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V 
SUMMARY. 

Mixtures of iodine pentafluoride and io d i n e , and bromine 

t r i f l u o r i d e and bromine have been shown to behave as iodine mono-

f l u o r i d e and bromine monofluoride r e s p e c t i v e l y i n t h e i r reactions w i t h 

f l u o r o - o l e f i n s . Several f l u o r o - o l e f i n s have been used and excellent 

y i e l d s of the corresponding iodo- or bromofluoroalkanes obtained. A 

s i m i l a r r e a c t i o n , using a mixture of bromine and chlorine as a source 

of bromine c h l o r i d e , has also been i n v e s t i g a t e d . Reactions of iodine 

monochloride and iodine monobromide with c h l o r o t r i f l u o r o e t h y l e n e 

previously described i n the l i t e r a t u r e , were r e i n v e s t i g a t e d and 

disclosed a discrepancy w i t h the previous r e p o r t . 

The p y r o l y s i s of pentafluoroiodoethane has been studied, and 

optimum conditions found f o r i t s conversion by t h i s means to p e r f l u o r o -

butane. 

The product from t h i s r e a c t i o n between "iodine monofluoride" 

and hexafluoropropene was shown to be the new compound heptafluoro-

2-iodopropane. Several reactions of t h i s compound were i n v e s t i g a t e d : 

reaction w i t h sulphur; h y d r o l y s i s ; coupling r e a c t i o n ; formation of 

2-heptafluoropropyl zinc iodide and subsequent h y d r o l y s i s ; formation 

of the Grignard reagent and subsequent r e a c t i o n with water, acetone 

and propionaldehyde; and formation of the l i t h i u m reagent and 

subsequent decomposition, attempted h y d r o l y s i s , r e a c t i o n w i t h acetone 

and propionaldehyde. These reactions were s i m i l a r to the corresponding 

reactions of heptafluoro-l-iodopropane. 

The use of lithium-halogen exchange as a source of o l e f i n s from 

polyhaloalkanes has been studied; the procedure being to replace 

chlorine or iodine by l i t h i u m using n-butyl l i t h i u m , and then elimi n a t e 
halide using a halogen on an adjacent carbon atom, thus forming a 
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double bond. Pentafluoroiodoethane, 1,2-diiodotetrafluoroethylene 

and l-chloro-2-iodotetrafluoroethane a l l produced t e t r a f l u o r o e t h y l e n e ; 

heptafluoro-2-iodopropane gave hexafluoropropene; 1 , 1 , 2 - t r i c h l o r o -

t r i f l u o r o e t h a n e gave c h l o r o t r i f l u o r o e t h y l e n e ; 1,4-dichlorododecafluoro-

2, 3-dimethylbutane gave 4-chloroundecafluoro-2, 3-dimethybut-l-ene; 

and dichlorodecafluorocyclohexane gave a mixture of p e r f l u o r o c y c l o -

hexadienes and p e r f l u o r o - and monochloroperfluorocyclohexenes. 

An a n a l y t i c a l procedure f o r determining f l u o r i n e i n v o l a t i l e 

organic compounds has been devised; t h i s involves weighing the sample 

as a gas a f t e r measuring i t i n t o a bulb froma vacuum system, and 

then converting the o r g a n i c a l l y bound f l u o r i n e to f l u o r i d e i o n using 

the biphenyl-sodium-dimethoxyethane complex. 



CHAPTER 1. 

INTRODUCTION. 



INTRODUCTION. 

Preparation of F l u o r o a l k y l Iodides and Bromides. 

Probably the most important method of preparing f l u o r o a l k y l 

iodides and bromides described up to the present time, i s th a t 

i n v o l v i n g the decarboxylation of the s i l v e r s a l t of a f l u o r o c a r b o x y l i c 

acid i n the presence of free halogen. I t i s es s e n t i a l t h a t the reactants 

are extremely dry, and under these conditions i t i s claimed that the 

yi e l d s are almost q u a n t i t a t i v e . The temperature required to allow the 

reaction to proceed at a reasonable r a t e varies depending on the nature 

of the two reactants. S i l v e r monofluoroacetate and bromine react at 

180° to 260° to produce bromofluoromethane ̂ "̂ ^̂  

CĤ FCOOAg + Br^ > CH^FBr + CÔ  + AgBr 

whereas s i l v e r t r i f l u o r o a c e t a t e and bromine react s i m i l a r l y at 50° to 
(26) (2) produce bromotrifluoromethane i n 88^ y i e l d . Hauptschein has 

decarboxylated the s i l v e r s a l t s of t r i f l u o r o a c e t i c , p e n t a f l u o r o p r o p i o n i c , 

heptafluoro-n-butyric and h e x a f l u o r o g l u t a r i c acids i n the presence of 

iodine at 100° f o r s i x hours, and obtained the corresponding fluorocarbon 

iodides, and i n the l a s t case, d i i o d i d e . The same worker -̂̂ ^ reacted 

the f i r s t three of the s i l v e r carboxylates mentioned, w i t h bromine and 

chlo r i n e , and obtained the corresponding fluorocarbon bromides and 

chlorides. 

A more d e t a i l e d study of t h i s type of r e a c t i o n has been made by 
(4) 

Crawford and Simons , who tr e a t e d several s i l v e r perfluorocarboxylates 

w i t h iodine and bromine at room temperature i n fluorocarbon solvents 

and obtained high y i e l d s of the corresponding p e r f l u o r o a l k y l halides. 
They also i s o l a t e d the intermediate complexes of general formula 
(Rf ^^2^2 represents a f l u o r o a l k y l group. 
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A few reactions have been d e s c r i b e d ^ ^ ^ ' w h e r e e i t h e r a 
fl u o r o c a r b o x y l i c acid, acyl halide or anhydride has been heated i n 
the presence of a fre e halogen, producing the corresponding f l u o r o -
a l k y l h a l i d e . The temperature necessary to promote r e a c t i o n i n these 
cases was usually higher than i n those reactions i n v o l v i n g the s i l v e r 
fluorocarboxylates. The y i e l d s * however, were again u s u a l l y quite 
high. 

A second extremely useful method f o r poeparing f l u o r o i o d i d e s and 

bromides of formula RfCH^X ( x - I,Br) involves decomposing t o s y l a t e s 

or other esters of flu o r o a l c o h o l s i n the presence of e i t h e r sodium 
(7) 

bromide or iodide. Tiers f i r s t reported t h i s r e a c t i o n when he 

prepared the t o s y l esters of several f l u o r o a l c o h o l s , and reacted 

them w i t h sodium c h l o r i d e , bromide and iodide i n ethylene g l y c o l at 

150° to 220°. 

Another r e a c t i o n using f l u o r o a l c o h o l s i s tha t i n v o l v i n g halogenation 

of the hydroxyl group using e i t h e r phosphorous tribromide^^^ ' ' 
iodine and red phosphorous^"''"'"^ ' ̂ o r potassium iodide and phosphoric 

(13) 
acid . The same type of f l u o r o a l k y l iodide i s obtained from the 
treatment of diazo compounds of formula RfCH^N^ wi t h iodine or hydrogen 
i„,i,,(l4),(l5). 

The treatment of polyhaloalkanes under c o n t r o l l e d conditions 

with bromine t r i f l u o r i d e or iodine p e n t a f l u o r i d e , has afforded i n some 

cases excellent y i e l d s of f l u o r o a l k y l iodides and bromides^"'"^^. 
(17) 

Banks et a l . ^ ' has reacted l i q u i d bromine t r i f l u o r i d e w i t h carbon 
t e t r a c h l o r i d e or tetrabromide forming mixtures of chlorofluoromethanes 

or bromofluoromethanes, the pro p o r t i o n of which depends on the r e a c t i o n 
conditions. 
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With carbon t e t r a i o d i d e , bromofluoromethanes and carbon t e t r a f l u o r i d e 

are formed. Iodine pentafluoride converts carbon tetrabromide i n t o 

a mixture of bromofluoromethanes, while w i t h carbon t e t r a i o d i d e , 

trifluoroiodomethane i s formed i n good y i e l d . Tetraiodoethylene and 

iodine pentafluoride give pentafluoroiodoethane. 
( l 8 ) 

Haszeldine ' has also f l u o r i n a t e d t e t r a f l u o r o - 1 , 2-diiodoethane 
w i t h iodine pentafluoride to give an excellent y i e l d of pentafluoro-

(19) 

iodoethane. Krespan claims to have prepared t r i f luoroiodomethane 

by the reaction of t r i f l u o r o a c e t y l c h l o r i d e with dry potassium iodide 

i n an autoclave at an elevated temperature. Other methods of pre­

paring fluoroiodoalkanes and fluorobromoalkanes involve the use of the 

fluoro-olef i n s . 

(a) . Addition of interhalogen compounds to f l u o r o - o l e f i n s . 

(b) . Addition of fluoroiodoalkanes to f l u o r o - o l e f i n s . 

(c) . Reactions of f l u o r o - o l e f i n s w i t h iodide and bromide ions. 

These methods w i l l be described i n d e t a i l i n the discussion on the 

reactions of the f l u o r o - o l e f i n s which f o l l o w s . 

Reactions of f l u o r o - o l e f i n s . 

E l e c t r o p h i l i c a d d i t i o n reactions. 

I n these reactions the p o l a r i s a t i o n of the double bond and hence 

the d i r e c t i o n of attack of the e l e c t r o p h i l i c i o n , depends on various 

e l e c t r o n i c e f f e c t s which are possible i n the o l e f i n . The most important 

e f f e c t s are the strong p o s i t i v e inductive e f f e c t caused by the presence 

of f l u o r i n e i n the molecule, the hyperconjugative e f f e c t , 
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of the t r i f l u o r o m e t h y l group, and the mesomeric e f f e c t of a halogen 
^ ̂  F 

which i s bonded w i t h an unsaturated carbon atom = 

F 

Generally, therefore, any o l e f i n containing a difluoromethylene group 

has a p o s i t i v e centre on the carbon atom of t h i s group, as i n 

1, 1 - di f l u o r o e t h y l e n e 
§ 

C » C . 
P 

A difluoromethylene group exerts a stronger mesomeric e f f e c t than 

a fluorochloromethylene or dichloromethylene group, and therefore i n 

c h l o r o t r i f l u o r o e t h y l e n e or 1, 1 - d i c h l o r o d i f l u o r o e t h y l e n e the p o s i t i v e 

centre i s also on the difluoromethylene carbon atom 

F\ /F F\ /CI 
\ - C^ - C^" 

/./8* 8 ^ 8-V 
F Cl F Cl 

Also any o l e f i n containing a t r i f l u o r o m e t h y l group has a negative 

centre on the carbon atom adjacent to t h i s group, as i n 1,1,1 - t r i -

fluoropropene 
8- 8-̂  

CF̂  — <- CH = CĤ  

These mesomeric and hyperconjugative e f f e c t s can work together as i n 

hexafluoropropene 
8- 8 

CF̂  ^ CF - C -/ 
H a s z l e d i n e ^ h a s added hydrogen bromide and hydrogen iodide t o 

vin y l i d e n e f l u o r i d e and l- c h l o r o - 2 , 2-difluoroethylene, when i n both 
§ Ivote rhe usual n o t a t i o n S i s i n t h i s t hesis denoted by 8. 
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cases the halogen atom becomes attached to the p o s i t i v e centre. 
8+ 8-

