina t ion . R f ( C F 2 - C F 2 ) n C F 2 - C F 2 + l ' » R„(CF * C F j , 1 f v 2 2 n+1 
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I n p r a c t i c e , i t was found t h a t the best way t o ob ta in the des i red product 

i n a se r ies o f compounds o f general f o r m u l a , RJCnl. ) I , was t o proceed 
I d I f . TL 

stepwise i . e . 

V 0 z V n , I + C

2 \ * W 
This was brought about by u s i n g a l a r g e excess ( > 5:1 molar r a t i o ) o f 

iodoalkane over t e t r a f l u o r o e t h y l e n e . This r e s u l t s i n the 1:1 adduct be ing 

the major p roduc t . 

However, the major product obtained on hea t ing p e r f l u o r o m e t h y l i o d i d e 

and t e t r a f l u o r o e t h y l e n e (molar r a t i o 5 : 1 ) , i n an autoclave a t 2 0 0 ° , was a 

w h i t e s o l i d and o n l y 21% o f p e r f l u o r o p r o p y l i o d i d e was ob ta ined . This 

90 

conf i rms Haszeldines e a r l i e r p u b l i c a t i o n i n which he r epo r t ed the p roduc t i on 

o f p o l y t e t r a f l u o r o e t h y l e n e as the major product . 

U.V. i r r a d i a t i o n o f a mix tu re o f p e r f l u o r o e t h y l iod ide and t e t r a f l u o r o ­

ethylene (molar r a t i o 8:1.) , i n a Pyrex tube, was unsuccessfu l b u t , u s ing 

a t h i n - w a l l e d glass tube (1 mm. w a l l t h i c k n e s s ) , p e r f l u o r o b u t y l i o d i d e was 
80 

ob ta ined i n 16% y i e l d , compared w i t h 91% repor ted by Haszeldine. He a lso 

i m p l i e d t h a t t h i s r e a c t i o n cou ld be c a r r i e d out i n an autoclave a t 2 2 0 ° . 

However, on hea t ing mixtures o f p e r f l u o r o e t h y l i o d i d e i n molar r a t i o s f r o m 

2:1 up t o 8 : 1 , and a t temperatures o f 220° t o 3 0 0 ° , i n an au toc lave , 

n e g l i g i b l e r e a c t i o n occurred even i n the presence o f a chemical i n i t i a t o r . 

The a d d i t i o n o f p e r f l u o r o p r o p y l iod ide t o t e t r a f l u o r o e t h y l e n e (molar 

r a t i o h^'A ) , i n an au toc lave , gave perTluoropen ty l i o d i d e i n 33% y i e l d . A 
. , 55 

y i e l d o f 7°% has been r e p o r t e d . 
A d d i t i o n s t o t r i f l u o r o e t h y l e n e repor ted i n the l i t e r a t u r e , ^ ' ^ were 
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i n i t i a t e d w i t h u . v . i r r a d i a t i o n . Mobbs found t h a t thermal i n i t i a t i o n 

was not s u f f i c i e n t and t h a t a chemical i n i t i a t o r ( a , a ' - a z o b i s i s o b u t y r o -

n i t r i l e ) was r e q u i r e d . 

P e r f l u o r o - e t h y l , - p r o p y l , - p e n t y l and - h e p t y l iod ides r e a d i l y add to 

t r i f l u o r o e t h y l e n e i n an au toc lave w i t h a chemical i n i t i a t o r , t o g ive both 

isomers o f the 1:1 adducts. The r a t i o o f R ^ C H F ' C I ^ I t o R f•CFg-CHFI 

(measured by H n . m . r . spectroscopy) v a r i e d f r o m 3*7 "to 5*6:1 and 

88 

Haszeldine found t h a t a d d i t i o n o f pe r f luo rome thy l i o d i d e gave b o t h 

adducts i n the r a t i o 1^:1. Thus, f r e e - r a d i c a l a d d i t i o n occurs more r e a d i l y 

a t the =CH3? end o f the molecule than at the =CFg end. 

I n the t heo ry o f W a l l i n g and Mayo, the o r i e n t a t i o n o f a d d i t i o n i s 

determined by t h e r e l a t i v e s t a b i l i t y o f the two poss ib l e in t e rmed ia t e 

r a d i c a l s , and t h i s i n t u r n by the extent t o which the odd e l e c t r o n i s 

r e sonance - s t ab i l i s ed . By t h i s t h e o r y , R^'GJHP'CFg, which i s a t e r t i a r y 

r a d i c a l w i t h respect t o hydrogen s u b s t i t u t i o n , i s more s table than 

R^'CP^'CHF, a secondary r a d i c a l . Tedder and Wal ton , on the o ther hand, 

propose t h a t a t t e n t i o n should be focussed on the s t rength o f the bond 

formed, not on the s i t e o f t h e odd e l e c t r o n . However, t h e o n l y way t h i s 

can be done q u a l i t a t i v e l y i s t o examine the poss ib le s i t e s f o r the odd 

e l e c t r o n and then assume t h a t t h e new bond i s formed a t the carbon atom 

which forms the l e a s t s t a b i l i s e d radioalo This i n e v i t a b l y leads" t o the 

same p r e d i c t i o n s . Tedder and Walton argue t h a t t h i s i s more l o g i c a l 

because i t draws a t t e n t i o n t o the subs t i tuents a t tached t o the carbon atom 

and enables r a t e o f a t t a c k a t s i t e s i n d i f f e r e n t molecules t o be compared 
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d i r e c t l y . 

Ihe s t r u c t u r e s o f the two isomers, obtained f r o m each o f these r e a c t i o n s , 

were es tab l i shed by dehydrohalogenating the mixtures o f isomers w i t h potassium 

hydroxide a t 90°. The o n l y r e a c t i o n product obta ined under these cond i t ions 

was the o l e f i n , R^GS=CS.^f which must have been produced by e l i m i n a t i o n o f 

H I f r o m R^'CHF'CPglo The un reac t i ve isomer must have the o n l y a l t e r n a t i v e 

s t r u c t u r e , R •CJ? •CHFI. 
1 * The H n . m . r . spectra o f the ser ies o f compounds, R^'CHF'CIi^I always 

cons is ted o f a doublet o f broad bands w i t h a coupl ing constant o f .ca.Jj.2 c . p . s . 

Th i s doublet a r i s e s f r o m geminal EH? coupl ing since JH-F gem, i s u s u a l l y o f 

82 
t h e order o f 40-80 c.p.s* Each member o f t h e ser ies conta ins an 

x 

asymmetr ica l ly s u b s t i t u t e d carbon atom, C, and consequently i s a racemio 

mix tu r e . The a n a l y t i c a l techniques a v a i l a b l e were unable t o separate 

enantiomers. 

The H n.m.r<> spectrum o f the ser ies o f compounds> R^'CFg'CHFI, which 

a lso conta ins an asymmet r ica l ly s u b s t i t u t e d carbon atom, always consis ted o f 

a doublet (j=qa.2j.8 c . p . s . ) o f doublets (J=ca.19 c . p . s . ) . The l a rge coup l ing 

constant aga in a r i s e s f r o m geminal H-3? coup l ing . The smaller coupl ing 

constant p o s s i b l y a r i s e s f r o m v i c i n a l EH? coup l ing w i t h one o f the f l u o r i n e 

atoms on the ad jacen t carbon atom. Since C i s asymmetr ical ly s u b s t i t u t e d , 

the two v i c i n a l f l u o r i n e atoms w i l l be i n d i f f e r e n t environments: F 
F H 

R 1 
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D e t a i l e d n . m . r . spectra were ob ta ined f r o m the products CgF^CCgHE^^I, 

where n = 1 and 2. 

The H spectrum o f CgF^'CHF'CFgl, compound ( a ) , cons i s ted o f a 

doublet o f broad bands (J=ca.^2 c . p . s . ) a t -5*37 p«p«m. and the spectrum 

o f CgF^'CS^'CKET, compound ( b ) , cons is ted o f a doublet (J=)^8 c . p . s . ) of 

double t s (J=19 c . p . s . ) a t -7*50 p .p .m. w i t h respect t o T.M.S. 

The F spectrum o f ( a ) cons is ted o f a CF^ group a t - 8 0 8 p . p . m . , a CF 2 

group a t -1^0*0 p .p .m. and a second CFg group, s h i f t e d a l o n g way d o w n f i e l d , 

a t —111*5 p .p .m. There was a l so a C3? group a t +28*8 p .p .m . w i t h respect t o 

Cg lg . The d o w n f i e l d s h i f t o f the CS'2 group t o -111*5 p .p .m. r e s u l t e d f r o m 

t h e f l u o r i n e atom being bonded t o a carbon atom which was a l so bonded to 

i o d i n e . 

19 

The F spectrum o f (b ) cons i s ted o f a CF^ group a t -82,. p . p . m . , two 

CI?2 groups a t -50*0 and -1^*8 p . p . m . , and a CF group a t +2*8 p .p .m . The 

CF group i s s h i f t e d d o w n f i e l d f r o m t h a t i n ( a ) , again t h i s i s due t o the 

e f f e c t o f an i o d i n e atom bonded t o the same carbon atom. 

The mix tu re o f isomers C g F ^ C g H F ^ g l could be r e so lved by g . l . c . i n t o 

f o u r components. Three o f these components, denoted as ( c ) , ( d ) , and ( e ) , 

were separated f o r analyses. Accurate mass measurements o f the top mass 

peak i n t h e mass spectrum showed t h a t the th ree f r a c t i o n s had the same 

molecular f o r m u l a , C g H g F ^ I . These were i n i t i a l l y considered t o be three 

o f the f o u r poss ib l e s t r u c t u r a l isomers , CJ? •CHF'CF *CHF*CF„I, 
2 5 2 2 

C 0F «CHF*CF »CF *CHFI, 0 o F «CF •CHF'CHP'CF 0I, and C nF «CF •CHF'CF »CHFI. 
However, each o f these s t r u c t u r e s has two asymmetr ica l ly s u b s t i t u t e d carbon 
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atoms and the re are f o u r pos s ib l e o p t i c a l isomers f r o m each s t r u c t u r a l 

isomer. 

The H n . m . r . spectrum o f f r a c t i o n s ( c ) and (d ) were ve ry s i m i l a r t o 

t h a t o f ( a ) . Both cons is ted o f a doublet o f broad l i n e s at -5*2^5 p«p»m., 

w i t h coupl ing constants J = 2,4 c . p . s . and J , = 1+8 c . p . s . This means t h a t 
C 0-

bo th f r a c t i o n s c o n t a i n the s t r u c t u r a l u n i t -CFg'CHF'CF,,-. The two hydrogen 

atoms i n each f r a c t i o n must be i n s i m i l a r environments, r e s u l t i n g i n over lap 

o f t h e i r a b s o r p t i o n bands. The s t ruc tu res o f bo th these f r a c t i o n s now can 

be p a r t l y descr ibed as CgF^CgHF^CHF-'CF^. 

The H n . m . r . spectrum o f f r a c t i o n (e) consis ted o f a doublet 

(J=ca.2i2 c . p . s . ) o f broad bands a t -5*70 p .p»m. and a doublet (J=2^7 c . p . s . ) 

o f doublets (J=18 c . p . s . ) a t -7*65 p .p .m. By s i m i l a r reasoning t o tha t 

a p p l i e d above, the hydrogen atom g i v i n g r i s e to the doublet o f broad bands 

w i l l be i n the s t r u c t u r a l u n i t -CPg'CHF'CF^-* The hydrogen atom g i v i n g r i s e 

t o the doublet o f doublets ( the same system t h a t occurs i n the spectrum o f 

f r a c t i o n ( b ) ) w i l l be i n the s t r u c t u r a l u n i t -OFg'CHPI. Thus, the p a r t i a l 

s t r u c t u r e f o r f r a c t i o n (e ) i s C ^ C C g H F j J C i y C H f l . 