HX + GF^ - CH^ > CF^X - CH^ (X - Br, l ) 

8* 8-
HX * CF^ - CHCl ^CF^X - CH^Cl 

The same worker has reacted hydrogen bromide w i t h 3»3i5-trifluoro-

propene^^"'"^ and h e x a f l u o r o p r o p e n e ^ u n d e r conditions favouring 

e l e c t r o p h i l i c a d d i t i o n 

8- 8* 
HBr + CF, - CI = CH^ > CF, - CH^ - CH^Br 

D 2 5 2 2 
8- 8* 

HBr + CP^ - CF - CF^ > CF^ - CFH - CF^Br 

(22) 

I t has also been shown that the rate of ad d i t i o n by an e l e c t r o p h i l i c 

mechanism decreases w i t h increase i n the number of f l u o r i n e atoms i n 

the compound: 
CH^ . CH ; CH^ > CF^ • CH • CH^ > CF^ . CF 2 CF^ 

I n c e r t a i n cases there are opposed e l e c t r o n i c e f f e c t s and the d i r e c t i o n 

of a d d i t i o n has had to be s e t t l e d by experiment 

CF^ • CH • CH-C02C2H^+ HBr » CF^ . CHBr ' CĤ * CÔ Ĉ Ĥ  ̂ ^^^ 

CH, .CH = CF^+ HF > CH„ -CH^CF, ^^^^ 

A few reactions between hydrogen bromide and f l u o r o - o l e f i n s i n v o l v i n g 

the use of a ca t a l y s t such as calcixim sulphate or a c t i v a t e d carbon and 

an elevated temperature have been reported. One cannot be sure, however, 

that such reactions proceed s o l e l y by an e l e c t r o p h i l i c mechanism. 

HBr + CF^ 5 CFCl 9 CF^Br • CHCIP ̂^^^ 

HBr + CF̂ CH:CH- > CF-,. CH^.CH3r^ 
3 2 3 2 2 

HBr • CF2: CCl^ > CF2Br • CHCl^ ̂ ^^^ 
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The e l e c t r o p h i l i c a d d i t i o n of iodine monochloride to a f l u o r o -

o l e f i n was f i r s t reported by Barr who bubbled c h l o r o t r i f l u o r o e t h y -

lene i n t o a s o l u t i o n of iodine monochloride i n an i n e r t solvent at 

0^. The product was stated to consist of only one isomer,CF^CI-CFCII, 

which i s i n agreement w i t h the product expected from the p o l a r i s a t i o n 
8* 8— i28^ of the o l e f i n _,_ n-c>ni Haszledine accomplished the same 

add i t i o n without a solvent, by performing the re a c t i o n i n an autoclave 

at 50°; he obtained the same product as before. A l l other additions 

of t h i s type have r e s u l t e d i n an a d d i t i o n which could have been f o r e ­

casted from considering the p o l a r i s a t i o n of the o l e f i n . 

I B r + CP^ : CFCl > CP^Br . CFCII ^^^^ 

I C l + CP^ : CPH > CF^Cl . CPHI ^^^'^^^^^ 

IC l + CF^ : CH^ > CF^Cl ' CH^l ^^^^ 

I C l ^ CF^ : CP^ > CP^I • CP^Cl ̂ '̂̂ ^ 

(31) 
IBr CF^ : CP^ > CP^I * CP^Br ^-^^ 

(32) 
IBr T CF^ : CU^ > CF^Br • CE^I ^-^^ 

1 I 1 ( 20) 

(33) 

101 + CF^'CPtCP-CF^ —* CF2*CPC1-CFI»CP2 

I C l CP,-CP: CP- > CP„'CFI-CF„C1 
3 2 3 2 

(20) The r e a c t i o n of iodine monochloride w i t h decafluorocyclohexene 

however, r e s u l t e d only i n the formation of 1,2-dichlorodecafluoro-

cyclohexane, 
(34) 

Simons and Brice^ ' have added the elements of iodine and f l u o r i n e 

t o t e t r a f l u o r o e t h y l e n e , hexafluoropropene, perfluorobutene, p e r f l u o r o -

cyclobutene, decafluorocyclohexene, perfluoro(methylcyclohexene) and 
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perfluoro(vinylcyclohexane) using a vapour phase r e a c t i o n at 170° 

between the o l e f i n and iodine p e n t a f l u o r i d e . Schmeisser and Scharf^ ' 
have made iodine monofluoride by a low temperature r e a c t i o n between 

iodine and f l u o r i n e , although Xnirie^"^^^ e a r l i e r observed iodine mono-

f l u o r i d e spectroscopically; i t i s possible, t h e r e f o r e , t h a t the 

previous reaction proceeds through an iodine monofluoride intermediate. 

The elements of bromine and chlorine have so f a r not been added t> 

f l u o r o - o l e f i n s , but have, however, been added to hydrocarbon-olefins 
(37) 

by means of a mixture of bromine and c h l o r i n e 

Bromine mpnofluoride has never been i s o l a t e d but the conductometric 

measurements made by Quarterman et a l '̂̂ ^̂  provide evidence f o r i t s 

formation when bromine i s dissolved i n bromine t r i f l u o r i d e . 
(39) 

Self i o n i s a t i o n of interhalogen compounds i s discussed by Clark. 

Hucleophilic additions to f l u o r o - o l e f i n s . 

Nucleophilic additions to f l u o r o - o l e f i n s occur eosily i n those 

containing a difluoromethylene group, when the r e a c t i o n occurs more 

r e a d i l y than e l e c t r o p h i l i c a d d i t i o n . These reactions u s u a l l y proceed 

r e a d i l y at room temperature i n the presence of a l k a l i n e c a t a l y s t s such 

as sodium alkoxides, caustic a l k a l i , potassium cyanide, benzyl t r i m e t h y l 

ammonium hydroxide, borax, and a sodium dispersion i n dimethyl formamide. 

I n every case reported to date i n which o l e f i n s of the type CF^sCX'X 

(X«H,Br,Cl,CF^ and/or F, ) have been t r e a t e d under basic conditions 
with aBines.(40-45) .leohols^^O)(42)(44)(56)^ t h i o l s ( 4 2 ) ( 5 7 ) ^ phenols(52)(48) 

bisulphites^"^*^^ ̂ ^^^ Grignard reagents^^^^, and l i t h i u m compounds^^^^ 

saturated a d d i t i o n products have been reported except i n c e r t a i n cases 

(52,) (57) (59)» when the saturated product was unstable with respect to an 
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o l e f i n and e i t h e r hydrogen f l u o r i d e or l i t h i u m f l u o r i d e . Furthermore, 
2 

the a d d i t i o n products i n v a r i a b l y had the s t r u c t u r e CF̂ R'CX'X E i n 

which the anionic fragment R became attached to the carbon atom bearing 

the two f l u o r i n e atoms. I n a l l these compounds, es p e c i a l l y those 

formed by the a d d i t i o n of amines, the f l u o r i n e atoms on the oc—carbon 

atom w i t h respect to the n u c l e o p h i l i c group are quite l a b i l e and 

hydrolyse e a s i l y ^ ^ ^ ^ ^ ^ ^ ^ T h e mechanism f o r these base catalysed 
(49)(53) 

a d d i t i o n reactions has been postulated by M i l l e r as being: 

CH,0"+ P^ rat e ^ ^ ^C , > CH 0- Ĉ - C / \. c o n t r o l l i n g ^ ^ 

CH,0 C - C •<• CĤ OH f a s t CH,0 C— C - + CĤ O 
3 /- \. 3 > 3 N 3 

I n sharp contrast t o the behaviour of f l u o r o - o l e f i n s containing 

CF^- group described above, those containing CCIF -or CCl^" such as 

CCIF-CC1F^^^\ CCl2= CClF^^-^\ and GCl^-CCICF^^^*^^ are r e l a t i v e l y 

unreactive and do not appear to undergo base catalysed a d d i t i o n s 

leading to saturated products. When they do react they give v i n y l 

ethers. 

Miller^^•''"^^^ has found the same s t r u c t u r a l requirements to be 

necessary f o r the attack on f l u o r o - o l e f i n s by halide ions i . e . attack 

only takes place on the carbon atom bearing the two f l u o r i n e atoms. 

This worker has in v e s t i g a t e d attack by a l l four halide ions and found 

the rate of rea c t i o n t o be P >Cl > I ; the r e a c t i o n proceeds w i t h an 

SN2'̂  mechanism as i l l u s t r a t e d by the f o l l o w i n g example 

J-+ CF^-CF - CF^Cl > I CP^ CF'-i-i CF^Cl" 

'1...CF2 CP CF^Cl " » ICF^ - CF » CF^ Cl " 
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This r e a c t i o n proceeds smoothly using sodium iodide i n acetone as 
the source of halide i o n , the e q u i l i b r i u m i s disturbed owing to the 
greater i n s o l u b i l i t y of sodium chloride i n acetone over t h a t of sodium 
iodide. Other sources of halide ions used were sodium ch l o r i d e , 
l i t h i u m c h l o r i d e , l i t h i u m bromide a l l i n acetone, potassium f l u o r i d e 
i n dimethyl formamide, and tetraethylammonium f l u o r i d e i n chloroform 
or methylene c h l o r i d e . 

A d d i t t i o n of free r a d i c a l s to f l u o r o - o l e f i n s . 

The a d d i t i o n of free r a d i c a l s to f l u o r o - o l e f i n s generally proceeds 

quite smoothly and e a s i l y , the mechanism being as f o l l o w s : -

RX hv -> R- X. I n i t i a t i o n . 

R, 
a 
I C 
I 
b 

c 
I 
C ( d 

R - C - C , 
I I 
b d 

Propogation, 

a c 
I I 

R — 0 - C-«-». RX 
I I 
b d 

R -

R 

a 1 
C 

a 
I 
C 
I b 

c a 
I I 
C- C 
I I d b 

a 
I 

R- C 
I 
b 

c 
I 
C — 
I 
d 

- X + R. Termination. 

-RX 

a 
I 

R f C 

a 
I 

R4- C 
n 

c 
I 
C 
I 
d 

c 
I 
C 
I 
d 

• * Telomerisation 
n 

•X+R- Telomer Termination 
n 

The s t r u c t u r e of the a d d i t i o n product can be predicted i n most 

cases by using an empirical r u l e i n v o l v i n g the Pauling e l e c t r o n e g a t i v i t y 
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and the atomic r e f r a c t i o n of a, b, c and d.^^^^ Piost of the r e s u l t s 

so f a r obtained have been by the addition of halogens, hydrogen 
•w^ • A n -.1 -, . ( 2 2 ) ( 2 8 ) ( 4 6 ) ( 6 6 - 7 6 ) ( l l l ) , where bromide and p o l y f l u o r o a l k y l iodides ' / / v / , 

i n i t a t i o n i s by halogen atoms or f l u o r o a l k y l r a d i c a l s , formed by heat 

or l i g h t . The addition of hydrogen bromide does not r e a d i l y r e s u l t 

i n t elomerisation and forms an addition product which i n some cases 

i s the same as from e l e c t r o p h i l i c addition, and i n others the addition 

i s the opposite way round. 

(32) 

(77) 

(21) 

(22) 

HBr + CH^ : CP^ > CH^Br-CF^H 

HBr + CF^ : CFCl * GP^Br'CFClH 

HBr + GF^, CH : CH^—> CF^GH^CH^-Br 

EBr T GP-'CF : CP^ > CP,-GPH* CF-Br 
3 2 5 <i 

In the case of polyfluoroalkyliodide additions to f l u o r o - o l e f i n s 

telomerisation occurs r e a d i l y ; the value of n can be c o n t r o l l e d by 

varying the proportion of iodide to o l e f i n . The d i r e c t i o n of attack 

by the p o l y f l u o r o a l k y l r a d i c a l i s the same as that of the bromine atom. 

The ease of free r a d i c a l attack to f l u o r o - o l e f i n s has been shown to be 

the following^ 

C T ^ i O E ^ y O F ^ : C F ^ y C F ^ : CHCl > CF^ : CFG1>CP^'CP : GP^ 

>GF^-CP : CF*GF^ >GP2-GF : GF • GF^ >CF2-CF^ • CP : GP-CP^- CF^ 

The formation of more than one isomer froiu t h i s type of addition 

has only been reported i n two cases, both invol v i n g the o l e f i n t r i -

fluoroethylene. H a s z l e d i n e ^ f i r s t reported t h i s from the free r a d i c a l 

addition of hydrogen bromide and trifluoroiodomethane. 
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EBr+ GF^ : CFH—*CF^H- GHFBr 5&/o 

CF-Er - CH.F 4-2̂  2 2 

CF^I+ CP^tCFH >CP^ • CHF-GF^I 80?^ 
CP^- GF^-CHPI 20^ 

M i l l e r ' has obtained s i m i l a r r e s u l t s using d i c h l o r o f l u o r o -

iodomethane, the addition again going both ways. Hauptschein , 

and h i s co-workers have performed re a c t i o n s between hexafluoropropene 

and various iodides by thermal means whereas i n i t i a t i o n by u l t r a v i o l e t 

l i g h t had proved un s u c c e s s f u l . The mechanism proposed for these 

r e a c t i o n s was a novel one i n that i t was thought that a stepwise 

addition of intermediate iodides occurred 

C-P^I+ CF_'CF : CP^ > CP„ • CPI • CP -C^P^ 

CP,«CFI'GF^*C„P„+ GP--CF:CP-—*CP»'CFI-CP^CF" C.P^ 3 2 3 ( 3 2 3 2 4 9 

CF,-CFI-CF-GF* C F • CF,-CF:GF^-^GF„'CFI*GF--CF-GP^-GF - C.P-, 3 2 4 9 3 2 3 2 2 4 9 

Reactions of p e r f l u o r o a l k y l iodides. 

P e r f l u o r o a l k y l iodides are the most r e a c t i v e of the three 

p e r f l u o r o a l k y l h a l i d e s , as shown by the a c t i v a t i o n energies (l,7,2.3, 

and 7.4 kcal./mole. r e s p e c t i v e l y ) required to convert t r i f l u o r o m e t h y l 

iodide, bromide aid chloride into free r a d i c a l s ^ ^ ^ \ The powerful 

ele c t r o n a t t r a c t i o n of the p e r f l u o r o a l k y l group r e s u l t s i n the absence 

of any simple n u c l e o p h i l i c r e a c t i o n s of these iodides, but does 

promote reactions caused by h e t e r o l y t i c f i s s i o n to the negative 

p e r f l u o r o a l k y l and p o s i t i v e iodine ions. The existence of these ions 
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has been shown from exchange of r a d i o a c t i v e iodine i n sodium iodine 
( s i ) 

with iodine i n trifluoroiodomethane i n a l c o h o l i c s o l u t i o n 

CP^I GF^ + I * 

GF " + * l " CP,*I 
3 3 

Reactions involving t h i s type of i o n i s a t i o n include the r e -
( 8 l ) 

placement of iodine i n GF^I by hydrogen using potassium hydroxide 
(82) 

i n acetone. Haszledine reacted heptafluoroiodoproyane with a l c o h o l i c 

potassium hydroxide at 100*^ and obtained IH-heptafluoropropane 70^ 

y i e l d , and also obtained the following IH-fluorocarbons from the 

corresponding iodo compounds by the same procedure 

C^PgH (47/.), C^F^^H (4l/o), C.F^^H ^^^^^ 
G^F^^H (36fo) and CQF^^H ( 2 7 ^ ) . 

Reaction -ypfch sulphur. 

Hauptschein and Grosse^^^^ were the f i r s t to perform t h i s r e a c t i o n , 

when they heated heptafluoro-l-iodopropane(A) and sulphur at 250*̂  f o r 

fourteen hours i n a sealed g l a s s v e s s e l . They obtained a mixture of 

the corresponding mono, di and t r i s u l p h i d e s , the disulphide being the 

main product 

2G^F^I * nS < C^F^"£sj-^ C^F^ + l 2 ( n - 1,2,3^ 

More d r a s t i c conditions i . e . higher temperatures and longer periods, 

r e s u l t e d i n the formation of higher sulphides to the exclusion of the 

monosulphide. Tridecafluoro-2-iodohexane (B) and 1 , 2 - d i c h l o r o t r i f l u o r o -

1-iodoethane^^^^ both reacted i n a s i m i l a r manner at 180*̂  forming a 
(S6) 

s i m i l a r mixture ( n - 2 - 5 ) . Brandt, Emeleus and Haszeldine reacted 
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CP^I and sulphur and at 205° there was TOfo conversion to (^^5)2^2 ' 

t h i s was converted to (CF^)2S by u l t r a v i o l e t i r r a d i a t i o n for t h i r t e e n 

days. Haszeldine and Kidd^^'^^ repeated the former r e a c t i o n at 310^ 

and obtained a 75^ y i e l d of the disulphide. 
(88) 

Haszeldine and Kidd have also reacted trifluoroiodomethane 

and (A) with sulphur i n an autoclave, employing the following 

conditions; 265° for 24 hours, 510° f o r 36 hours or 410° f o r 14 hours, 

the l a t t e r temperature only gave any appreciable y i e l d when the 

disulphide (36^) only was cha r a c t e r i s e d . 

The r e a c t i o n of A and B with mercuric sulphide under u l t r a v i o l e t 

i r r a d i a t i o n has been shown by Hauptschein^^^^ to produce a mixture of 

the disulphide and high polysulphides, thus f a c i l i t a t i n g the i s o l a t i o i 

of a pure sample of the former. 

GP^ 

2C^PgCPICP^2EgS—»(C^PgGPS- )^'^ iig2^2 

^^2^2 ^ ̂ ^^2 * 

Under thermal conditions (235°) the re a c t i o n of B with mercuric 

sulnhide gave what was thought to be a h e t e r o c y c l i c fluorocarbon 

sulphur compound C]_2^24^2 Sood y i e l d , together with a small amouni 

of perfluoro-2-hexyl d i - and polysulphides^^^^. The mechanism 

suggested for t h i s r e a c t i o n i s as follows:-

CF^ 

2G^F^CPICP^2HgS • (C^PgCFS - ) 2 Hg^I^ 
Hg2l2 ^ 2S * 2 
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GF„ GF.. 
(C^FgCFS ) ^ ^ HgS > Ĝ F̂ G - S ^ HgF^ T S 

3 - C - C,F^ I 4 9 
GP^ 

Hg ^ s • HgS 

A d i s u l p h i d e of suspected f o r m u l a X or Y 

CF^-GF - GF^ GF^-GF - CF^ 3 ( I 2 3 , I 2 
S S S 3 
t I I I 
CF - GF -CF, CF^-GF —CF^ 

2 3 :> ^ 

(X) ( y ) 

has bef:n r c p d t by t h e p y r o l y s i s o f C^F^COOKa vr i t h s u l p hur at 300 

(90) 

and also i n improved y i e l d s by t h e r e a c t i o n between hexailuoropropene 
1 ^ ^ ^^^0(91) and s u l p n u r at :;'0C . 

Wurtz - type condensation. 

i^he neatest way of p e r f o r m i n g t h i s type o f r e a c t i o n i s to ex'^ose 

th e i o d i d e t o u l t r a v i o l e t l i g h t i n t h e presence of mercury; 

2 R f I i i i ^ Rf - Rf* Hg I -u.v. 2 

iTie f o l l o w i n g f l u o r o a l k y l i o d i d e s have been cout)led e a s i l y by t h i s 

method g i v i n g almost q u a n t i t a t i v e y i e l d s ; 

GF^CI-GFGII, CF^BrGFClI ̂  , GF^GF^GF^I 

Rf C F ^ G F ( C F ^ ) n I ^ ^ ^ ^ (n = I-4) 

Ef(CH2*0F2)^ I ^ ^ ^ ^ ( n - 1-6) (Rf = C F ^ , CF^CF2GF^,CF2C1GFC1, 

C F ^ G F ( C F 2 C 1 ) , G F ^ G F 2 C F ( C F ^ ) and C^FgCF(GF^) 

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

t o form c o u p l i n g p r o d u c t s . A more c o n v e n t i o n a l way o f accomplishing 
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(93) (94) 
t h i s type of r e a c t i o n has been shown by Henne -^z*^-" ^ ̂  ^ho has 
coupled A and B using zinc and an a c e t i c anhydride-methylene chloride 

(85) 
solvent p a i r , and by Hauptschein who coupled 1,3,4,trichloro-

(73) 

hexafluoro-1 iodobutane using the same reagent. Haszeldine has 

s i m i l a r l y reacted 1 chlorohexafluoro-1 iodopropane with zinc i n 

dioxane at 110° to produce 3,4-dichlorododecafluorohexane. 

Hauptschein^ -̂^ has also attempted the coupling of G^F^ CF2CP(CF^) n l 

s e r i e s (n -1-4) by r e a c t i n g them under the following conditions; 

mercury and heat, concentrated sulphuric acid and heat, heat alone, 

heat i n the presence of excess hexafluoropropene. The y i e l d s of 

coupling products were poor to moderate. 
(95) 

Gertain f l u o r o a l k y l bromides undergo s i m i l a r r e a c t i o n ; Harmon 

observed i n t e r n a l coupling when he treated 1,3-dibromohexafluoropropane 

with zi n c dust to obtain perfluorocyclopropane. Tarrant^^^^ and 

co-workers used zi n c and n-propanol i n the presence of zi n c chloride 

for the following r e a c t i o n . 

(CH^)^ CBr CH^GF^Br ^CF^GH^C (CH^)^ 

Formation of Lithium d e r i v a t i v e s . 

Lithium i s the only element i n Group 1 of the p e r i o d i c table 

which has been shown to form r e l a t i v e l y s t a ble and r e a c t i v e perfluoro-

a l k y l d e r i v a t i v e s . Although p e r f l u o r o a l k y l iodides do not react 
(92) 

d i r e c t l y with lithium^ p e r f l u o r o a l k y l l i t h i u m compounds can be 

prepared by a halogen-metal interchange with an a l k y l - l i t h i u m . 