Fur the r i n f o r m a t i o n on the s t ruc tu res o f these compounds was obta ined 
19 19 f r o m t h e i r F n . m . r . spec t ra . The low r e s o l u t i o n F spectrum o f f r a c t i o n s 

( c ) and (d ) were v e r y s i m i l a r . Both consis ted o f a CF^ group a t -80 p . p . m . , 

a Cl?2 group at -110 p .p .m. and two other CF^ groups i n the r e g i o n -50 to 

-56 p . p . m . , and two CF groups i n the reg ion +30 to +50 p .p .m. The CFg groups 

a t -110 pop.m. c o n f i r m t h e presence o f the u n i t CFgl. 

19 / \ The F spectrum o f f r a c t i o n ( e ) consis ted o f a CF group a t -80 p . p . m . , 
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a s e r i e s o f peaks, a r i s i n g f r o m t h r e e CF 2 groups, i n the r e g i o n -50 t o -36 p . p . m . , 

and two CF groups a t +2 p .p .m . and +48 p.p .m. The CF group at +2 p .p .m. 

conf i rms the presence o f t h e u n i t CHS1!. 

19 

The h i g h r e s o l u t i o n F n . m . r . spectra o f these f r a c t i o n s were extremely-

complex. The complete s t r u c t u r e s were deduced by comparing the f i n e s t ruc tu re s 

o f t he CF^ groups. I n the f r a c t i o n s ( a ) , ( c ) , and ( d ) , the CF^ bands were 

s p l i t , b a s i c a l l y , i n t o doub le t s , w i t h coupl ing constants ca.11 c . p . s . This 

suggests t h a t the CF̂ , group i s i n a s i m i l a r environment i n a l l th ree compounds 

and t h e r e f o r e t h a t they a l l conta ined the s t r u c t u r a l u n i t CF,*CF *CHF-. Thus, 
3 2 

the same s t r u c t u r a l fo rmula can be w r i t t e n f o r f r a c t i o n s ( c ) and ( d ) : 
CF,'CF 'CHF'CF •CHF'CF 0 I . 

3 2. d. 

I n f r a c t i o n s (b ) and ( e ) , t h e CF^ bands were s p l i t , b a s i c a l l y , i n t o 

i l l - d e f i n e d t r i p l e t s (J=10*5 c . p . s . ) . Fo l lowing the same reasoning as above, 

t h i s suggests t h a t they bo th contained the s t r u c t u r a l u n i t , CF,*CF » C F n - . 
3 2 2 

Thus, the s t r u c t u r a l formula f o r ( e ) can be w r i t t e n as: 
CF »CF *CF 'CHF-OF *CHFI. 

3 <- £ 2 

The doublet s p l i t t i n g o f the CF^ peak i n compounds con ta in ing t h e 

s t r u c t u r a l u n i t CF^'CF^'CHF-, and the t r i p l e t s p l i t t i n g o f the CF^ peak i n 

compounds c o n t a i n i n g the u n i t CF^'CF^'CF^-* i s cons is ten t w i t h previous r e p o r t s 

t h a t 1:3 F:F coup l ing i s g rea te r than 1:2 coupl ing i n h i g h l y f l u o r i n a t e d 

molecules. 

Al though f r a c t i o n s (c ) and (d) have the same s t r u c t u r a l f o r m u l a , the re i s 

a ve ry s t rong p o s s i b i l i t y t h a t each f r a c t i o n cons is t s o f a racemic mixture and 

t h a t the two f r a c t i o n s are dias tereo- isomerico The f o u r poss ib le o p t i c a l 
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isomers o f ( c ) and (d) are represented i n Fischer p r o j e c t i o n s as: 

H- -F 

H--F 

C F 2 I 

°?5 

F--H 

F-'-F 

F- -H 

C F 2 I 

H- -F 

c / 5 

F—H 

F-~F 

F--H 

C F 2 I 

-F 

-F 

B 

C F 2 I 

D 

A and B , and C and D are enantiomers and A and B are each d ias te reo- i somer ic 

w i t h C and B. F r a c t i o n ( e ) can cons is t o f e i t h e r o f the two pos s ib l e racemic 

mixtures o r i t may cons i s t o f a l l f o u r poss ib le o p t i c a l isomers. 

F r a c t i o n s ( c ) and (d ) are the most expeoted products i . e . a d d i t i o n a t 

the CHF end o f bo th t r i f l u o r o e t h y l e n e molecules, and ( e ) i s the l e a s t expected 

product i . e . a d d i t i o n a t the (2?2 end o f both t r i f l u o r o e t h y l e n e molecules. 

A l though i t was considered t h a t dehydrohalogenation d i d not r e a d i l y occur 

when the hydrogen o r thehalogen atoms were at tached to carbon also bonded t o 

f l u o r i n e , " ^ s o l i d potassium hydroxide a t 90° was found to dehydro- iodinate 

compounds o f the genera l f o r m u l a , R^'CHF'CFgl, qu i te r e a d i l y . Under these 

cond i t ions t he re was no e l i m i n a t i o n o f HF f rom these compounds or f r o m compounds 

o f genera l f o r m u l a , R^ 'CF^CHFI , but us ing more f o r c i n g c o n d i t i o n s , molten 

potassium hydroxide a t 200°, r e s u l t e d i n e l i m i n a t i o n o f bo th HI and HF f r o m 

h i g h l y f l u o r i n a t e d iodoalkanes . For example, dehydrohalogenating the mixed 

isomers o f C 2 F^(C 2 HF^) l a t 90° gave octaf luorobutene-1 as the on ly r e a c t i o n 

produc t , bu t a t 200° f o u r products were i s o l a t e d , two o f which were 

charac te r i sed as octaf luorobutene -1 ( f r o m compound ( a ) ) and t r ans -1 - i odo -

heptaf luorobutene -2 ( f r o m compound ( b ) ) . The other two products were also 



- 8 7 -

ob ta ined by e l i m i n a t i o n o f HP f r o m compound ( b ) . 

S p e c i f i c e l i m i n a t i o n o f H I occurs on dehydrohalogenating w i t h l i t h i u m 

c h l o r i d e i n N,N*-d imethy l formamide. A 53% y i e l d o f pe r f luo rodecene -1 ,C r F.^ , 

was ob ta ined by dehydrohalogenating 2H-1-iododecafluoropentane, C^F^'CHF'CF,,!, 

w i t h t h i s reagent whereas, u s ing potassium hydroxide a t 90° gave a }£% y i e l d 

and a t 200° gave a y i e l d o f o l e f i n . 

Dehydrohalogenating the f r a c t i o n s (c) and ( d ) , o f C n F c ( C 0 H F , ) 0 I , w i t h 
i i p ' j 

potass ium hydroxide a t 2 0 0 ° , gave a ser ies o f compounds o f molecular f o r m u l a , 

CgF,^. These i n c l u d e d f o u r i somer ic hexadienes i . e . they had two absorpt ions 

i n t h e i r i n f r a r e d spect ra i n the r e g i o n 5*5^ t o 6'0\i, and a f i f t h compound 

w i t h an absorp t ion a t 4*95ji. The f i f t h compound was considered to be an 

a l l e n e . An o l e f i n was a l so produced w i t h the formula CgHF^, which most 

p robably had the s t r u c t u r e CgFj- 'CHF'CF^CF^Fg. Fur the r dehydrohalogenation 

o f t h i s o l e f i n gave one o f the hexadienes a l ready i s o l a t e d and the product 

considered t o be an a l l e n e . 

Many pe r f l uo rod i enes have been r e p o r t e d , the m a j o r i t y be ing a ,^-dienes 

prepared by decarboxy la t ing the sodium sa l t s o f p e r f l u o r o d i c a r b o x y l i c a c i d s . 

However, there are v e r y few rou tes to conjugated dienes, the method o f 
72 

coup l ing v i n y l i od ides has not been shown to be gene ra l l y app l i cab le and 

y i e l d s are low (,ca- ^hf0)* p repara t ions o f dienes by r ing-open ing o f 

c y c l o b u t e n e s ^ ' ^ ' ' r e q u i r e d many steps. A method has now been es tab l i shed 

which w i l l r e a d i l y g ive pe r f l uo rod i enes o f any des i red chain l e n g t h . 

A l though t h e r e are a number o f products ob ta ined , one hexadiene occurred 

g r e a t l y i n excess o f t h e o ther products . I t was thought t h a t t h i s was 
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p o s s i b l y t h e pe r f l uo ro -1 ,3 -hexad i ene . 

I n an at tempt to determine the scope of t h i s r e a c t i o n , a d e t a i l e d 

examination was undertaken o f the products obtained on dehydrohalogenating 

The dehydrohalogenations c a r r i e d o u t , us ing potassium hydroxide a t 90 , 

g e n e r a l l y gave an o l e f i n y i e l d i n the range 30-lf.O'fo. The r e a c t i o n was c a r r i e d 

out by f o r m i n g a s l u r r y o f the iodo-a lkane and powdered potassium hydroxide 

( i n a molar excess o f c a . i v t l ) which cou ld be s t i r r e d w h i l e the mix ture was 

heated a t 90°. Th is was a most d i f f i o u l t technique and the r e a c t i o n f r e q u e n t l y 

f a i l e d due t o i n a b i l i t y t o fo rm the s l u r r y . A t 90°, potassium hydroxide forms 

a paste which i s d i f f i c u l t t o s t i r and, on several occasions , the glass f l a s k 

was a t t acked t o such an extent t h a t a l l the product, was l o s t through the smal l 

holes produced. 

I n an at tempt to improve the o l e f i n y i e l d , the dehydro iod ina t ion was 

c a r r i e d out w i t h l i t h i u m c h l o r i d e i n N,N*-dimethyl formamide. The advantages 

were t h a t l i t h i u m c h l o r i d e i s a b e t t e r dehydrohalogenating agent and t h e 

r e a c t i o n was c a r r i e d out i n a homogeneous phase which cou ld be e a s i l y a g i t a t e d . 

However, i n t h e one r e a c t i o n a t tempted , the increased y i e l d o f perf luorodecene 

( f r o m t o 33% by t h i s method) d i d not seem s u f f i c i e n t t o j u s t i f y the l abour 

i n v o l v e d . A great deal o f e f f o r t was r equ i r ed t o d r y , and keep d r y , t h e 

hygroscopic l i t h i u m c h l o r i d e . This was d r i e d by r e f l u x i n g w i t h t h i o n y l 

c h l o r i d e , which was removed by b o i l i n g , the l a s t t races being removed under 

vacuum. The anhydrous l i t h i u m c h l o r i d e was s tored i n an atmosphere o f 

n i t r o g e n . 

I n b o t h o f these methods o f dehydrohalogenating, the v o l a t i l e o l e f i n 

the isomers o f C 
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f r a c t i o n was removed f r o m t h e s i t e o f r e a c t i o n by b lowing a stream o f 

n i t r o g e n through the apparatus. The o l e f i n was t rapped out o f the n i t r o g e n 

stream i n a f l a s k cooled i n l i q u i d a i r . 

Both o f these methods r e s u l t e d i n a great deal o f contamination o f the 

o l e f i n by unreacted s t a r t i n g m a t e r i a l s . This contamination i s serious 

because the iodoalkanes are e x c e l l e n t chain t r a n s f e r agents and would prevent 

p o l y m e r i s a t i o n . I t was found t h a t these iodoalkanes c o - d i s t i l l w i t h the 

o l e f i n s du r ing f r a c t i o n a l d i s t i l l a t i o n even though the b o i l i n g p o i n t s are f a r 

apar t ( C ^ g » 0 ° 5 ^ ^ S 1 ( m i x e ( i i somers ) , % ° ) , The o n l y way t h a t 100^-pure 

o l e f i n s could be ob ta ined was by p r e p a r a t i v e - g . l . c. o f l a rge q u a n t i t i e s 

(ca.10 g . ) and ta lcing a ve ry smal l middle cut f r o m the o l e f i n f r a c t i o n . 

A method which gave h i g h y i e l d s o f o l e f i n (e . go 95% f o r the p r epa ra t i on 

o f p e r f l u o r o h e p t e n e ) , and ve ry l i t t l e contamination by s t a r t i n g m a t e r i a l , was 

dehydrohalogenating w i t h molten potassium hydroxide a t 200°. The iodoalkane 

was vapor ised i n a tube , heated t o about 150°, through which a stream o f 

n i t r o g e n was f l o w i n g . Th i s stream o f vapour was then bubbled through a 

tube con t a in ing mol ten potassium hydroxide and the r e a c t i o n products were 

c o l l e c t e d i n a tube cooled i n l i q u i d a i r . This p rov ided a continuous method 

and so, when acc idents d i d occur , there was very l i t t l e loss o f m a t e r i a l . 

Care must be taken when u s ing t h i s method t o ensure t ha t the re i s 

s u f f i c i e n t potassium hydroxide t o keep the r e a c t i o n mix ture l i q u i d . S o l i d 

potassium i o d i d e and f l u o r i d e are p r e c i p i t a t e d du r ing the r e a c t i o n and can 

q u i c k l y b lock the tubes through which the n i t r o g e n f l o w s . The b u i l d - u p o f pres­

sure can be dangerous because i t i s l i k e l y t o r e s u l t i n spraying molten potassium 
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hydroxide about* 

On dehydrohalogenatit ig t h e mix ture o f isomers o f C JF K (C 0 HF_)l a t 

0 200 , f o u r products were ob ta ined . I t was apparent t h a t the isomer 

C ^ F ^ C ^ ' C H F I had reac ted , hence, i t was necessary to o b t a i n samples o f 

each s t r u c t u r a l isomer t o determine the products o f r e a c t i o n o f each isomer 

Separat ion o f these isomers proved extremely d i f f i c u l t and smal l samples 

(ca .3 g . ) o f each s t r u c t u r a l isomer were obtained by repeatedly en r i ch ing 

samples o f each isomer, u s ing p r e p a r a t i v e - g « l B c . 

The isomer CJ? *CHF*CF I , w i t h potassium hydroxide a t 200°, gave on ly 

oc t a f luo robu tene -1 . However, CgF^'CF^CHFI gave t h r e e products which 

were separated by p r e p a r a t i v e - g . l . c . , s u f f i c i e n t q u a n t i t i e s o f each pure 

produc t were i s o l a t e d t o be analysed by g . l . c . , i n f r a r e d and mass 

spectroscopy. Accurate mass measurements o f the parent peaks o f the th ree 

compounds showed t h a t they a l l had t h e molecular f o r m u l a , C, F _ I . Product 1 

had a c h a r a c t e r i s t i c C=C abso rp t ion i n i t s i n f r a r e d spectrum a t 5'7kVL> 

produc t 2 had a weak, broad abso rp t i on a t 5*77n> a n <3- product 3 d i d not 

absorb i n the r e g i o n 5-6n« 

S u f f i c i e n t m a t e r i a l o f product 3 was accumulated t o c a r r y out a 

19 

F n . m . r . a n a l y s i s . The spectrum consisted o f a CF^ group a t -77*2 p .p .m. 

a. CF 2 group a t -42*2 p . p . m . , and v i n y l i c f l u o r i n e s ( s p l i t i n t o doub le t^ ) 

at, -51*5 and -16*2 p .p .m. w i t h respect t o CgFg. The coupl ing constant 
Q r 

( j g ^ ) f o r t h e v i n y l i c f l u o r i n e peaks i s 152*2 o . p . s . Emsley and h i s 

co-authers quote the f o l l o w i n g coup l ing constant ranges f o r v i n y l i c 

f l u o r i n e atoms; t rans o l e f i n s 115-131 c .p . s . and c i s o l e f i n s 35-58 c . p . s . 

The isomer C CHF*CF_I 
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The on ly poss ib l e c o n f i g u r a t i o n f o r t h i s molecule i s t rans -1 - iodohepta-

f l u o r o b u t e n e - 2 . 

The h i g h r e s o l u t i o n spectrum o f the CF^ peak cons is t s o f a doublet 

( j=28*2 c . p . s . ) o f double t s (J=15*5 c . p . s . ) o f quar te ts ( J . =2*8 c . p . s . ) . 
1-4. 

The coup l ing constant 2*8 c .p . s. undoubtedly ar i ses f r o m 1 il^. coupl ing and 

the two sets o f double ts a r i s e f r o m 2:4 a n <3- 3-h F:F coup l ing . I t i s not 

p o s s i b l e to say which f l u o r i n e causes which coup l ing . 

The CF^ peak i n h i g h r e s o l u t i o n i s qu i te complex however, i t can be 

shown t o f i t the scheme caused by over lapp ing o f a doublet (J=5 c .p . s . ) 

o f doublets (J=5 c . p . s . ) o f t r i p l e t s ( J , =2*8 c . p . s . ) . The two doublet 
1 "it-

s p l i t t i n g s ( J ^ 2 ^1-3^ ^ a v e coupl ing constants o f 5 c . p . s . However, 

these coupl ings may w e l l have opposi te signs (and hence d i f f e r by 10 c p . s. ) 

t h u s , be ing comparible i n s ize w i t h t h e d i f f e r e n c e (12*7 c . p . s . ) i n t h e i r 

values found on examining the CF^ peak. 

, Product 1 f r o m t h i s r e a c t i o n was taken t o be 1- iodoheptafluorobutene-1 , 

f r o m the i n t e n s i t y o f i t s C=C absorp t ion i n t h e i n f r a r ed spectrum. 

Product 2 i s another o l e f i n and i s l i k e l y to be a geometric isomer o f e i t h e r 

product 1 or 3* 

Product 1 a r i s e s f r o m d i r e c t l o s s o f the elements o f hydrogen f l u o r i d e 

f r o m CJ? *CF *CHFI. The r e a c t i o n mix tu re then contained F~ which could 

CF F 

F GF_I 
(2 ) 

T5 2 



- 9 2 -

a t t a o k the t e r m i n a l carbon atom g i v i n g the anion CP,•C3? • C I U C I ' 0 I . 
5 2 2 

It- 3 2 1 

Loss o f F f r o m carbon atom 3 r e s u l t s i n i s o m e r i s a t i o n t o 1 - iodohep ta f luo ro -

butene-2. 

Dehydrohalogenation a t 200° o f C ^ ' C H F - C S g l , C ^ ' C H P - C F g l , 

C ^ I " ^ •CBP'CEgl, and C-F^ 'CHF-GB^I , gave the o l e f i n s p e r f luorobutene-1 

(52%), -pentene-1 (737°), -heptene-1 (957°) > and ~nonene-1 (55%). Reduction 

o f l o s s e s , inhe ren t i n h a n d l i n g v o l a t i l e m a t e r i a l s , r e s u l t e d i n higher 

o l e f i n y i e l d s as the o l e f i n s increased i n molecular we igh t . This reached 

a maximum f o r pe r f luorohep tene . The higher b o i l i n g o l e f i n s (CJ?. f i> 123°) 
9 1 o 

tended t o condense around the top o f the r e a c t i o n vesse l and were not 

e a s i l y removed. High m a t e r i a l l o s s occurred on separat ing low b o i l i n g 

m a t e r i a l s ( b . p . ^ c a . 7 0 ° ) by g .1.c . because these compounds tended to f o r m 

ae roso l s . Th i s a l lowed them t o blow through the t r aps on the c a r r i e r gas. 

Th i s e f f e c t could be reduced by f i l l i n g the t raps w i t h glass wool and 

vacuum t r a n s f e r r i n g the m a t e r i a l out o f the t r a p . 

On working-up the products obtained by dehydrohalogenating m a t e r i a l 

f r o m t h e r e a c t i o n o f p e r f l u o r o p r o p y l iod ide w i t h t r i f l u o r o e t h y l e n e , an 

unknown compound was i s o l a t e d . Mass spectroscopy showed t h a t t h i s had the 

molecular f o rmu la C - ^ ^ ^ s i n ^ r a r e ( ^ spectrum showed two C=C absorpt ions 

a t 5*63|J- and 5'88|i. This compound was poss ib ly the 1,3-heptadiene, 

G^?^,G1?=G'W,C'B=GT?2, a r i s i n g f r o m dehydrohalogenation o f the 1:2 adduct , 

G-^^G^S^)^., present as i m p u r i t y . 

I n an a t tempt to show t h a t t h i s could p rov ide a general r o u t e to 

p e r f l u o r o d i e n e s , a d e t a i l e d examination was made o f the products o f 
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C 2 F 5 ( C 2 H P 3 ) 2 I -

On dehydrohalogenating the t o t a l mixture o f C 0 F C ( C _ H F , ) 0 I , w i t h 
2 ? 2 3 2 

potassium hydroxide a t 2 0 0 ° , the major product (c&. 30> o f the t o t a l r e a c t i o n 

m i x t u r e ) was a compound w i t h the molecular formula C/F.n ( f r o m accurate 
0 1 u 

mass spectroraetr ic measurements), and i t s i n f r a r e d spectrum showed two 

absorp t ions , o f almost equal i n t e n s i t y , at 5*55u and 5*80u. I t was 

considered t h a t t h i s was most l i k e l y t o be per f luoro -1 ,3 -hexadiene but an 

assignment could mot be made s o l e l y f r o m the i n f r a r ed spectrum. 

The second product i s o l a t e d (ca.5% o f the t o t a l r e a c t i o n mix tu re ) had 

the molecular fo rmu la C^HF^ ( f r o m accurate mass spectrometr ic measurements) 

and had a s t rong i n f r a r e d abso rp t ion a t 5*56(J-. Th is must be i ( JI-undecafluoro-

hexene-1, CgF^'CHF'CFg'CF^Fg, formed by e l i m i n a t i o n o f HI f r o m 

C 2 F 5 *CHE"CF 2 'CHF»CF 2 I . F u r t h e r l o s s o f HF f rom t h i s molecule w i l l g ive the 

1,3- or the 1 ,L -d iene . There were a l so a number o f u n i d e n t i f i e d compounds 

produced i n v e r y smal l y i e l d s . 

A sample o f t h e undecafluorohexene wqs dehydrohalogenated to g ive the 

same diene as above, suggesting t h a t t h i s was an in termedia te i n the r e a c t i o n 

sequence l e a d i n g t o t h e diene. I t a l so gave another product w i t h the 

fo rmu la C ^ F ^ . T h i s d i d not absorb i n the r e g i o n 5*5-6*Ou but had a ve ry 
A 

s t rong abso rp t ion a t ft.i9.5f-1-* A l l e n e , C,H, , absorbs a t 24.»87|-i, 1,1 - d i f l u o r o -

a l l e n e ^ a t '̂951-t* t e t r a f l u o r o a l l e n e ^ " a t L"87(-t, and p e r f l u o r o - 2 , 3 - p e n t a d i e n I ^ 

a t k*9kii» I t seems reasonable t o assume tha t t h i s product i s an a l l e n e , but 

i t was not p o s s i b l e t o d i s t i n g u i s h between the 1 ,2- and the 2 ,3 -d iene . 