RLi+ C^F„I ^C„F„Li-r RI 
3 7 ? ( 

(97) 
Trifluoromethyliodide, however, does not undergo t h i s conversion , 
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t r i f l u o r o m e t h y l - l i t h i u m has been reported but without experimental 
< i e t a i l s / 9 8 ) ( 9 9 ) _ 

Reactions of Lithium d e r i v a t i v e s . 

Mcbee and h i s c o - w o r k e r s ^ ^ ̂ "^^^^ have been responsible f o r 

i n v e s t i g a t i n g most of these reactions. 

Syntheses involving p e r f l u o r o a l k y l - l i t h i i m compounds are best 

conducted by adding the a l k y l - l i t h i u m and the other reactant 

simultaneously i n an ether solution of the p e r f l u o r o a l k y l iodide at 

-40° to -50°. Pe r f l u o r o a l k y l l i t h i u m reagents are unstable with 

respect to hexafluoropropene and lithium f l u o r i d e , and undergo d i s ­

placement and addition reactions common to l i t h i u m a l k y l s but u s u a l l y 

i n poorer y i e l d s ; i n some instances the p e r f l u o r o a l k y l l i t h i u m 

reagent causes reduction of ketones to occur^"^^^^. 

A sumjnary of reactions of heptafluoropropyllithium i n v e s t i g a t e d 

by Mcbee^^'^^ ̂'̂ '̂ ^̂ , i s given i n the following t a b l e . 

Reactant. Product ( s ) (̂__ Y i e l d . ) jo Gonversion. 
3K H^^O^ GF^CF^GF^H (99.4) 63.8 

C^H^CHO G„F„CHOHC_H- (94) 50 
2 5 J ( ^ -> 

(CH^)^CO G^F^COH(GH^)^ ( 2 9 ) 

GH^COCH= C(CH^)2 (33) 

C3F6 (3) 

C^F^H (7) 

C.E^CHO C,P„CHOHC.H^ (54•4) 6 5 3 7 D 5 
CH^COCl C3F^C0H(CH3)CH2C0(^P^ ( 6 . 2 ) 5 2 

c^Pg (10) 

GgH^COOC2H5 C^F^GOCgH^ (4.8) 60 

^•f^ (47) 
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Re act ant, Product ( s ) (^ y i e l d ) jc Conversion. 

^ 5 ^ ^ ^ ^ ^ ^ C^P^ (56) 47 

CjF^CHO perfluorobutraldehyde 
polymer 

(CgH^)^ S i C l g (C3F^)2 SiCCjH^)^ (32) 

CjFg (24) 

Under c e r t a i n conditions propionaldehyde, acetone and 

benzaldehyde were converted to aldol type products and hexafluoro-

propene, as w e l l as the alcohol. Ho s i m i l a r case f o r normal a l k y l 

l i thiums has been reported. 

Heptafluoropropane was only formed i n r e a c t i o n s where there was 

eno l i z a b l e or strongly a c i d i c hydrogen atoms. I t i s u n l i k e l y , there­

fore, that hemolytic f i s s i o n of the heptafluoropropyllithiixm occured 

i n any of these r e a c t i o n s , or heptafluoropropane would r e s u l t from 

f r e e r a d i c a l attack on the solvent. 

A s e r i e s reactions involving l i t h i x m exchange at low temperatures 

between n-butyl-lithium and trichlorobromomethane, carbon t e t r a c h l o r i d e , 

trichloroiodomethane, and carbon t e t r a c h l o r i d e a l l r e s u l t e d i n the 

formation of the corresponding t r i h a l o l i t h i u m reagent, which on 

warming was shown to be unstable with respect to dihalocarbene and 

l i t h i u m f l u o r i d e . The dihalocarbenes were then reacted with cyclohexene 

to form various norcarane d e r i v a t i v e s . I t was shown that n-butyl 

l i t h i u m exchanged more e f f i c i e n t l y than methyl lithium^'''^'^^. 
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F e r f l u o r o a l k y l Grignard reagents. 

These can be prepared from p e r f l u o r o a l k y l iodides and magnesium 

i n b a s i c solvents i n the usual manner. Although heptafluoro-n-

propylmagnesixim iodide ha s been the most widely i n v e s t i g a t e d because 

of i t s sbability^'''^^""''*^'^^ there are i n d i c a t i o n s that the l e s s s t a b l e 

t r i f l u o r o m e t h y l magnesium iodide can be prepared by using s p e c i a l 

precautions^'^^^""'""^*^^ The nature of the solvent, the reac t i o n 

temperature, the d i l u t i o n of the p e r f l u o r o a l k y l iodide, and the p u r i t y 

of the magnesium used i n the r e a c t i o n have a l l been i n v e s t i g a t e d i n 

the preparation of p e r f l u o r o a l k y l Grignard reagents. Tetrahydropyran, 

tetrahydrofuran, t e r t i a r y amines, ethyl ether and n-butyl ether have 

a l l been used as solvents, but the a l i p h a t i c ethers are l e s s e f f e c t i v e 

for the s t a b i l i s a t i o n of the Grignard reagent than of the other 

compounds. The s t a b i l i t y of p e r f l u o r o a l k y l Grignard reagents i n c r e a s e s 

but the rate of t h e i r formation and the ease of i n i t i a t i o n of the 

rea c t i o n decreases with decreasing temperature. As a p r a c t i c a l com­

promise between these temperature e f f e c t s the r e a c t i o n i s i n i t i a t e d 

at room temperature or above, and then the rea c t i o n temperature i s 

lov/ered. Grignard reagent formation and rea c t i o n has been observed 

down to -80°; the optimum temperature appears to be about -20° (^^^) ^ 

The p u r i t y of the magnesium employed i n the re a c t i o n has been c i t e d 

as a c r i t i c a l f a c t o r i n the formation of p e r f l u o r o a l k y l Grignard 

r e a g e n t s ^ b u t there appears to be no general agreement on t h i s 

point. Although heptafluoro-n-propyl magnesium iodide r e a c t s with 

aldehydes, a c i d chlorides and 'esters to form the expected secondary 

alcohols, ketones and t e r t i a r y alcohols^ "'"̂ ^̂  ̂ "'"'̂ ^̂  there are no 
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recorded attempts to extend these reactions to the preparation of 

other p e r f l u o r o a l k y l m e t a l l i c compounds. Trifluoromethyl magnesium 

iodide undergoes s i n . i l a r r e a c t i o n s , but the conditions for i t s 

formation are d i f f i c u l t to reproduce p r e c i s e l y ^ ^ ^ ^ ^ . Better o v e r a l l 

y i e l d s are obtained i n r e a c t i o n s employing p e r f l u o r o a l k y l Grignard 

reagents i f the Grignard i s formed i n the presence of the substance 

with which i t i s to r e a c t . These remarks on the s t a b i l i t y of 

p e r f l u o r o a l k y l Grignard reagents do not apply to the aromatic s e r i e s ; 

the reagent formed from bromopentafluorobenzene, and magnesium i n 

ether^"'""'"^^ i s stable at the b o i l i n g point of ether, because e l i m i n a t i o n 

of magnesium f l u o r i d e i s obviously quite d i f f i c u l t i n an aromatic 

system. Conventional Grignard reactions have been performed with 

t h i s compound: h y d r o l y s i s gave pentafluorobenzene, acetaldehyde gave 

l-(pentafluorophenyl) ethanol, and reac t i o n with carbon dioxide gave 

perfluorobenzoic a c i d i n low y i e l d . 

An exchange reaction between p e r f l u o r o a l k y l iodides and phenyl 

magnesium bromide occurs at normal a nd low temperatures i n ether 

s o l u t i o n and should be more us e f u l from a manipulative standpoint^"'""'"•^""'"'^^^ 

•Reactions of P e r f l u o r o a l k y l Grignard Reagents. 

Haszeldine^"'"^^^ has prepared 1-heptafluoropropylmagnesium bromide 

from heptafluoro-l-iodopropane and magnesi\im at -50° (60^ y i e l d ) . 

During the preparation and on allowing i t to decompose, he obtained 

heptaf luoropropane (76^), hexaf luoropropene {&fo) and tetradecaf luoro­

hexane ( 2 ^ ) . He suggests that the following r e a c t i o n s are responsible 

f o r these products:-
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CP^-GF^CF^Kgl 

CF^-GP^GF^Mgl 

CF_ - GF - ^ F ^ 

O F ' C F ^ O T - sQlve^j: CP,-CF^CF^H 
3 2 2 3 d 2 

CP^GF^GP^* Mgl 

CP^ - CP -CP^* P 

C^F^Mgl* C^P^I-^CgF^^ ^ Mgl^ 

In a l a t e r paper^"^^^^ he describes the following r e a c t i o n s of 

heptafluoro-npropyl magnesium iodide. 

C^H^-COCl 2 ? 

G^H^GOCl 

CP^GOCl 

C^P^COCl 

C^F^COCl 

Reactant. Products ifc y i e l d ) 

CĤ GHO C^F^-CHOHCH^ ( 4 1 ) 

C Ĥ CHO 2 p C^F^CHOHG^H^ ( 4 5 ) 

C^^CHO C^F^CHOEC^H^ ( 4 0 ) 

CP^GHO G^P^GHOHCF, 3 7 3 (29) 

G^F^CHO 2 5 C„F„CHOHC^Ft- ( 5 0 ) 

C^F^CHO C„P^CHOHG„F„ 3 7 3 7 (27) 

CH^COCl C„F^C0GH„(l5) 

C^P^COC^H^ ( 1 8 ) C^P^CCIOHC^H^ (27) 3 7 2"5 2"5 

C^F^COC^H^ (21) C^P^CCIOHC^H^ (23) 

C^PYGOCF^ (36) C^FYCGIOHCF^ (11) 

c^p^coG^p^ (41) C^PYCGIOHC^F^ (13) 3 7 — 2 * 5 2'5 

C^FYCOC^P^ (31) C^PYCCIOHC^PY (16) 

CH^GO^C^H^ CH„GOG„P„ 3 3 7 
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Reactant. Products { % y i e l d s ) 

CF,COG,F„ 
5 3 7 

I n the l a s t s e r i e s of re a c t i o n s small amounts of C„P„GHR0H and 
5 7 

(C^F^)2CR0H were formed. 

Henne and Francis^"^*^^^ made heptaf luoropropylmagnesium bromide 

by a s i m i l a r method, but i n much lower y i e l d and performed the 

following s e r i e s of r e a c t i o n : -

Re act ant. 

(CH^)2C0 

Products, ifp y i e l d s ) 

C^F^C(0H)(GH^)2 (10) 

CH^GOCH«C-C(F|;H^) 

C^H^CHO 

G^F^CHO 

HCOOG„H^ 

C„H„GH(0H)C„F^ (16) 
5 ( ? ( 

Small amounts of aldol 
type compounds. 