The extremely t ed ious t a sk o f separat ing the f o u r r e so lvab le f r a c t i o n s 

http://ft.i9.5f-1-*
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o f C g F ^ C ^ H F ^ g l w a s accomplished by repeatedly en r i ch ing samples o f each 

f r a c t i o n by p r e p a r a t i v e - g . l . c . Even tua l ly samples o f three o f the f r a c t i o n s , 

c o n s i s t i n g o f s ing le components on g . l . c . , were obta ined i n s u f f i c i e n t 

q u a n t i t i e s t o ca r ry out t h e n . m . r . analyses which have been discussed i n 

d e t a i l . 

Dehydrohalogenating produc t ( c ) , a t 200° gave f o u r p roduc ts , a l l w i t h 

the same molecular fo rmula C g F ^ . The f i r s t product was i d e n t i c a l w i t h the 

f i r s t hexadiene ob ta ined . Two other products were a l so hexadienes, w i t h 

i n f r a r e d absorpt ions a t 5*5% ( s t r ong ) and 5*80^ (weak) , and 5*55\i ( s t r o n g ) 

and 5*l^\i. (weak), r e s p e c t i v e l y . The f o u r t h product was i d e n t i c a l w i t h the 

compound p o s t u l a t e d t o be an a l l e n e . 

p r o d u c t s , t h e hexadiene f i r s t i s o l a t e d , 4H-undecafluorohexene CgF^'CHF'CFg'CI' 

CF,-,, and a f o u r t h pe r f luorohexad iene . 

Dehydrohalogenation, w i t h potassium hydroxide , o f 2H,411-1 - iodoundeca-

f luorohexane r e s u l t s i n i n i t i a l l o s s o f HI. Loss o f HE1 can then g ive the 

1,3- and/or the 1,4-hexadiene. A t t h i s stage the r e a c t i o n mix ture conta ins 

f l u o r i d e i o n , F°~. Th i s can ca ta lyse the conversion o f these hexadienes i n t o 

75 

o ther i somer ic fo rms , i n c l u d i n g the a l l e n e . M i l l e r and h i s co-workers 

have used F ~ c a t a l y s i s t o c a r r y out s i m i l a r i somer i sa t ions . 

Dehydrohalogenating product ( d ) , C 2F^C:m?*CF 2*CHF*CF 2I, gave three 

CsF 
CF_=CF'CF *CF=CF 

80 
CF 'C^C'CF *CF 

+ 

CF_'CF •CF=C=CF*CF 3 
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Dehydrohalogenating the product (e ) gave t en products i n s i m i l a r 

y i e l d s . The g . l . c . t r ace showed t h a t these cons is ted o f f i v e compounds 

w i t h s i m i l a r low r e t e n t i o n t imes and f i v e w i t h s i m i l a r h igh r e t e n t i o n t imes . 

I t was pos s ib l e to a f f e c t a p a r t i a l separat ion o f these two sets o f products 

hy a l l o w i n g the low b o i l i n g products t o evaporate a t room temperature , and 

1 a t . , and recondensing them i n a f l a s k cooled i n s o l i d carbon d i o x i d e . 

J i v e samples o f these products were i s o l a t e d by p r e p a r a t i v e - g . l . c . High 

r e s o l u t i o n mass spectroscopy showed t h a t they a l l had the molecular formula 

CgF^I j corresponding t o the e l i m i n a t i o n o f two molecules o f HP. The 

i n f r a r e d spectrum o f f o u r o f these compounds showed t h a t each contained two 

peaks i n the r e g i o n associa ted w i t h C=C. I t seems probable t h a t the t en 

products f o r m a se r ies o f isomers o f the poss ib l e 1- iodononafluorohexadienes. 



E X P E R I M E N T A L 
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AEPARATUS 

GAS LIQUID C HRQMATOSRAFHY 

Th i s technique has "been used ex t ens ive ly on "both a n a l y t i c a l and 

p r e p a r a t i v e scaleo The a n a l y t i c a l columns a v a i l a b l e were: 

Column A : 2 * 2 I U i 6 mm. diameter s ta in less s t e e l t ube , packed 

w i t h d i d e c y l p h t h a l a t e on f i r e b r i c k (20% w/w^ temperature 

range - 1 0 ° t o 1 6 5 ° . 

Column 0 : 2 * 2 m. x 6 mm. diameter s t a in less s t e e l t ube , packed 

w i t h s i l i c o n e grease on f i r e b r i c k ( 2 0 $ w / w ) , temperature 

range - 5 0 ° t o 2 5 0 ° . 

Column L : )± m. x 6 mm. diameter s t a in l e s s s t e e l t ube , packed w i t h 

acetonylacetone on f i r e b r i c k ( 2 0 ^ w / w ) , 0 ° . 

Using hydrogen as c a r r i e r gas, the f l o w r a t e s were 5 0 c. c . / m i n . f o r 

columns A and L ,and 1 6 0 c. c . / m i n . f o r column 0 . 

The p r e p a r a t i v e columns a v a i l a b l e were: 

Column 0 : 6 * 5 m. x 1 2 mm. diameter copper t u b e , packed w i t h s i l i c o n e 

elastomer on C e l i t e (20% w /w) , temperature range 5 0 ° t o 2 5 0 ° . 

Column D: 6 * 5 m. x 1 2 mm. diameter copper tube , packed w i t h 

d i nony l ph t ha l a t e on C e l i t e (j>0% w / w ) , temperature range 

2 0 ° t o 1 0 0 ° . 

Column E: 5 nu x 7 5 mm. diameter copper tube , packed w i t h 

d i nony l ph t ha l a t e on C e l i t e (30% w / w ) , temperature range 

2 0 ° t o 1 0 0 ° . 
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Using n i t r o g e n as c a r r i e r gas, the f l o w r a t e s were 2 0 0 c . c . / m i n . f o r 

columns 0 and D, and 8 0 0 c . c . / m i n . f o r column E. I n a l l cases a katherometer 

de tec tor was used, and products were trapped f r o m the gas stream i n glass 

t raps cooled i n l i q u i d a i r . I t was sometimes necessary t o pack the t raps 

w i t h g lass .wool t o f a c i l i t a t e t r a p p i n g . The products were recovered by 

vacuum t r a n s f e r . 

SPECTRA 

Mass spectra were measured on an A . E . I . MS9, double focuss ing mass 

1 19 

spectrometer. Nuclear magnetic resonance spectra o f H and F n u c l e i were 

measured on an A . E . I . ES2 and/or a Per k i n Elmer R10 n . m . r . spectrometer. 

Chemical s h i f t s are recorded i n p a r t s per m i l l i o n as being d o w n f i e l d , 

or + , u p f i e l d o f the r e fe rence peak. 

I n f r a r e d spectra were recorded on a G-rubb Parsons spectrumaster and/or 

a P e r k i n Elmer 1 3 7 sodium c h l o r i d e ( i n f r a c o r d ) spectrophotometer. 

AUTOCLAVES 

High pressure r e a c t i o n s were c a r r i e d out i n c y l i n d r i c a l , s t a i n l e s s 

s t e e l autoclaves o f 5 0 0 c . c . or 7 0 0 c . c . capac i ty . V o l a t i l e ma te r i a l s were 

in t roduced i n t o the autoclaves by vacuum t r a n s f e r . Mix ing was achieved by 

r o t a t i n g the autoclaves a t 1+5° t o the v e r t i c a l i n s i d e an e l e c t r i c a l heater , 

and was a ided by i n c l u d i n g a shor t l eng th o f s t a i n l e s s s t e e l r o d i n s i d e the 

au toc lave . 
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PREPARATION Off PERELUOROALKYL IODIDES 

IODINE PEICTAELUPRIDE 

C h l o r i n e t r i f l u o r i d e , d i l u t e d w i t h Kg (ca. 1:1 v / v ) was passed through 

i o d i n e ( 5 0 g . ) , primed w i t h i o d i n e p e n t a f l u o r i d e (oa.20 g . ) , u n t i l a wate r -

w h i t e l i q u i d was formed (ca . 8 h r s . ) . The product was t r a n s f e r r e d t o a dry-

f l a s k (100 c . c . ) and c r y s t a l l i n e i o d i n e (ca . 0*5 g . ) added u n t i l the s o l u t i o n 

was brown. D i s t i l l a t i o n gave i o d i n e p e n t a f l u o r i d e (102 g ; b . p . 9 8 - 1 0 1 ° ; 1 a t . ) . 

TETRAELU0R0ETHYLEMS 

P o l y t e t r a f l u o r o e t h y l e n e ch ips ( 1 4 5 g«) were py ro lysed i n a s t a in l e s s 

s t e e l tube ( 5 8 0 - 6 5 0 ° ; 5 mm.Hg. ) . The v o l a t i l e products (12^0 g . ) were 

condensed i n a glass t r a p cooled i n l i q u i d a i r , and f r a c t i o n a l l y d i s t i l l e d 

(Column 1 ; vacuum jacke ted ; 5 0 cm. x 2 cm. diameter; glass h e l i c e s ; 1 a t . ) 

t o g i v e : 

1 . Tet raf luoromethane (1 g$ b . p . - 1 2 8 ° ) . 

2 . T e t r a f l u o r o e t h y l e n e ( 1 3 0 g ; b . p . - 7 6 ° ) , w i t h co r rec t i n f r a r e d 

spectrum. 

3 . A r e s i d u a l mixture ( 5 g o ) o f t e t r a f l u o r o e t h y l e n e , hexaf luoropropene, 

and o c t a f l u o r o c y c l o b u t a n e , examined by g o l . c . (Column L ) . 

PENTAFLU0R0ETHYL IODIDE 

I o d i n e (102 g . ) i o d i n e p e n t a f l u o r i d e ( y h g . ) , and t e t r a f l u o r o e t h y l e n e 

(100 g. ) were sealed i n an au toc lave ( 5 0 0 c . C o ) . The au toc lave , a f t e r warming 

s l o w l y t o room temperature, was heated to 100° f o r 1; + hours. A f t e r c o o l i n g , 

the gaseous products ( 1 9 4 g*) were condensed and f r a c t i o n a l l y d i s t i l l e d 

(Column 1 ; 1 a t . ) t o g ive : 
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1. T e t r a f l u o r o e t h y l e n e (25 g . ) . 

2. Pen ta f luo ro e t h y l i o d i d e ( 1 6 6 g ; b . p . 1 3 ° ) , bo th 

w i t h c o r r e c t i n f r a r ed spectra . 

1,2-DI-IODOTBTRAELUOROETHAEB 

I o d i n e (270 g . ) and t e t r a f l u o r o e t h y l e n e (100 g . ) were sealed i n an 

autoc lave (500 c . c . ) which was then heated f o r 1;+ hours a t 200° . The 

v o l a t i l e product (10 g ; b . p . <^20°) had the same g . l . c . r e t e n t i o n t ime 

(Column L ) as t e t r a f l u o r o e t h y l e n e . G-. l .c . ana lys i s (Column 0; 7 5 ° ) o f the 

l i q u i d res idue ( 2 4 O g . ) i n d i c a t e d a mix ture o f 1 , 2 - d i - i o d o t e t r a f l u o r o e t h a n e 

(ca . 95$) and 1 , ^ - d i - i o d o - o o t a f l u o r o b u t a n e (ca . 5$)« I o d i n e (105 g o ) was 

recovered . P repara t ive g . l o c . (Column 0; 120°) gave pure samples o f 

1 , 2 - d i - i o d o t e t r a f l u o r o e t h a n e and 1 , 4 - d i - i o d o - o c t a f l u o r o b u t a n e , both w i t h 

co r r ec t i n f r a r ed spec t ra . 