C„F„GH(0H)C„F„ (Very low) 
3 7 3 7 

C^F^CHO (24) 

C^F^GOOC^H^ C^F^GOC^F^ (20) 

C^P^GOCl C^P^COC^P^ (4) 

G^P^CHO 

CO G^F^GOOH (41) 

As mentioned previously, exchange between phenyl magnesium 

bromide and heptafluoro-l-iodopropane and pentafluoroiodoethane 

occurs r e a d i l y at low tempe r a t u r e s . ̂ '̂"'"̂^ ̂"''"'"̂^ Mixing of these 



23. 

reactants i n the presence of acetone produced on h y d r o l y s i s the 

corresponding t e r t i a r y alcohols, y i e l d s being 65^ at 0° '̂̂ ^̂ ^ and 

at -78°^"^"^^^ r e s p e c t i v e l y . This exchange re a c t i o n was used also 

to i n v e s t i g a t e the re a c t i o n between 1-heptafluoropropyl magnesium 

bromide and a v a r i e t y of aldehydes and ketonea . For these reactions 

heptafluoro-l-iodopropane was placed i n a f l a s k and treated 

simultaneously with phenyl magnesium bromide and the carbonyl 

compounds; the tempe rature of re a c t i o n was about-40,- 50°. The 

following y i e l d s of alcohols were obtained from reactions with the 

carbonyl compounds indicated. 

CH^CHO G^F^-CHOH.CH^ (3C^ 

C ̂H^ GHO C ̂F^•GHOH•C ̂Ĥ  (45.5^) 

C^H^•CO•CH^ C^H^•COHCH^•C^P^ (77.4^) 

CgH^COC^H^ C^H^.COHCgH^-G^F^ {S^o) 

^6^10^ ^ 6 % 0 ^ ^ S ^ ^9°^) 

F e r f l u o r o a l k y l z i n c d e r i v a t i v e s . 

Trifluoromethylzinc d e r i v a t i v e s have not been reported, but, 

however, some higher perf l u o r o a l k y l z i n c h a l i d e s are known^ "'""''̂ .̂ 

1-Eeptafluoropropylzinc iodide and bisheptafluoro-n-propylzinc have 

been pr epared i n dioxane or 1,2-dimethoxyethane solution and have 

been i s o l a t e d as stable solvates^'^"'"^^ ̂"'""̂ '̂ ;̂ the removal of solvent 

molecules by high vacuum sublimation has been reported^'^"'"^^ but not 

confirmed^^"'''^^ The ether solvate molecules are r e a d i l y d i s p l a c e d 

by stronger bases, and the 1:1 pyridine addition compounds of 

1-heptafluoropropyl zinc iodide and bisheptafluoro-n-propylzinc are 
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formed from the 1,2-dimethoxyethane solvates of these substances i n 

t h i s manner. The attempted preparation of 1-heptafluoropropyl zinc 

iodide from heptafluoro-l-iodopropane i n d i e t h y l ether s o l u t i o n leads 

only to the formation of heptafluoropropane^''""^^^; t h i s observation i s 

accounted for by an organic peroxide-zinc induced f r e e r a d i c a l chain 

re a c t i o n between the iodide and ether. Reaction of h e p t a f l u o r o - l -

iodopropane with zinc i n commercial grade dioxane y i e l d s 42^ IH-
(97) 

heptafluoropropane which i s also explained by the presence of per-

oxides m the solvent . 

The chemical r e a c t i v i t y of 1-heptafluoropropyl zinc iodide 

appears to l i e between that of the very r e a c t i v e p e r f l u o r o a l k y l 

magnesium h a l i d e s and the r e l a t i v e l y unreactive p e r f l u o r o a l k y l mercury 

compounds. Neither 1-heptafiuoropropyl zinc iodide i n dioxan s o l u t i o n 

nor the pure dioxan adduct r e a c t s with carbonyl compounds or a c i d 

c h l o r i d e s , with the exception of the r e a c t i o n of the pure dioxan 

adduct \a th perfluoroacid chlorides which y i e l d small amounts of the 

expected ketone. Reaction with aldehydes, ketones, acid anhydrides 

and acid c h l o r i d e s containing enolizable hydrogen, yielded hepta-

fluoropropane and condensation and solvent cleavage products on long 

r e f l u x i n g . Reaction with paraformaldehyde at 130° for f i v e days gave 

IH-heptafluoropropane ( 4 6 ^ ) ; s i m i l a r r e actions with aceticanhydride 

and a c e t y l chloride formed the same product (56^ and 78^ r e s p e c t i v e l y ) , 

1-Heptafluoropropyl zinc iodide reacted quite r e a d i l y with chlorine 

and bromine but heat was required to i n i t i a t e r e a c t i o n with iodine. 

Hydrolysis using aqueous a c i d or base occurred r e a d i l y ; oxygen had no 
. (116)(117) e f f e c t even over long periods. 
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CHAPTER 2. 

DISCUSSION OF THE EXPERIMENTAL WORK, 
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DISCUSSION OF EXPERIKEUTAL WORK. 

The Addition of Halogen Konohalides to Fluoro-Olefins. 

Halogen Monofluorides. 

Bromine t r i f l u o r i d e and iodine pentafluoride are extremely 

r e a c t i v e compounds, and they have been used alone f or the preparation 

of chloro- , bromo- , and idofluoroalkanes by t h e i r r e a c t i o n s with 
(17) 

polyhaloalkanes and alkenes. Banks et a l . prepar ed t r i f l u o r o -
iodomethane and pentafluoroiodoethane by the r e a c t i o n of iodine 

pentafluoride with carbon t e t r a i o d i d e and tetraiodoethylene. Emeleus 
(92) 

and Haszeldine * obtained pentafluoroiodoethane from the r e a c t i o n 

between iodine pentafluoride and 1,2-diiodotetrafluoroethane. The 

reactions of bromine t r i f l u o r i d e and iodine pentafluoride with 

f l u o r o - o l e f i n s , however, have not been i n v e s t i g a t e d e x t e n s i v e l y 

whereas r e a c t i o n s between other, much l e s s r e a c t i v e interhalogen 

compounds and f l u o r o - o l e f i n s are quite well known and w i l l be 
(34) 

discussed l a t e r . Simonsand Brice i n v e s t i g a t e d some r e a c t i o n s 

of iodine pentafluoride and higher iodine f l u o r i d e s with f l u o r o -

o l e f i n s at temperatures of 175 - 250°, i n the gas phase, for the 

purpose of preparing fluorocarbon iodides. The y i e l d s , although not 

quoted, are n e c e s s a r i l y l i m i t e d by the f a c t that only one of the 

f l u o r i n e atoms i n any p a r t i c u l a r molecule of iodine pentafluoride 

can react to y i e l d fluorocarbon iodide; two remaining molecules of 

f l u o r i n e per molecule of iodine pentafluoride are then a v a i l a b l e 

for r e a c t i o n with the fluorocarbon iodide, thus reducing the y i e l d . 

R f l * 3P^ RfF + I P . 
2 D 

The present worker has found that y i e l d s of fluorocarbon 
bromides and iodides obtained by the r e a c t i o n of f l u o r o - o l e f i n s with 
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bromine t r i f l u o r i d e and iodine p e n t a f l u o r i d e , i n the l i q u i d phase, 
under autogenous pressure, may be s u b s t a n t i a l l y increased by the 

a d d i t i o n of a qua n t i t y of bromine or io d i n e , as the s i t u a t i o n requires 

s u f f i c i e n t to make the mixtures equivalent to the halogen monofluoride, 

These mixtures w i l l i n f u t u r e o f t e n be r e f e r r e d to as "bromine f l u o r i d e 

and "iodine f l u o r i d e " . 

Iodine Fluoride* 

These reactions were a l l performed i n a st a i n l e s s s t e e l autoclave 

which was rotated i n order t h a t the contents might be thoroughly mixed. 

The stoichometric proportions of f l u o r o - o l e f i n , iodine penta-

f l u o r i d e and iodine used were those required by the equation 

5 >C - C< 21^ * I F ^ »5 >C — C< 
2 0 

F I 

Some of the reactions proceeded r e a d i l y at room temperature, 

whereas others required heat. Table 1 gives a summary of reactions 

performed; y i e l d s are based on the amount of o l e f i n used up. 

TABLE 1. 

Ol e f i n . Duration of Temperature. Product(s) Y i e l d . Conversion. 
Reaction. 

CF^zCP^ 10 hrs. Ambient S&fo 

GF^tCH^ 15 " 103° 86^ 

CF^CP:CF^ 24 " 150° CF^.CFI*CP^ 99?̂  \00fo 

CF^tCFCl 4 " Ambient CP^I^CP^Cl 45^ lOOfo 

CF-.CPCII 
5 

CF^tCCl^ 6 " 170° CF_«CFC1^ 2% 

CF.I.CFCl 31fo 



TABLE 1. (continued.) 

O l e f i n * Duration of Temperature. Froduct(s) Y i e l d . Conversion. 
Reaction. 

CF^-CCl^I 2% 

CCl^.CCl^ 4 hrs. 190^ CCl^F-CCl^F 51^ 40?̂  

(•55) 
Only very r e c e n t l y has iodine monofluoride been prepared 

from elemental f l u o r i n e and iodine at -78 using trichlorofluoro,^thane 
(36) 

as solvent, although Burie e a r l i e r observed iodine monof1 uoride 

spectroscopically* I t i s therefore possible that the mixtures of 

iodine pentafluoride and iodine which have acted as excellent sources 

of iodine monofluoride i n the reactions shown i n Table 1, have i n 

f a c t been a source of the compound iodine monofluoride. I f t h i s i s so, 

then the f o l l o w i n g e q u i l i b r i u m must l i e appreciably to the r i g h t 

I F ^ * 21^ —» 5IP 

Presumably t h e r e f o r e , iodine f l u o r i d e reacts w i t h f l u o r o - o l e f i n s 

much more r e a d i l y than does e i t h e r iodine pentafluoride or iod i n e , 

and the e q u i l i b r i u m i s c o n t i n u a l l y disturbed by removal of "iodine 

f l u o r i d e " , thus d r i v i n g the re a c t i o n to completion. Many other 

complicated reaction schemes i n v o l v i n g the s e l f - i o n i s a t i o n of the 

iodine pentafluoride may be devised to account f o r the reactions 

between iodine pentafluoride plus i o d i n e , w i t h f l u o r o - o l e f i n s , but 

the mode of ad d i t i o n i s most e a s i l y explained i n terms of t h i s iodine 

monofluoride 

8 + 8- 84- 8-
I - P • CF^ : CF • CF_ — > CF-- CFI* CF, 

Many workers have shown that n u c l e o p h i l i c a d d i t i o n t o f l u o r o -

o l e f i n s occurs very e a s i l y and that o l e f i n s containing a ter m i n a l 
difluoromethylene group are the most reactive (see i n t r o d u c t i o n ) ; the 
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nucleophile i n v a r i a b l y becomes attached to the difluoromethylene 

group. The same d i r e c t i o n of attack occurs i n e l e c t r o p h i l i c a d d i t i o n 

reactions to f l u o r o - o l e f i n s i . e . the e l e c t r o p h i l e avoids attack on 

the difluoromethylene group (see i n t r o d u c t i o n ) . This s i t u a t i o n can 

be r a t i o n a l i s e d by considering the a b i l i t y of f l u o r i n e atoms i n a 

difluoromethylene group to "back-donate" non-bonding p-electrons to 

the o l e f i n i c double bond. Chlorine w i l l also "back-donate" electrons 

but does so less r e a d i l y than f l u o r i n e , as w i l l be shown l a t e r i n 

t h i s discussion. 