1 ,k-DI-I0D0-0CTA?LU0R0BUTAHE 

Experiment 1. 

1 » 2 - D i - i o d o t e t r a f l u o r o e t h a n e (300 g . ) was sealed i n an autoclave (500 0 . c. ) 

and heated f o r 1^ h r s . a t 2^0° . The v o l a t i l e product (12 g ; b . p » ^ 2 0 ° ) was 

shown by g . l . c . (Column L ) t o cons is t o f t e t r a f l u o r o e t h y l e n e and p e n t a f l u o r o -

e t h y l i o d i d e . The l i q u i d res idue (160 g o ) was f r a c t i o n a l l y d i s t i l l e d (30 cm.-

x 2 cm. diameter ; D ixon gauzes; 1 a t . ) t o g ive : 

1. 1 , 2 - d i - i o d o t e t r a f l u o r o e t h a n e (101 g . ) 

2. 1 ,2^-di - iodo-octaf luorobutane (53 g » ) 

3» A res idue c o n s i s t i n g main ly of . 1 ,6-di- iodododecafluorohexane ( 6 g . ) 

Iod ine (80 g . ) was recovered f r o m the autoclave . 
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Experiment 2 . 

1 > 2 - d i - i o d o t e t r a f l u o r o e t h a n e ( 1 6 0 g . ) was heated i n a sealed autoclave 

( 5 0 0 c . c . ) f o r 1 h r . a t > 3 0 0 ° . The products cons is ted o f : (a ) A v o l a t i l e 

f r a c t i o n ( 5 g ; b . p « < 2 0 ° ) shown by g . l . e. (Column L ) t o c o n t a i n two components 

hav ing the same r e t e n t i o n t imes as t e t r a f l u o r o e t h y l e n e and p e n t a f l u o r o e t h y l 

i o d i d e ( t r a c e ) , (b ) a l i q u i d r e s idue (88 g . ) which was f r a c t i o n a l l y d i s t i l l e d 

( v i g r e u x column; 3 0 cm. x 2 cm. diameter ; 1 a t . ) t o g ive : 

1 . P e n t a f l u o r o e t h y l i o d i d e ( 5 3 g»)« 

2 . 1 - iodononaf luorobutane ( 1 6 g . ) . 

3 . 1 - i o d o t r i d e c a f l u o r o h e x a n e ( 3 g»)« 

4 * 1 , 2 - d i - i o d o t e t r a f l u o r o e t h a n e ( 7 g. ) • 

5 . A res idue ( 7 g . ) c o n s i s t i n g mainly o f 1 ,2 , , -d i - iodo-oc ta f luorobu tane . 

A l l p roducts had c o r r e c t i n f r a r e d spectra, ( c ) A l a r g e amount o f 

i o d i n e and c a r b o n i z a t i o n p roduc t s . 

1-IODOHEPTAFLUOROPROPANE 

T r i f l u o r o m e t h y l i o d i d e (280 g . ) and t e t r a f l u o r o e t h y l e n e (11,.0 g . added 

i n 3 5 g» q u a n t i t i e s ) were sealed i n an autoclave ( 7 0 0 c . c . ) . A f t e r each 

a d d i t i o n o f t e t r a f l u o r o e t h y l e n e , the autoclave was heated t o 220° f o r 8 hours . 

The v o l a t i l e product ( 3 3 1 g . ) was condensed i n a glass t rap cooled i n l i q u i d 

a i r , and f r a c t i o n a l l y d i s t i l l e d ( 3 0 cm. x 2 cm. diameter column; glass 

h e l i c e s ; 1 a t . ) g i v i n g f r a c t i o n s cons i s t i ng mainly o f : 

1 c T r i f l u o r o m e t h y l i o d i d e ( 2 6 5 g . ) . 

2 . 1 - Iodoheptaf luoropropane ( 1 9 g . ) • 

3 . 1 - Iodoundecaf luoropentane ( 1 3 g»)« 

!).. A r e s idue o f 1- iodopentadeoafluoroheptane ( 4 g . ) . 
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Each f r a c t i o n was p u r i f i e d by g . l . c . (Column E j 5 0 ° ) and the p u r i f i e d 

products i d e n t i f i e d by t h e i r i n f r a r e d and/or mass spectra. 

The au toc lave contained a s o l i d , whi te res idue ( 5 5 g») which tu rned 

p i n k i n s u n l i g h t . 

The l a r g e discrepancy i n the m a t e r i a l balance was due t o l o s s o f 

t e t r a f l u o r o e t h y l e n e i n the working-up procedure. 

1 -IODONOMPLUOROBUTAKE 

Experiment 1 . 

P e n t a f l u o r o e t h y l i o d i d e ( 2 1 * 6 g . ) and t e t r a f l u o r o e t h y l e n e ( 1 » 2 g . ) were 

sealed i n a t h i n w a l l e d ( 1 mm.) Pyrex tube ( 5 0 c. c . ) . The gas phase was 

sh ie lded by aluminium f o i l and the l i q u i d phase was i r r a d i a t e d by u l t r a - v i o l e t 

l i g h t (Hanovia lamp a t 1 5 cm.) f o r 3 hours w i t h the tube r o t a t i n g i n a 

v e r t i c a l p o s i t i o n . 

The v o l a t i l e m a t e r i a l ( 2 2 » 2 g . ) was removed by vacuum t r a n s f e r l e a v i n g 

some s o l i d and h i g h - b a i l i n g m a t e r i a l ( 0 * 6 g » ) . 

The v o l a t i l e m a t e r i a l was f r a c t i o n a l l y d i s t i l l e d ( v i g r e u x column 3 0 cm. 

x 2 cm. diameter ; 1 a t . ) t o g ive p e n t a f l u o r o e t h y l i od ide ( 2 0 * 1 g . ) and a 

res idue ( 2 * 1 g . ) . Th i s res idue was separated by p repa ra t ive g o l . o . (Column 0 , 

5 0 ° ) t o g i v e : 

1 . P e n t a f l u o r o e t h y l i o d i d e ( 1 * 1 g . ) . 

2o 1 - Iodononaf luorobutane ( 0 » 8 g . ) . 

3 * 1 - Iodo t r i deca f l uo rohexane ( 0 * 2 g. ) . 

The products were i d e n t i f i e d by t h e i r i n f r a r e d and mass spectra . 

Experiment 2o 

P e n t a f l u o r o e t h y l i o d i d e ( 1 1 5 g» ) and t e t r a f l u o r o e t h y l e n e ( 1 9 g») were 

sealed i n an autoclave ( 5 0 0 c . c . ) which was then heated f o r I f i hours a t 
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2 6 0 . Ven t ing the autoclave gave v o l a t i l e m a t e r i a l (130 g») l e a v i n g no 

r e s idue i n t h e au toc lave . F r a c t i o n a l d i s t i l l a t i o n (v ig reux column; 3 0 cm. 

x 2 cm« diameter ; 1 a t . ) o f t h e condensed product gave a mix ture (120 g . ) 

o f two components, having g . l . c . (Column L) r e t e n t i o n t imes i d e n t i c a l t o 

t e t r a f l u o r o e t h y l e n e and p e n t a f l u o r o e t h y l i o d i d e (major component), l e a v i n g 

a r e s idue o f 1- iodononafluorobutane ( 7 * 5 g«)• 

Experiment 3 « 

I o d i n e ( 8 4 . g o ) , i o d i n e p e n t a f l u o r i d e (lf.0 g . ) , antimony p e n t a f l u o r i d e 

( 0 * 6 g . ) and t e t r a f l u o r o e t h y l e n e (120 g . ) were sealed i n an autoclave 

( 5 0 0 c. c. ) which was then heated f o r 3 9 hours a t 1 5 0 ° . The v o l a t i l e products 

( 9 6 g « ) were shown by g . l . c . (Column L ) to have t h e same r e t e n t i o n times as 

p e n t a f l u o r o e t h y l i o d i d e and t e t r a f l u o r o e t h y l e n e ( t r a c e ) . The l i q u i d res idue 

( 3 8 g . ) , a f t e r washing ( i . H o 0 , i i . Na o S o 0 K aq . ) , and drying(MgSO ) , was 
d d d y ly. 

f r a c t i o n a l l y d i s t i l l e d ( 2 0 cm. x 1 cm. column; Dixon gauzes) t o g i v e : 

1 . P e n t a f l u o r o e t h y l i o d i d e (10 g o ) . 

2 . 1-Iodononafluorobutane (28 g . ) . 

Experiment 

1- ,4 , -Di - iodo-oc ta f luorobutane (210 g . ) and i o d i n e p e n t a f l u o r i d e (55 g«) 

were sealed i n an autoclave ( 5 0 0 c. c . ) f o r 5 hours a t 2 ^ 0 ° . The v o l a t i l e 

products ( 4 g ; b . p . < 2 0 ° ) were shown by g . l . c . (Column L ) t o have the same 

r e t e n t i o n t imes as t e t r a f l u o r o e t h y l e n e , p e n t a f l u o r o e t h y l i o d i d e and 

1 - iodononaf luorobu tane . The l i q u i d res idue ( 1 2 7 g«)» a f t e r washing 

( i . H 2 0 , i i . N 2 S 2 0 ^ a q . ) , and d r y i n g (MgSO^), was f r a c t i o n a l l y d i s t i l l e d 

( 3 0 cm. x 2 cm. diameter v i g r e u x column; 1 a t . ) t o g i v e : 
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1. P e n t a f l u o r o e t h y l i o d i d e (2 g . ) . 

2. 1- iodononafluorobutane (33 g«)« 

3. 1 - iodo t r idecaf luorohexane (3 g. ) • 

^ . A r e s i d u a l m ix tu r e (98 g . ) c o n t a i n i n g mainly 

1 , ^ - d i - i o d o - o c t a f l u o r o b u t a n e . 

The p e n t a f l u o r o e t h y l i o d i d e and 1 - iodot r idecaf luorohexane were 

obta ined f r o m 1 » 2 - d i - i o d o t e t r a f l u o r o e t h a n e and 1,6-di-iodododecahexane 

i m p u r i t i e s i n t h e s t a r t i n g mate r i a l* 

1-IODOUITOECAFLUOROPMTAHE 

1 - iodoheptaf luoropropane (159 g») and t e t r a f l u o r o e t h y l e n e (9 g») were 

sealed i n an autoclave (500 c . c . ) f o r 16 h r s . a t 220°. Ven t ing the au toc lave 

gave t e t r a f l u o r o e t h y l e n e (1 g . ) . The l i q u i d res idue (152 g. ) was 

f r a c t i o n a l l y d i s t i l l e d ( v i g r e u x column; 30 cm. x 2 cm. diameter ; 1 a t . ) 

t o g ive : 

1. 1-Iodoheptaf luoropropane (118 go) . 

2. 1-Iodoundecafluoropentane (22,. g. ) . 

3* A res idue (10 g») con ta in ing 1-iodopentadecafluoroheptane and 

1-iodononadecafluorononane. 