A d d i t i o n to Tetrafluoroethylene. 

This r e a c t i o n proceeded r e a d i l y at room temperature r e s u l t i n g 

i n the formation of pentafluoriodoethane. 

I - F + CF^ : CF^ > CF^ -CF^I 

Formation of a small amount of 1,2-diiodotetrafluoroethane was 

probably caused by the exothermic nature of the main re a c t i o n p r o v i d i n g 

s u f f i c i e n t energy f o r the a d d i t i o n of iodine to t e t r a f l u o r o e t h y l e n e . 

This method of preparing pentafluoroiodoethane i n good y i e l d 

from e a s i l y obtainable materials appears to be an improvement on 

previous methods of preparing t h i s u s e f u l compound. 

Addition to 1,1-Difluoroethylene• 

This a d d i t i o n occurred i n only one d i r e c t i o n , which was t h a t 

postulated from e l e c t r o n i c considerations; the conversion was 

q u a n t i t a t i v e . 

The p o s s i b i l i t y that the r e a c t i o n had i n f a c t produced two 

inseparable isomers was r u l e d out by the preparation of 1, 1, 1 -

t r i f l u o r o - 2 - iodoethane by a d i f f e r e n t route. This f i r s t of a l l 
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involved preparing t r i f l u o r o e t h a n o l from t r i f l u o r o a c e t i c acid by 

the method of Henne ̂'''"'"̂^ 

CF̂ COOH X C.H^COCl — > CF^COCl + C.Ĥ COOH 
3 6 5 3 6 5 

CF^COCl ^ LiAlH^ > CF^CEgOH+ L i C l * A l ( C l ) ^ 

The t r i f l u o r o e t h a n o l was i s o l a t e d pure by d i s t i l l a t i o n . 

The next stage was the preparation of the t o s y l ester of t h i s 

alcohol and i t s r e a c t i o n w i t h sodium iodide at a f a i r l y high 

temperature, as described by Ti e r s , Brown and Reid^'^^*^^ A high 

b o i l i n g solvent, t e t r a e t h y l e n e g l y c o l dimethyl ether was used i n t h i s 

r e a c t i o n ; 1,1,1-trifluoro-2-iodoethane was evolved and was shown to 

have an i n f r a r e d spectrum i d e n t i c a l to the poduct from the"iodine 

f l u o r i d e - 1 , 1-difluoroethylene r e a c t i o n , thus excluding the formation 

of 1 , 1 , 2 - t r i f l u o r o - 1 - iodoethane from the l a t t e r . 

CF̂ CH.OH ^ pCH„ - C.H. - SO^Cl —^ CF„CH -O-SO -C H - CH„ 
3 2 ^ D 4 2 ^ 2 Z 6 A J 

GP̂ CĤ -O-SÔ - CgH^ - GĤ -̂  1^0,1 ^CF^CH^I* CĤ -Ĉ Ĥ -SÔ -ONa 

Analysis f o r f l u o r i n e on l , l , l - t r i f l u o r o - 2 - i o d o e t h a n e prepared 

by e i t h e r method, repeatedly gave a value which was one f l u o r i n e atom 

low. This may be a t t r i b u t e d to the removal of one atom of f l u o r i n e 

as some type of complex w i t h the diphenylsodium-dimethoxyethane 

reagent which was used to decompose the compound. I t i s however, 

s i g n i f i c a n t that no analysis f i g u r e s f o r f l u o r i n e have been quoted 

i n the l i t e r a t u r e f o r 1,1,1-trifluoro-2-iodoethane which has been 

prepared by four d i f f e r e n t methods. ̂^^^ ̂ •̂ '̂̂ ^ ̂ "̂ ^̂ ^ ̂ "̂ ^̂ ^ 

Addition to Hexafluoropropene. 

Quantitative conversion to a single isomer heptafluoro-2-
iodopropane was obtained, the s t r u c t u r e of which was determined by: 
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F magnetic resonance spectrum which consisted of a low f i e l d doublet 
and a high f i e l d septet and the i n t e n s i t y d i s t r i b u t i o n was consistent 
w i t h the compound having t h i s s t r u c t u r e ; n o n - i d e n t i c a l i n f r a r e d 
spectrum w i t h heptafluoro-l-iodopropane; and r e a c t i o n w i t h potassium 
hydroxide i n acetone to give only 2H-heptafluoropropane. These two 
spectra and the reaction also ruled out the p o s a i b i l i t y of the product 
being a mixture of the two isomers of heptafluoroiodopropane. This 
complete conversion to heptafluoro-2-iodopropane at the expense of 
any heptafluoro-l-iodopropane must have been helped considerably by 
the r e l a t i v e l y strong e l e c t r o n i c e f f e c t s working i n the hexafluoro-
pr opene. The "back-donation" of electrons from the difluoromethylene 
group have a complimentary action to the strong i n d u c t i v e e f f e c t of 
the t r i f l u o r o m e t h y l group 

8+ 8- 8+ 8-

I F + GF^ : CF. CF, >CF„-CFI'CP, 
2 3 3 3 

Hexafluoropropene has been shown to be less r e a c t i v e than t e t r a -

f l u o r o e t h y l e n e , c h l o r o t r i f l u o r o e t h y l e n e and 1,1-difluoroethylene i n 
(22) 

i t s free r a d i c a l a d d i t i o n reactions w i t h iodofluoroalkanes and 
(78) 

i t s a b i l i t y to homopolymerise ^. I t i s i n keeping therefore w i t h 

t h i s r e a c t i v i t y that the a d d i t i o n of "iodine f l u o r i d e " to hexafluoro-

propene requires more vigorous conditions than the a d d i t i o n of "iodine 

f l u o r i d e " to the other o l e f i n s mentioned above. 

C h l o r o t r i f l u o r o e t h y l e n e . 

A s u b s t a n t i a l amount of both possible isomers were obtained from 

t h i s r e a c t i o n , which proceeded r e a d i l y at room temperature. Separation 

of these isomers was very d i f f i c u l t and could only be accomplished on 

a small scale using an a n a l y t i c a l size V.P.C. column by trap p i n g out 



32. 

the two components as they emerged from the detector. The two 

components gave equivalent analyses but d i f f e r e n t i n f r a r e d spectra, 

and were characterised by preparing an authentic sample of one of 

them by a known route. This was v i a the ad d i t i o n of iodine mono-

chlo r i d e to t e t r a f l u o r o e t h y l e n e i n an autoclave heated to 50^, and 

produced l-chloro-2-iodotetrafluoroethane^'^''"^ ; t h i s had an i d e n t i c a l 

i n f r a r e d spectrum to the f i r s t isomer to emerge from the V.P.C. 

colixmn- The r a t i o of the isomers present was found by measuring the 

two peak areas on the V.P.C. chromatograms; t h i s necessitated 

assuming equal thermal c o n d u c t i v i t i e s f o r the two isomers i n the 

vapour phase. 

The d i r e c t i o n of ad d i t i o n i s effec t e d p a r t l y by e l e c t r o n i c e f f e c t s 

which cause the f o l l o w i n g r e a c t i o n : -

84. 8- / 
I - F + S = C * GF,-CFC1I 45^ 

^ P * 8X 3 

F^ CI 

and p a r t l y by what i s probably a s t e r i c f a c t o r operating, which 

discourages the attachment of the large iodine atom to the carbon atom 

already containing a chlorine atom. 

Therefore the f o l l o w i n g reaction occurs to the extent stated. 

I - F GF^ : CFCl —^CF^I'CF^Cl 55^ 
The formation of two isomers from t h i s r e a c t i o n was not i n 

accordance w i t h the ad d i t i o n of iodine monochloride and iodine mono-
( 2Y) ( 28) 

bromide to c h l o r o t r i f l u o r o e t h y l e n e , where the ad d i t i o n was 

state d to obey e n t i r e l y e l e c t r o n i c considerations forming only one 

isomer. 
8* 8— 8"*" 8 
I - X"* GF2 s CPCl — > CP2X - CFCII ( x - CI or Br) 
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These two reactions were therefore r e i n v e s t i g a t e d and w i l l be 
discussed l a t e r . 

A d d i t i o n to 1,1-Dichlorodifluoroethylene. 

Both possible isomers, CF^I'CFCl^ and CF^*CCl2l) were formed i n 

t h i s r e a c t i o n together w i t h some 1,1-dichlorotetrafluoroethane formed 

by d i r e c t a d d i t i o n of f l u o r i n e to the double bond. This l a s t a d d i t i o n 

probably took place because of the r e l a t i v e l y high temperature (170*^) 

used f o r the re a c t i o n ; simple add i t i o n of f l u o r i n e from iodine 

p e n t a f l u o r i d e , to o l e f i n i c double bonds does take place at high 

temperatures as i s shown i n the next r e a c t i o n to be discussed. 

The three products were separated by large scale "V.P.C; and the 

two isomers were characterised by t h e i r equivalent analyses, d i f f e r e n t 

i n f r a r e d spectra and the f a c t t h a t one of them had an i n f r a r e d 

spectrum i d e n t i c a l to one of the products from the a d d i t i o n of iodine 

monochloride to c h l o r o t r i f l u o r o e t h y l e n e . This was CF^I - CCl^P as 

i s explained by the f o l l o w i n g equations. 

2I-F + 2CF2:CCl2—^ CF^I - CCl^Fi-CP^.CCl^I 

21 - C1+ 2CF2:GFCl-»CF2l- GCl^P"^ GP^Cl - CPCII 

The formation of two isomers i s again explained by the e l e c t r o n i c 

e f f e c t and polar e f f e c t working against each other. With 1,1-dichloro-

d i f l u o r o e t h y l e n e the p o l a r i s a t i o n i s greater than i n c h l o r o t r i f l u o r o e ­

thylene because of the smaller back donation of electrons fromzCCl^ 

i n comparison to :GFC1. The s t e r i c e f f e c t , however, of tCCl^ i s 

greater than :CFC1 and t h i s appears to compensate almost exactly the 

increased polar e f f e c t , thus forming the same prop o r t i o n of isomers 

as i n the a d d i t i o n of iodine f l u o r i d e to c h l o r o t r i f l u o r o e t h y l e n e . 
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8+ 8- 8+ 8-
21 - F4. 2Qf^ : GCl^ — * CF^'CCl^I -rCF^I^CPCl^ 

43/o 57^ 

This p r o p o r t i o n of each isomer was again determined from peak areas. 

Addition to Tetrachloroethylene• 

No simple a d d i t i o n product of iodine f l u o r i d e and t e t r a c h l o r o e ­

thylene was i s o l a t e d from t h i s r e a c t i o n ; the only product i s o l a t e d 

was 1,2-difluorotetrachloroethane which was e a s i l y separated from 

the s t a r t i n g m aterial by d i s t i l l a t i o n through a f r a c t i o n a t i n g column. 

A f a i r l y high temperature was necessary to promote t h i s simple 

a d d i t i o n of f l u o r i n e to tetrachloroethylene. Probably the cnarerding 

of the f o u r large chlorine atoms around the two carbon atoms s t e r i c a l l y 

discourage the i n t r o d u c t i o n of an even larger iodine atom. 

This simple method of preparing 1,2-difluorotetrachloroethane 

was i n v e s t i g a t e d f u r t h e r by a r e a c t i o n between tetrachbroethylene and 

iodine pentaf l u o r i d e alone at 220*̂  f o r four hours; a y i e l d of 62?̂  

and a conversion of 855̂  was obtained. This 1,2-difluorotetrachloroethane 

produced was dechlorinated by a conventional method using zinc dust 

i n ethanol, y i e l d i n g 1,2-dichlorodifluoroethylene (76^). 

I t should be noted t h a t these reactions between "iodine f l u o r i d e " 

and f l u o r o - o l e f i n s and f o r t h a t matter l a t e r reactions between other 

halogen monohalides, were not i n v e s t i g a t e d under widely varying conditions 

I t i s possible therefore t h a t i n some cases less d r a s t i c conditions 

might produce s i m i l a r r e s u l t s to those described. 

Bromine Fluoride. 

These reactions were also performed i n a s t a i n l e s s s t e e l autoclave ; 

most of them were so vigorous at room temperature t h a t an i n e r t d i l u e n t , 

1 , 1 , 2 - t r i c h l o r o - t r i f l u o r o e t h a n e was added to moderate the r e a c t i o n . 
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The y i e l d s obtained were i n most cases lowered because of decomposition 

r e s u l t i n g from f a i l u r e to moderate the r e a c t i o n s u f f i c i e n t l y . 

The stoichometric proportions of f l u o r o - o l e f i n s , bromine t r i f l u o r i d e 

and bromine used i n the reactions were those required by the equation 

3 >C - CC Br + BrF — • 5 >C - C< 
^ 1 1 

F Br 

Table 2 gives a summary of Teactions. 

TABLE 2, 

O l e f i n . Duration of Temperature. Product(s) Y i e l d . Conversion, 
Reaction. 

OF^iOF^ 2 hrs. Ambient CF^CP^Br 67.5^ 88^ 

CF,:GF:CP^ 2 " Ambient CF^'CFBrCF, 45.5^ 85^ 
3 2 3 3 

CP^:CFCl 2 " Ambient CF^Cl•CF^Br. 73^ 86.5^ 

CP^*GFClBr 1% 

cGgP^Q 26 " 265° cCgF^^Br l&fo lOOfc 

"Bromine f l u o r i d e " has never been i s o l a t e d but conductometric 
(38) 

measurements made by Quarterman et a l . provide f o r i t s formation 

when bromine i s dissolved i n bromine t r i f l u o r i d e . Possibly the 

ad d i t i o n of the "bromine f l u o r i d e " to these o l e f i n s occurs v i a a 

d e f i n i t e compound "bromine f l u o r i d e " as formed by the f o l l o w i n g 

e q u i l i b r i i u a . 

BrF^+ Br^ 3BrF 

I f t h i s i s the case then "bromine f l u o r i d e " reacts w i t h f l u o r o -

o l e f i n s more r e a d i l y than bromine t r i f l u o r i d e or bromine, thus 

d i s p l a c i n g the e q u i l i b r i u m to the r i g h t eventually d r i v i n g the 
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r e a c t i o n to completion. Again, however, as w i t h the "iodine f l u o r i d e " 

a d d i t i o n s , the actual mechanism of a d d i t i o n may only be postulated. 

Addition to Tetrafluoroethylene. 

J?his a c t i o n was extremely vigorous and could only be performed 

on a r e l a t i v e l y small scale i n the presence of an i n e r t d i l u e n t , 

otherwise almost complete decoeposition to carbon t e t r a f l u o r i d e and 

carbon occurred. The choice of 1 , 1 , 2 - t r i c h l o r o t r i f l u o r o e t h a n e as 

d i l u e n t was r a t h e r unfortunate since separation of the product, 

pentafluorobromoethane, from t h i s compound could not be performed by 

simple d i s t i l l a t i o n . Separation by large scale V.P.G. was, however, 

qui t e s t r a i g h t f o r w a r d . Only a small amount was separated by t h i s 

method and the t o t a l y i e l d of pentafluorobromoethane was cal c u l a t e d 

from t h i s separation. 

Addition to Hexafluoropropene. 

This r e a c t i o n was performed without a d i l u e n t ; some decomposition 

occurred which accounted f o r the low y i e l d of 2-bromoheptafluoro­

propane. The l a t t e r was the only v o l a t i l e product obtained and i t s 

s t r u c t u r e was determined by : F magnetic resonance spectrum which 

consisted of a low f i e l d doublet and a high f i e l d septet and the 

i n t e n s i t y d i s t r i b u t i o n was consistent w i t h the compound having t h i s 

s t r u c t u r e ; and non-iden t i c a l i n f r a r e d spectrum w i t h 1-bromoheptafluoro­

propane. These two spectra also r u l e d out the p o s s i b i l i t y of the 

product being a mixture of the two isomers of bromoheptafluoropropane. 

The same e l e c t r o n i c considerations as wit h the a d d i t i o n of "iodine 

f l u o r i d e " to hexafluoropropene, account f o r the formation of 2-bromo­

heptaf luoropropane from t h i s reaction*,-
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8* 8- 8* 8-
i . e . Br - F 4. CP^:CFCF, » GF,*CPBr.CF„ 

2 3 3 5 

Addition to C h l o r o t r i f l u o r o e t h y l e n e . 

1,1,2-Trichlorotrifluoroethane was used as a di l u e n t f o r t h i s 

r e a c t i o n and moderated i t s u f f i c i e n t l y f o r no decomposition to occur. 

Only one product was formed, a l o t of which was i s o l a t e d pure by 

d i s t i l l a t i o n ; t h i s gave a single peak on a n a l y t i c a l V.P.C. and 

analysed as bromochlorotetrafluoroethane ( l ) . A sample of one of the 

isomers of t h i s compound, l-bromo-2-chlorotetrafluoroethane (2) was 

prepared by the addition of "bromine c h l o r i d e " to t e t r a f l u o r o e t h y l e n e 

(see l a t e r ) ; the i n f r a r e d spectrum of ( l ) contained a l l the peaks of 

(2) together w i t h a few ex t r a ones. This was almost conclusive 

evidence t h a t ( l ) contained a mijcture of two isomers, (2) and 1-bromo-

1-chlorotetrafluoroethane. The propo r t i o n of these two isomers was 

determined using i n f r a r e d spectroscopy. 

As wi t h the add i t i o n of "iodine f l u o r i d e " to c h l o r o t r i f l u o r o e ­

thylene e l e c t r o n i c and s t e r i c e f f e c t s are postulated to account f o r 

the a d d i t i o n occurring i n two d i r e c t i o n s 

8+ 8- 8+ 8-
2Br - P + 2CF^ : CFCl ^ GF^*GPClBr + CF^Br . CFoCl 

15^ 
Ad f j i t i o n to Decafluorocyclohexene. 

Decafluorocyclohexene was found to be extremely unreactive to 

any form of attack by the bromine t r i f l u o r i d e - bromine mixture and 

required extremely vigorous conditions i n order to produce bromo-

undecafluorocyclohexane; t h i s was, however, eventusLly formed i n 

excel l e n t y i e l d . This lack of r e a c t i v i t y of decafluorocyclohexene 
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i s i n keeping w i t h Haszeldine * ŝ '̂̂ ^ f i n d i n g that iodine monochloride 

does not add to t h i s o l e f i n whereas i t adds quite r e a d i l y to 

perfluorocyclobutene. Probably there i s a s t e r i c e f f e c t operating 

i n the s i x membered r i n g , which i s removed i n the four membered r i n g 

by the s t r a i n present. 

"Bromine Chloride." 

A d d i t i o n to Tetrafluoroethylene. 

I n order to prepare l-bromo-2-chlorotetrafluoroethane f o r the 

purpose of i n v e s t i g a t i n g the product from the r e a c t i o n between "bromine 

f l u o r i d 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 t was decided to attempt the 

a d d i t i o n of "bromine c h l o r i d e " to t e t r a f l u o r o e t h y l e n e . I t i s w e l l 

known that a mixture of bromine and chlorine i s i n e q u i l i b r i u m w i t h 

bromine chloride 

Br 2 + CI 2 5==^ 2BrCl 

and therefore the reaction between t e t r a f l u o r o e t h y l e n e and a mixture 

of bromine and chlorine was attempted. This r e a c t i o n appeared to 

proceed quite r e a d i l y at room temperature and r e s u l t e d i n the formation 

of three products i n roughly equal amounts. These were separated e a s i l y 

by large scale V.P.C. but only one was characterised which was 1-bromo-

2-chlorotetrafluoroethane, The other two products were probably 1,2-

d i c h l o r o t e t r a f l u o r o e t h a n e and 1,2-dibromotetrafluoroethane. 
(37) 

Since t h i s reaction was c a r r i e d out, Buckles et a l , ' have 

used mixtures of bromine and chlorine as an e f f e c t i v e source of bromine 

c h l o r i d e f o r a d d i t i o n reactions to o l e f i n s ; they d i d not attempt any 

reactions w i t h f l u o r o - o l e f i n s . 
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I.odine ?.onochloride and Iodine I onobroinide.. 

Addition to C h l o r o t r i f l u o r o e t h y l e n e . 
(27) 

Barr et a l . ' claimed that CF^CI'CFCII was the only product 

from the r e a c t i o n between iodide monochloride and c h l o r o t r i f l u o r o e ­

thylene performed i n a solvent at o"̂ . Haszeldine^ repeated the 

reac t i o n i n an autoclave at 45*̂  without a solvent and supported 

Barr's claim of only one product, since on repl a c i n g the iodine i n 

h i s product by f l u o r i n e followed by dehalogenation, Haszeldine 

obtained only t e t r a f l u o r o e t h y l e n e 

CF^GI'GFGII—^CF^Cl-GP^Cl > ^.^Y^ 

Haszeldine also claimed t h a t the re a c t i o n between iodine monobromide 

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 an autoclave at 100^ yiel d e d 

GP^Br.CFCII but no GF^I'GFGlBr. Since the a d d i t i o n of "bromine 

f l u o r i d e " and "iodine f l u o r i d e " to c h l o r o t r i f l u o r o e t h y l e n e was not 

s p e c i f i c , t h i s was an apparent c o n t r a d i c t i o n to the view t h a t reactions 

of these mixtures w i t h f l u o r o - o l e f i n s involve the monofluorides. 

However, the reactions of c h l o r o t r i f l u o r o e t h y l e n e w i t h iodine 

monobromide and iodine monochloride have been r e i n v e s t i g a t e d , and i t 

has been found that a su b s t a n t i a l amount of both possible isomers was 

obtained i n each case. (See Table 3). 
8«- 8- a+ 8-
2GF2 : CFCl + 2I-X >CF2X -CFCII ^GF^I-CFClX (x= Er,Gl) 



40. 