ADDITIONS OF PERFLU0R0ALKYL IODIDES TO TRIFLU0R0ETHYIENE 

PEMAFLUOROETHYL IODIDE 

P e n t a f l u o r o e t h y l i o d i d e (310 g . ) , t r i f l u o r o e t h y l e n e (15 g « ) , and 

a } a ' - a z o b i s i s o b u t y r o n i t r i l e ( a . d . i . b . ) (0*5 g«)> were sealed i n an 

autoclave (500 c . c . ) which was then heated t o 200° f o r 16 hours . The 

v o l a t i l e product (311 g»» b»P» 20°) was condensed i n a glass t r a p cooled 
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i n l i q u i d a i r , then f r a c t i o n a l l y d i s t i l l e d (Column 1; 1 a t . ) t o g ive : 

1. P e n t a f l u o r o e t h y l i o d i d e (300 g . ) . 

2. A mixture (10 g . ) shown by g . l . c . (Column 0; 50°) to con ta in 

two components. 

The l i q u i d res idue (11L g . ) f r o m the autoclave was f r a c t i o n a l l y d i s t i l l e d 

(30 cm. x 2 cm. diameter ; Dixon gauzes; 1 a t . ) t o g i v e : 

3. A mix ture (11 g . ) o f two components w i t h i d e n t i c a l g . l . c . 

r e t e n t i o n t imes as the components i n f r a c t i o n 2. 

4. A residue (3 g « ) shown by g . l . c . (Column 0; 75°) t o be a 

complex m i x t u r e . 

F r a c t i o n s 2 and 3 were combined and t h e r e s u l t i n g mix tu re separated by 

g . l . c . (Column 0; 50°) t o g ive pure samples o f : 

( a ) 2H-1-Iodo-octaf luorobutane (mass spec. parent;ion "^e 327*9006; 

c a l c u l a t e d f o r C^HEgl 327*8997). The major fragments i n the 

mass spectrum were 328, C, H F Q I ; 239, C,F, I ; 201, C,HP 0 ; 
k o 3 Z). 4 o 

120, C^JF^', 113» C^HF^; 69, CF ? . The 1 H n . m . r . spectrum 

showed a doublet (3=om.h2 c . p . s . ) o f broad l i n e s a t -5*3 p .p .m. 

19 

The P spectrum showed 6 peaks a t -112; -111; -80*8 ( doub le t , 

J=ca. 11 c . p . s . ) ; -2|.0; -37*2; +28'8 p . p . m . , w i t h r e l a t i v e 

i n t e n s i t y r a t i o s o f 1:1:3:1:1:1 r e s p e c t i v e l y . 

(b ) 1H-1- lodo-octaf luorobutane (mass spec, parent i o n 7e 327*9003). 
The major f ragments were 328, C^HF g I ; 2 0 1 , C^HPg; 119» G ^ $ > 

113, C,HF ; 69, CP,. The H n .m. r . spectrum showed a doublei 

( j=oa. l j .8 c . p . s . ) o f double ts ( j=ca .19 c . p . s . ) a t -7*50 p .p .m . 
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19 
The F spectrum showed 5 peaks a t -84 ( doub le t , J=ca.11 c.p<>s.); 

-50; -yt-*8j -36; +2»J(. p .p .m . w i t h r e l a t i v e i n t e n s i t y r a t i o s 

o f 3 : 1 : 1 : 2 : 1 r e s p e c t i v e l y . 

The H speotrum o f the mix ture i n f r a c t i o n 2 showed tha t the two isomers 

were produced i n t h e r a t i o a:b = ^ » 5 : 1 . 

F r a c t i o n ^ was separated by g . l . c . (Column D; 90°) t o g ive f o u r 

components, each w i t h t h e same molecular weight L10, C/-HJ?. . 1 (mass 
0 ^ 1 1 

spect roscopy) . Three o f these components were i d e n t i f i e d as: 

( c ) 2H,2JI-1 -Iodoundeoafluorohexane. The major fragments f r o m the 

mass spectrum were ^10, C g H ^ f ^ I g j 283, CgHgF^j 177» CFgl; 

113> C^HE^; 69» CF^. The H n . m . r . spectrum showed a doublet 
19 

(j=ca..!tA. o . p . s . ) o f broad l i n e s , a t -5*45 p.pom. The F 

spectrum showed 7 peaks a t -110; -79*6 ( doub le t , J=ca.11 C o p . s . ) ; 

-V1*6» -38; -36; +28j +48 p .p«m. w i t h r e l a t i v e i n t e n s i t y r a t i o s 

o f 2 : 3 : 2 : 1 : 1 : 1 : 1 r e s p e c t i v e l y . 

(d ) 2 H - I o d o u n d e c a f l u o r o h e x a n e . The mass spectrum f ragmenta t ion 

p a t t e r n was almost i d e n t i c a l t o t h a t o f ( c ) . The H n . m . r 0 

spectrum showed a doublet (J=ca.k8 c . p . s . ) o f broad l i n e s , a t 

19 

-5*45 p . p . m . The F speotrum showed 7 peaks a t -110*8; -80 

( d o u b l e t , J=ca.11 c o p . s . ) ; -47*4; -38*6; -36; +30; +50 p .p .m. 

w i t h r e l a t i v e i n t e n s i t y r a t i o s o f 2 :3 :1 :2 :1 :1 :1 r e s p e c t i v e l y . 

( e ) 1H,3H-1 -Iodoundeoafluorohexane. The major fragments f r o m the 

mass spectrum were ^10, C g E y P ^ I j 2Ĵ 5» C g H ^ ; 159> CHFI; 
151 > C,HEV; 113» C,HF, ; 69, CF_. The 1 H n .nu r . spectrum showed 3 D 3 If. 3 
a double t (J=ca.2 lit. c . p . s . ) a t -5*70 p .p .m. and a doublet 
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(J=oa.h.7 c « p . s . ) o f doublets ( j = o a . l 8 o . p . s . ) a t - 7 * 6 5 p . p 0 m. 

The P spectrum showed 8 peaks a t - 8 0 » 8 ( t r i p l e t , J=ca.11 c . p « s . ) j 

-50*8; - Z ^ ' 8 ; -UZ-U-i -Jj.0'8; +2 ; +^8 p .p .m. w i t h 

r e l a t i v e i n t e n s i t y r a t i o s o f 3 : 1 : 1 : 1 : 2 : 1 : 1 : 1 r e s p e c t i v e l y . 

A l l chemical s h i f t s were measured w i t h respect t o CglTg and T.M.S. as 

e x t e r n a l r e fe rences . The r e l a t i v e p ropor t ions o f the compounds ( c ) , ( d ) , 

and ( e ) were obta ined by g . l » c . ( G r i f f i n and George gas dens i ty balance; 

Column A ; 100°) t o g ive the f o l l o w i n g r a t i o s : 

c:d:e = "lifc^'S 

1-I0D0HEPTAFLU0R0PR0PANE 

1-Iodoheptafluoropropane ( 2 9 6 g . ) , t r i f l u o r o e t h y l e n e (20 g . ) , and 

a . d . i . b . (2 g . ) , were sealed i n an autoclave. (500 c . c . ) which was then 

heated f o r 22,. hours a t 2 0 0 ° . The v o l a t i l e product ( 3 g » ; b . p . , / 2 0 ° ) was 

shown by g . l . c . (Column L ) t o have the same r e t e n t i o n t ime as t r i f l u o r o e t h y l e n e . 

The l i q u i d res idue ( 3 1 1 g . ) was f r a c t i o n a l l y d i s t i l l e d ( 3 0 cm. x 2 cm. 

d iameter , v i g r e u x column; 1 a t . ) t o g i v e : 

1 . 1-Iodoheptafluoropropane ( 2 4 6 g. ) . 

2 . A f r a c t i o n ( 5 7 6») which was shown by g . l . c . (Column 0 , 5 0 ° ) 

t o con ta in two components. 

3 . A res idue ( 7 g . ) which was shown by g . l . c . to be a complex 

mix tu r e . 

The two components i n f r a c t i o n 2 were separated by g . l . c . (Column 0; 100°) 

t o g i v e pure samples o f : 
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(a) 2H-1-Iododeoafluoropentane (mass spec, parent i o n m / e 3 7 7 * 8 9 8 9 j 

c a l c u l a t e d f o r C^-HF^I 3 7 7 * 8 9 6 5 ) . The major fragments i n the 

mass spectrum were 3 7 8 , C J H F . A I ; 1 2 7 > I j 1 1 9 > C,JF r; 

1 1 3 , C^HB1^; 6 9 > Q$y The H n . m . r . spectrum showed a doublet 

( j = o a . ^ 2 c . p . s . ) cen t red a t - 5 * ^ 6 p.p.ra. 

(b ) 1H -1 - lododeca f luo rop entane (mass spectrum as f o r ( a ) ) . Ihe 

H n « m . r . spectrum showed a doublet (J=oa.2t.8 c . p . s . ) o f doublets 

( j = c a . 1 9 c . p . s . ) a t - 7 * 6 ! , . p .p .m . 

The H spectrum o f f r a c t i o n 2 showed t h a t t h e r a t i o o f a:b = 5 * 5 : 1 . 

Chemical s h i f t s were measured w i t h respect t o a T.M.S. e x t e r n a l r e fe rence . 

F r a c t i o n 3 was separated by g . l . c . (Column Oj 1 2 0 ° ) t o g ive f o u r components, 

each hav ing the same molecular we igh t , ^ 6 0 , C ^ F ^ I (mass spectroscopy). 

1 -IQDOUNDECAFLUOROPENTANB 

1 - Iodoundecaf luorop entane (21^2 g . ) , t r i f l u o r o e t h y l e n e ( 1 5 g»)» and 

a . d . i . b . ( 1 * 5 g»)> were sealed i n an autoclave ( 5 0 0 c . c . ) which was then 

heated f o r 6 7 hours a t 2 1 5 ° « The v o l a t i l e product ( 0 * 5 g . ; b . p . < 2 0 ° ) had 

the same g . l . c . r e t e n t i o n t ime (Column L ) as t r i f l u o r o e t h y l e n e . The l i q u i d 

res idue ( 2 l , . 8 g . ) was f r a c t i o n a l l y d i s t i l l e d (v ig reux column, 3 0 cm. x 2 cm. 

d iamete r j 1 a t . ) t o g i v e : 

1 . 1-Iodoundecafluoropentane ( 1 5 4 g»)* 

2 » A mix tu re ( 5 3 g«) shown by g . l . c . (Column 0 ; 7 5 ° ) t o con ta in two 

components. 

3 . A smal l amount ( c a . 1 0 g . ) o f t a r r y res idue . 

The autoclave a l s o contained a smal l amount o f t a r r y m a t e r i a l . F r a c t i o n 2 
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was separated "by g . l . e . (Column Oj 125°) to g ive : 

( a ) 2H-1 - lodo te t radeoaf luoroheptane (mass spec, parent-'ion m / e 

477*8901; c a l c u l a t e d f o r C ^ ^ I 477*8905). The major fragments 

i n t h e spectrum were 478, C j H F ^ I ; 351, ; 177, CFgl ; 
-i 

119, c

2

5 ' 5 ' ^9 , C i y The H n . m . r . spectrum showed a doublet 

( j = c a » 4 2 c . p . s . ) a t -5*40 p .p .m. 

(*>) 1H-1 - I o d o t e t radecafluoroheptane (mass spectrum as f o r ( a ) ) . 

The H n . m . r . spectrum showed a doublet (J=ca»48 c . p . s . ) o f 

doublets (J=ca.19 o<.p«s.) a t -7*70 p . p . m . 

The H spectrum o f f r a c t i o n 2 showed tha t the r a t i o o f a:b = 5*6:1. A l l 

chemical s h i f t s were measured w i t h respect t o T.M. S. 

1-lODOPENTADECAFLU OROHEPTAME 

1-Iodopentadecafluoroheptane (139 g . ) , t r i f l u o r o e t h y l e n e (9 g . ) , and 

a . d . i . b . (1 g . ) , were sealed i n an autoclave (500 c . c . ) which was then 

heated f o r 11 hours a t 185°. Ven t ing the autoclave gave a v o l a t i l e product 

(2 g . ) having the same r e t e n t i o n t ime (Column L ) as t r i f l u o r o e t h y l e n e . 

The l i q u i d res idue (133 g* ) was f r a c t i o n a l l y d i s t i l l e d (v ig reux column, 

30 cm. x 2 cm. d iameter ; 1 a t . ) t o g i v e : 

1. 1-Iodopentadecaf luoroheptane (110 go) . 

2. A res idue (23 g . ) c o n s i s t i n g mainly (> $0%) o f two components 

which were separated by g . l . c . (Column 0; 150°) t o g ive : 

( a ) 2H-1 - Iodo-octadeoafluorononane. The major fragments i n the 

mass spectrum were 578, GjSB^g.; 451, C^f f l?^ ; 177> C f f g l j 

131, C ^ ; 113, GjtB?^', 69, CF . The 1H n .m . r . spectrum 
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showed a double t ( j=ca .^2 c . p . s . ) a t -5*^5 p . p . m . 

( b ) 1H-1-lodo-oetadeoafluorononane. The major fragments i n t h e mass 

spectrum were 578, C ^ g l ; 269, 219, C ^ J 131, C ^ j 

120, G2W^; 69, C J y The 1 H n . m . r . spectrum showed a doublet 

(j=ca.?j.8 c » p . s . ) o f double ts (J=ca.19 c . p . s o ) a t -7*62 p . p . m . 
1 

The H spectrum o f f r a c t i o n 2 showed t h a t t h e r a t i o o f a:b = 3*7*1. A l l 

chemioal s h i f t s were measured w i t h respect t o T.M.S. 

DEHYDROHALOGENATIOMS 

2H-1 -I0D0-0CTAELU0R0BUTANE 

Experiment 1 , method A . 

2H -1 - Iodo-oc taf luorobutane (60 g . ) , c o n t a i n i n g 1H -1 - iodo-octaf luorobutane 

(15 g»)» was added dropwise onto sodium hydroxide (l^O g . ) , i n a 3 necked 

f l a s k (250 c. c . ) f i t t e d w i t h a mercury seal s t i r r e r , r e f l u x condenser, and 

dropping f u n n e l and then heated t o 9 0 ° . A f t e r r e f l u x i n g f o r 1 hour , the 

r e a c t i o n product was removed by b lowing a stream o f n i t r o g e n through the 

f l a s k , t h e v o l a t i l e m a t e r i a l be ing c o l l e c t e d i n a glass t r a p cooled i n 

l i q u i d a i r . The condensed m a t e r i a l was f r a c t i o n a l l y d i s t i l l e d (30 cm. x 

2 cm. diameter column; glass h e l i c e s ; 1 a t . ) t o g i v e : 

1. 0ctafluorobutene-1 (22,. g . ) , i d e n t i f i e d by i t s i n f r a r e d spectrum. 

2. A res idue (30 g . ) con t a in ing unreacted 1H- and 2H -1 - iodo-octa-

f luorobutane . 

Experiment 2 , method B. 

2H -1 - iodo-ootaf luorobutane (0»6 g . ) , con t a in ing 1H -1 - i odo -oc t a f l uo ro ­

butane (0"06 g . ) , was added dropwise i n t o a stream o f n i t r o g e n , heated t o 
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150 , which was then "bubbled th rough a f l a s k (20 c. o . ) h a l f - f i l l e d w i t h 

molten potassium h y d r o x i d e , a t 190-195°. The v o l a t i l e products (0*2 g . ) 

were condensed i n a glass t r a p cooled i n l i q u i d a i r© The condensed products 

were d r i e d by vacuum t r a n s f e r r i n g f r o m PJ3,., then d i s so lved i n carbon 
^ 5 

t e t r a c h l o r i d e ( 0 2 c . c « ) , and separated by g « l . c . (Column D j 20°) t o g ive : 

1. 0c t a f luo robu tane -1 (mass spec, parent i o n m / e 199*9876, c a l cu l a t ed 

f o r C^Pg 199*9888). The product also had the cor rec t i n f r a r ed 

spectrum. G-. l .c . (Column A ; 20°) showed t h a t t h i s c o n s t i t u t e d 

oa. J5fo o f t h e t o t a l r e a c t i o n product . 

Minute q u a n t i t i e s o f t h r e e o ther products were i s o l a t e d but i n f r a r e d and 

mass spectrometr ic a n a l y s i s showed t h a t they must have come f r o m i m p u r i t i e s . 

1H-1 -IOBO-CCTAffLUOROBUTAKB 

Method B. 

1H-1-Iodo-octaf luorobutane (3*7 g»)> i n a stream o f n i t r o g e n a t 150°, 

was bubbled through mol ten potassium hydroxide (10 c . c . ) a t 195°. The 

v o l a t i l e products (2*3 g . ) were c o l l e c t e d i n a t r a p cooled i n l i q u i d a i r , 

d r i e d over Pg 0 ^* * ^ i e n separated by g . l . c . (Column Dj 20°) t o g i v e : 

1. 1-Iodobutene-1 • (mass spec parent i o n m / e 307*891)4, c a l c u l a t e d 

f o r C . I L I 307*8935)o The major fragments f r o m the mass spectrum 
4 1 

were 308, C ^ I j 182, C^HEy 113, CjHB1 ; 75, 69, C F y 

The i n f r a r e d spectrum showed a s t rong , sharp absorp t ion a t 5*74u» 

c h a r a c t e r i s t i c o f C=C. 

2. i t second product having the same molecular formula as 1 (mass 

spec, parent i o n m / e 307*891(4) and producing s i m i l a r f ragments i n 
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t h e mass spectrum. The i n f r a r ed spectrum showed a weak, broad 

abso rp t ion a t 5'77P-« 

3. t r a n s 1-Iodobutene-2 (mass spec, parent i o n ^e 307*8938). The 

major fragments i n the mass spectrum were 308, C .F - J j 239, 
h i 

C ^ I ; 162, C^Fgj 112, C ^ ; 69, C i y The i n f r a r e d spectrum 
19 

showed no abso rp t ion i n the r e g i o n The P n . m . r . spectrum 

showed If. peaksi i . -77*2 pep<>m. ( i n t e n s i t y 3 ) j i i » a doublet 

( j = c a . 150 c . p . so ) a t -51*5 p .p .m. ( i n t e n s i t y 1); i i i . -1i2,2 p .p .m . 

( i n t e n s i t y 2 ) j i v . a doublet (J=ca.150 c . p . s . ) a t -16»2 p .p .m. 

( i n t e n s i t y 1 ) . Chemical s h i f t s were measured w i t h respect to 

Cg]?g as i n t e r n a l r e f e r ence . 

2H-1 -I0D0DECAFLU0R0PEMTAKE 

Experiment 1, method A . 

2H-1-Iododecafluoropentane (17 g « ) , con ta in ing 1H -1 - iododecaf luoro-

pentane (3 g » ) , was added dropwise onto sodium hydroxide a t 90°, r e f l u x e d 

f o r 1 h r . , then the v o l a t i l e m a t e r i a l c o l l e c t e d i n a t r a p cooled i n l i q u i d 

a i r . The condensed m a t e r i a l was f r a c t i o n a l l y d i s t i l l e d (30 cm. x 2 cm. 

diameter v i g r e u x column; 1 a t . ) t o g ive : 

1« Decafluoropentene-1 (8 g . ) , i d e n t i f i e d by i t s i n f r a r ed spectrum. 

2. A res idue (5 g . ) c o n t a i n i n g 1H- and 2H-1-iododecafluoropentane. 

Experiment 2, method C. 

2H-1-Iododecafluoropentane (17 g « ) , con ta in ing 1H-1- iododecaf luoro­

pentane (3 g . ) » was mixed w i t h a s o l u t i o n o f anhydrous l i t h i u m c h l o r i d e (5 g» 
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i n N , N - a i m e t h y l formamide (20 g . ) , i n a f l a s k (250 c .c ; 3-necked) f i t t e d 
w i t h a mercury seal s t i r r e r , and a r e f l u x condenser.. The f l a s k was heated 
t o 150° f o r 1 hour then t h e v o l a t i l e product was removed a t t h i s temperature. 
The product was condensed i n a glass t r a p cooled i n an acetone-carbon d i o x i d e 
s lush b a t h . F r a c t i o n a l d i s t i l l a t i o n (20 cm. x 2 cm.) diameter; Dixon gauzes; 
1 a t . ) gave: 

1 . Decafluoropentene-1 (6 g . ) . 

2. A res idue (10 g . ) con t a in ing 1H- and 2H-1-iododecaf luoropentane 
i 

and K,W - d i m e t h y l formamide ( t r a c e ) . 

2H-1 -IODOTETRADECAFLUOROHEPTANE 

Method B. 

2H-1-Iodote t radecaf luoroheptane (20 g . )» con t a in ing 1H-1-iodotetradeca~ 

f luorohep tane (3 g . )> i n a stream o f n i t rogen a t 150°> was bubbled through 

molten potassium hydroxide (100 c. c . ) a t 200°. The v o l a t i l e product was 

condensed i n a t r a p cooled i n l i q u i d a i ro The condensed m a t e r i a l was 

f r a c t i o n a l l y d i s t i l l e d (30 cm. x 2 cm. diameter; Dixon gauzes; 1 a t . ) t o 

g i v e : 

1. A f r a c t i o n (1 g . ) c o n t a i n i n g u n i d e n t i f i e d m a t e r i a l . 

2. Tetradecafluoroheptene-1 (1^ go) , i d e n t i f i e d by i t s i n f r a r ed spectrum 

3. A res idue (3 g» ) c o n t a i n i n g 1H- and 2H-1-iodotetradecaf luoroheptane 

and t e t radecaf luorohep tene ( t r a c e ) . 
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2H-1 -lODO-OCIADECAgLUORONOMM! 

Method B. 

2H-1-iodo-octadecafluorononane (35 g«)» con ta in ing 1H-1~iodo-octadeca~ 

f luorononane (10 g . ) , i n a stream o f n i t r o g e n a t 200°, was bubbled through 

mol ten potassium hydroxide (100 c . c . ) a t 200°. The v o l a t i l e product (25 g . ) 

was condensed i n a t r a p cooled i n l i q u i d a L r , then f r a c t i o n a l l y d i s t i l l e d 

(30 cm* x 2 cm. diameter ; Dixon gauzes; 1 a t . ) t o g i v e : 

1. An u n i d e n t i f i e d f r a c t i o n (if. g . ) . 

2. 0ctadecafluorononene-1 (10 g . ) . 

3. A mix tu re (8 g . ) c o n t a i n i n g octadecafluorononene and 1H- and 2H-

1- iodo-octadecafluorononane. 

J,.. A s o l i d res idue (3 g» ) • 

Dehydrohalogenation o f t h e products C^^(G^^i)^L u s ing method B. 

TOTAL PRODUCT C ^ G ^ H ) ^ 

Dihydro-1-iodoundecafluorohexane (1 g . ) was i n j e c t e d i n t o a stream o f 

n i t r o g e n , a t ca. 150°, and then bubbled through molten potassium hydroxide 

(20 c . c . ) a t 200°. The v o l a t i l e products (0*5 g») were c o l l e c t e d i n a t r a p 

cooled i n l i q u i d a i r , d r i e d over P g ^ j ' ^ e n separated by g . l . c . (Column D; 20°) 

t o give pure samples o f : 

1. A decafluorohexadiene (mass spec, parent i o n ^/Q 261 *979ii-; 

c a l c u l a t e d f o r Cg^Q 261 *98l,.0). The major fragments i n the mass 

spectrum were 193, C ^ ; 1 ^ 3 , 0 ^ ; 1 3 1 , 0 ^ ; 93, C J ^ ; 

69, CF_. The i n f r a r e d spectrum showed two s t rong absorpt ions o f 
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almost equal i n t e n s i t y , a t 5*55^ and 5*80|j.. G-. l .c . (Column A ; 20°) 

a n a l y s i s showed t h a t t h i s c o n s t i t u t e d ca.90^o o f the t o t a l products . 

2. ZJfl-Undecafluorohexene (mass spec, parent i o n m / e 281*9890; c a l c u l a t e d 

f o r CgKF^ 281«9902)O The major fragments i n the mass spectrum were 

1 8 1 , C j i y U f 3 , C ^ 5 ; 131 , C ^ ; 125, C HP j 106, c E l y 

93» V-zpy &» VTPy The i n f r a r ed spectrum showed a s t rong abso rp t i on 

a t 5*56{JU G- . l . c . a n a l y s i s (Column A ; 20°) showed t h a t t h i s 

c o n s t i t u t e d o&.5fo o f t h e t o t a l products . 

2HT4H-1 -IODOUlTOECAFLUOROHEXAJttE (product C ) . 

2H,!^H-Iodoundecafluorohexane (1*2 g . ) was i n j e c t e d i n t o a stream o f 

n i t r o g e n , heated t o ca .150°, then bubbled through molten potassium hydroxide 

(20 c . c . ) , a t 210°. The v o l a t i l e products (0*35 g«) were condensed i n a t r a p 

cooled i n l i q u i d a i r , d r i e d over P 2 °5» ^sso^-ved i n carbon t e t r a c h l o r i d e (0*4 c. 

t hen separated by g o l . c . (Column D; 20°) t o g i v e : 

1. A decafluorohexadiene w i t h an i d e n t i c a l i n f r a r e d spectrum to t h a t 

a l ready i s o l a t e d . 

2. A second decafluorohexadiene (mass spec, parent i o n ^/e 261*9835^ 

g i v i n g t h e same major fragments i n the mass spectrum. The i n f r a r e d 

spectrum showed absorp t ions a t 5*59^ ( s t r o n g ) and 5'80|a (weak). 

3. A t h i r d decafluorohexadiene (mass spec, parent i o n m/e 261*9794)» 

g i v i n g t h e same major fragments i n the mass spectrum. The i n f r a r e d 

spectrum showed absorpt ions a t 5*55p- ( s t rong) and 5??6u (weak). 

4. A product hav ing the same molecular we igh t , 262, CgF.^, and g i v i n g 

the same major fragments i n t h e mass spectrum. There was no 
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i n f r a r ed a b s o r p t i o n i n the r e g i o n 5*5 - 6*0\i, but the re was an 

abso rp t i on a t ft:95^ ( v . s t r o n g ) . 

2H,-IODOUTOECAELUORQHBXAlffi (product d ) . 

2H,lfJi-1-Iodoundecafluorohexane (2* 2,. g.) was i n j e c t e d i n t o a stream o f 

n i t r o g e n , a t ca .150°, then bubbled through molten potassium hydroxide (20 c . c . 

a t 190°. The v o l a t i l e products (0»8 g . ) were c o l l e c t e d i n a t r ap cooled i n 

l i q u i d a i r , d r i e d over P 2^5' d i s s o l v e d i n carbon t e t r a c h l o r i d e , then 

separated by g . l . c . (Column D; 20°) t o g ive : 

1. A decafluorohexadiene w i t h an i d e n t i c a l i n f r a r e d spectrum t o the 

f i r s t diene i s o l a t e d . 

2. A f o u r t h decaf luorohexadiene, g i v i n g the same major f ragments , i n 

t h e mass spectrum, as the o ther dienes i s o l a t e d . The i n f r a r e d 

spectrum showed absorp t ions a t 5*55t->- ( s t rong ) and 5*80̂ 1 (weak). 

3. Ui-ITndeoafluorohexene, i d e n t i f i e d by i t s i n f r a r e d spectrum. 

1H, 3H-1 ~I0D0UliDECAFLU0R0HEXAIffi 

1H,3H-1 -Iodoundecafluorohexane (1*1 g . ) was i n j e c t e d i n t o a stream 

o f n i t r o g e n , a t ca.150°, then bubbled through molten potassium hydroxide 

(10 c . c . ) , a t 190°. The v o l a t i l e products (0'h. g . ) were c o l l e c t e d i n a t r a p 

cooled i n l i q u i d a i r , then d r i e d over EV^j* T i i e m o r e v o l a t i l e o f "the 

condensed products were a l l o w e d t o evaporate a t room temperature, and 1 a t . , 

and re-condensed i n a t r a p cooled i n s o l i d carbon d i o x i d e . Th i s f r a c t i o n 

was d i s s o l v e d i n carbon t e t r a c h l o r i d e (0*2 c . c . ) . G-.l .c. a n a l y s i s (Column A , 

100°) showed t h a t each f r a c t i o n consis ted mainly o f 5 compounds. The products 
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i n the carbon t e t r a c h l o r i d e f r a c t i o n were separated by g o l . c . (Column D, 

20° ) as were those i n the l e s s v o l a t i l e f r a c t i o n (Column D, 1 0 0 ° ) . F a i r l y 

pure ( > 90%) samples o f f i v e o f the products were i s o l a t e d . They a l l had 

the same molecular f o r m u l a , CgF^I (niass spectroscopy). The major fragments 

i n the mass spectra o f these compounds were: 

1 . 186, CgF 6 ; 131 , C ^ i y 100, C ^ , 69, C i y I n f r a r e d absorp t ions 

occur red a t 3#58(-i ( s t r o n g ) and 6*13t-i ( s t r o n g ) . 

2. 2 ^ . , CgHF^ 175, C51®6; 1 3 1 , 0 ^ ; 1 1 3 , 0 ^ ; 69, CFy 

I n f r a r e d absorpt ions occurred a t 5*58|i (weak) and 5*76(-i ( s t r o n g ) . 

3 . 2 ^ + , C^W-, 175, CJffiV; 113, CLHF, , 69, Cl\. I n f r a r ed 

absorp t ions occurred a t 5*55^ (weak) and 5*73M- ( s t r o n g ) . 

4 . 370, CgF^I ; 212, C^Fgj 162, C F g J 93, C^F J 69, CFy 

There was no abso rp t i on i n the i n f r a r e d spectrum i n the r e g i o n 

5. 370, C 6 F 9 I j 224, C 6 F g ; 17k, C 5 F 6 ; 122,., C P ; 69, CBy The 

i n f r a r e d spectrum showed several weak absorpt ions i n the range 

5 '80 -6 '00n . 

2J3-Uhdecafluorohexene (0*5 g . ) was added t o a stream o f n i t r o g e n , 

a t ca. 150° then bubbled through molten potassium hydroxide (10 c . c . ) a<6 

2 1 0 ° . The v o l a t i l e p roducts (0*1 go) were c o l l e c t e d i n a t r a p cooled i n 

l i q u i d a i r , d r i e d over PgQ^* ' t n e n separated by g . l . c . (Column D, 2 0 ° ) t o 

g ive pure samples=of: 
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1. The decafluorohexadiene f i r s t i s o l a t e d . 

2 . A compound hav ing an i d e n t i c a l i n f r a r ed spectrumto the 

l f t h product o b t a i n on dehydrohalogenating 2H,yS-1-iodoundeca-

f luorohexane (product c ) . 



A P P E N D I C E S 
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Appendix (a) 

C a l i b r a t i o n o f spectrophotometer ( s ec t ion l ) : 

F igure V I I . M i c r o m o l e s / l i t r e F e r r i c i o n Vs . O p t i c a l dens i ty . 

C a l i b r a t i o n o f mass spectrometer vacuum system ( s e c t i o n l ) ; 

F igure V I I I . I o n c u r r e n t o f C F v s . pressure . 
2 4 

Figure I X . I o n cu r r en t o f C F v s . pressure . 
3 6 

F igure X. I o n c u r r e n t o f C F vs . pressure . 
4 8 

F igure X I . I o n c u r r e n t o f C F v s . pressure 
5 10 
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Figure V I I I 
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Figure X 
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Figure X I 
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Appendix (b) 

Figure X I I . H n . m . r . spectra o f the compounds 
C P - ( C H P ) ' I , where n = 1 and 2 . 

2 5 2 5 n 

Product ( a ) . 2H~l - Iodo-oc ta f luorobu tane . 

(b) . l H - l - I o d o - o c t a f l u o r o b u t a n e . 

( c ) . 2H,4H-l-Iodoundecafluorohexane. 

(d) . 2H, 4H-l-Iodoundecafluorohexane. 

(e) . 1H,3H-l-Iodoundecafluorohexane. 

19 
F igure X I I I . F n . m . r . spectra 6'f' the compounds 

C F»(C HF ) • I , where n = 1 and 2 . 
2 5 2 3 n 

F igure XIV (a) ^?F n . m . r . spectrum of t r a n s - l - i o d o h e p t a f l u o r o -
butene-2. 

(b) The t h e o r e t i c a l spectrum of the CF^ band i n (a) 

( c ) The s i m p l i f i e d h i g h r e s o l u t i o n spectrum o f 
o f the CEj band i n ( a ) . 
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A£g_endjjc ( c ) 

I n f r a red spectra: 

lo 2H-l-Iodo-octafluorobutane. 

2 • lH-l—Iodo-octafluorobutane. 

3 . lH-l-Iododecafluoropentane. 

4 . 2H-l-Iodotetradecafluoroheptane. 

5* 1H-1—Iodotetradecafluoroheptane* 

6 . 2H-l-Iodo-octadecafluorononane. 

7 o lH-l-Iodo-octadecafluorononane. 

8* 2H,4H-l-Iodoundecafluorohexane (product 6*). 

9 . 2H,4H-l-Todoundecafluorohexane (product d). 

10«, lH,3Hi-l-Iodoundecafluorohexane; (product e) . 

H o l~Iodoheptafluorobutene - I 

1 2 . trans - l-Iodoheptafluorobutene - 2 

1 3 • The. geometric isomer of 1 2 or 1 3 . 

1 4 . Decafluorohexadiene (suspected 1 , 3-diene). 

1 5 * The second decafluorohexadiene. 

l6e= The t h i r d decafluorohexadiene. 

1 7 • The fourth decafluorohexadiene. 

18 0 Decafluorohexadiene (suspected allene). 

1 9 » 2(JWJndecafluorohexene-lo 

2 0 , 2 1 , 2 2 , } The series of 1-iodononafluorohexadienes, i n order 
2 3 , 2 4 . ) of g.loC. retention timea. 
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endix (c) 

2.5» Hexafluoropropene ( a f t e r i r r a d i a t i o n ) . 

2 6 » Octafluorobutene ( a f t e r irradiation)„ 

2 7 * Decafluoropentene ( a f t e r i r r a d i a t i o n ) . 

2 8 » Dodecafluoroheptadiene. 

29* 1, 4~Di~iodo-octafluoro'butane. 

3 0 . 1 , 6-Di-iodododeoafluorohexane. 
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