TABLE 3. 
Duration of Temperature. Products. Y i e l d . 
Reaction, 

Iodine Monochloride. 3 hrs. 45*̂  CFCl^'CP^I 

CF^CI'CFGII 5lfo 

Iodine Konobromide. 2 hrs. 100*̂  CF^Br-CFClBr 22^ 

CP^I-CFClBr 14^ 

CP^Br-GFClI 44^ 

The reactions were c a r r i e d out i n an autoclave under s i m i l a r 

conditions to those used by Haszeldine; CP^CI-CPCII and CP^I'CFCl^ 

were separable by V.P.C. and CP^I'CFCl^ (together w i t h CF^-CCl^l) 

wa s obtained independently from the reaction between "iodine f l u o r i d e " 

and 1,1-dichlorodifluoroethylene. When a mixture of CP^CI'CFCII and 

CP^I'CFCl^ was i r r a d i a t e d with u l t r a v i o l e t l i g h t i n the presence of 

mercury, GF^Cl-CPCll quickly reacted to give coupled products, whereas 

CF^I'CFCl^ was r e l a t i v e l y unchanged. 

Only p a r t i a l separation of the peaks could be obtained when 

CF^Br*CPCII and CF^I'GFClBr were examined by V.P.C. but by c o l l e c t i n g 

e a r l y and l a t e "cuts" as the components emerged from the detector, 

two f r a c t i o n s w i t h equivalent analysis but d i f f e r e n t i n f r a r e d spectra 

were obtained. These spectra, although d i f f e r e n t , were very s i m i l a r ; 

t h i s can be a t t r i b u t e d to the extreme s i m i l a r i t y of the two compounds; 

the only difference i n t h e i r s t r u c t u r e i s th a t two large atoms are 

interchanged. The isomers were distinguished by i r r a d i a t i n g w i t h 

u l t r a v i o l e t l i g h t i n the presence of mercury, when CF^Br'CFClI coupled 
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r a p i d l y leaving GF^I'GFGlBr r e l a t i v e l y unchanged; the carbon-iodine 

bond i n a group -GFCII i s much weaker than the corresponding bond i n 

-GF^I. 

Addition of Iodine honochloride to Hexafluoropropene. 
(33) 

This r e a c t i o n has been mentioned i n the l i t e r a t u r e but no 

experimental d e t a i l s were given; i t was, however, stated that the 

reac t i o n produced l-chloro-2-iodohexafluoropropane; no other product 

was mentioned. 

A f a i r l y high temperature (200°) was used f o r the r e a c t i o n i n 

view of th a t needed f o r the ad d i t i o n of "iodine f l u o r i d e " to hexa-

fluoropropene; the r e a c t i o n was c a r r i e d out i n an autoclave and 

produced two products which were e a s i l y separable by d i s t i l l a t i o n v i z . 

1,2-dichlorohexafluoropropane (11^) and l-chloro-2-iodohexafluoro-

propane (585^)- The l a t t e r gave a single peak on V.P.C, and i t was 

therefore assumed that the other isomer, 2-chloro-l-iodohexafluoro­

propane, had not been formed. The aforementioned statement i n the 

l i t e r a t u r e coupled w i t h analogy w i t h the a d d i t i o n of "iodine f l u o r i d e " 

to hexafluoropropene which gave only 2-iodoheptafluoropropane, was 

reasonable evidence f o r c h a r a c t e r i s i n g the product as l - c h l o r o - 2 -

iodohexafluoropropane. 
8+ 8- 8- B-f 
I - CI -r CP, < CP : C ̂  * GF^-CPI-GF CI 

3 S!̂ .. 3 2 

P 

Summary of Factors A f f e c t i n g D i r e c t i o n of Addition of Halogen. 

Monohalides to Fluoro-Olefins. 
The halogen monohalides react ^ h f l u o r o - o l e f i n s which contain no 

other halogen, to give products which can be predicted by a consideration 
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of the p o l a r i s a t i o n r e s u l t i n g from a difference i n e l e c t r o n e g a t i v i t y 

between the halogens i n the halogen h a l i d e , and of the point at 

which the nucleophile u s u a l l y becomes attached to the f l u o r o - o l e f i n . 

However, t h i s s i t u a t i o n does not apply when other halogens are 

present i n the o l e f i n ; a s t e r i c f a c t o r appears to operate which 

modifies the aforementioned considerations. Crowding w i l l e x i s t i n 

a group -CF X Y (X=: CI; Y= Br or l ) and there w i l l be a subsequent 

tendency to r e s i s t i t s formation. Thus, t h i s s t e r i c f a c t o r encourages 

the formation of CP^I'CPCIY (Y« Br, CI or P) from c h l o r o t r i f l u o r o e ­

thylene when other considerations p r e d i c t only CF^T'CFCII; 1, 1-

dic h l o r o d i f l u o r o e t h y l e n e yielded CP^I'GFGl^ and CF^'CCl^I w i t h 

"iodine f l u o r i d e " when only CF^"CPCII might have been predicted. 

Probably t h i s s t e r i c f a c t o r accounts f o r the f a c t that CFCl^'GFCl^ 

and not CFCl^'CCl^I was i s o l a t e d from the r e a c t i o n between "iodine 

f l u o r i d e " and tetrachloroethylene. 

The e f f e c t of t h i s s t e r i c f a c t o r and of the various p o l a r i s a t i o n s 

of the halogen monohalides i s c l a r i f i e d by a study of the a d d i t i o n 

of four halogen monohalides to c h l o r o t r i f l u o r o e t h y l e n e . ( s e e Table 5 ) . 

In order to s i m p l i f y t h i s conception of the s t e r i c e f f e c t and 

p o l a r i s a t i o n , the atomic r a d i i and e l e c t r o n e g a t i v i t y of the halogens 

need to be considered (see Table 4 ) . 
TABLE 4. 

Atomic Radius Recording E l e c t r o n e g a t i v i t y according 
to PaulingU21) to P a u l i n a J ^ ^ ^ ) 

Flu o r i n e . 0.64A° 4-0 
Chlorine. 0.99A° 3.0 
Bromine. 1.14A° 2.8 
Iodine. 1-33A° 2.4 



8+ 8-
I - F 

0,67* 

I - CI 
1.33 0,99 

I - Br 
1.33 l . U 

Br - F 
1.14 0.64 
A E sdiff e r e n c e 

4 3 . 

TABLE 3. 

Halogen Monohalide. Product from p o l a r i s a t i o n Product from s t e r i c 
e f f e c t s . Q. Q e f f e c t s . 

2ip: CFCl 
P S 

1.6 CF̂ - CFCII 45^ CF^I • CF^Cl "5% 

0.6 GF^CI-CFCII 67?̂  GF^I-CFCl^ 3 ^ 

0.4 GF^Br-CFClI 76^ CF^I-CFClBr 245̂  

1.2 CF^'CFClBr 15?̂  CF^Br-CF^Cl 85^ 

A E ^ d i f f e r e n c e i n e l e c t r o n e g a t i v i t y between the two halogens i n the 

halogen monohalide, 

« Atomic Radius. 

1• "Iodine Fluoride" 

This compound has the largest A E value and contains the la r g e s t 

and smallest atoms of a l l the halogen monohalides. 

The large A E value i s therefore helping the formation of 

p(CF^»GFCll), but against t h i s i s the r e l a t i v e ease of attac h i n g the 

large iodine atom to t h i s same group. This l a t t e r e f f e c t i s therefore 

helping the formation of sCCF^Cl-GF^l). 

2. Iodine Monochloride. 

The smaller A E value i n t h i s case should mean that less of 

PCCF^CI - CFCll) i s formed than i n 1. iTie replacement of f l u o r i n e by 

the l a r g e r c h l o r i n e , however, means that the formation of 3(CF2l'CFCl^) 

i s more d i f f i c u l t than i n 1. This l a t t e r e f f e c t apviears to over-rule 

the smaller A E value, r e s u l t i n g i n the formation of more of P and less 

of S than i n 1. 
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3. Iodine Konobromide. 

The same e f f e c t , only to a larger extent, as i n 2 i s occurring. 

The smaller ZiE value i s again over-ruled by the even l a r g e r bromine 

atom and r e s u l t s i n even more of P (CF^Br-CFCll) and less of 

S (CP^I'CFClBr) than i n 2. 

4 . "Bromine F l u o r i d e . " 

A d i r e c t comparison wit h 1 i s taken to explain the r e s u l t s from 

t h i s r e a c t i o n . î he lower A E value than i n 1 should decrease the 

amount of P, but the replacement of I i n 1 by Br should f a c i l i t a t e 

the formation of P (CF^'CFClBr) since the s t e r i c e f f e c t must be l e s s . 

I t appears, however, th a t t h i s decrease i n A E i s the most important 

f a c t governing t h i s a d d i t i o n , and causes more of S (CF^Br'GF^Cl) and 

less of P than i n 1 , to be formed. 

Future Work, 

There i s no reason why the additions of "iodine f l u o r i d e " and 

"bromine f l u o r i d e " , especially the former, could not be extended to a 

v a r i e t y of other f l u o r o - o l e f i n s , p o l y h a l o - o l e f i n s and even simple 

hydrocarbon o l e f i n s provided that the reaction was c o n t r o l l e d 

s u f f i c i e n t l y . 
( 1 2 3 ) 

Workers i n t h i s l a b o r a t o r y have already met w i t h success i n 

the formation of heptafluoroiodocyclobutane from hexafluorocyclobutene 

and "iodine f l u o r i d e , " 



4 5 . 

P y r o l y s i s of Pentafluoroiodoethane• 
An extremely e f f i c i e n t method of coupling fluorocarbon iodides 

has been developed by i r r a d i a t i o n w i t h u l t r a v i o l e t l i g h t i n the 
( 7 8 ) 

presence of mercury ; i n the case of pentafluoroethyl and 
t r i f l u o r o m e t h y l iodide, however, t h i s procedure r e s u l t s i n the 

(92) 

formation of the mercurial RfHgl. ' I t was thought, t h e r e f o r e , 

that the development of a method of coupling these two iodides might 

be u s e f u l , e s p e c i a l l y as a means of preparing pure perfluoroethane 

and perfluorobutane. The usual method of preparation involves d i r e c t 

f l u o r i n a t i o n of the respective hydrocarbons, followed by a r a t h e r 

d i f f i c u l t separation of the products, 

I n view of the f a i l u r e of u l t r a v i o l e t i r r a d i a t i o n i n inducing 

coupling of these two iodides, the obvious method to t u r n to was 

the breaking up of the a l k y l iodide i n t o free r a d i c a l s by the 

a p p l i c a t i o n of heat. 

Rf I R f -r !• (Rf = QFyO^F^) 
2Rf. * Rf'Rf 

21* > 1^ 

This led to the carrying out of a series of experiments i n v o l v i n g the 

passing of pentafluoroiodoethane through a hot s i l i c a tube under a 

v a r i e t y of conditions. 

The f o l l o w i n g products were formed i n varying r a t i o s from these 

reactions: perfluoroethane I , t e t r a f l u o r o e t h y l e n e 11 and p e r f l u o r o ­

butane 111. 1 and 11 were formed together, 11 us u a l l y being i n s l i g h t 

excess, the formation being aided by very high temperature and low 

pressure. S i m i l a r l y , the formation of 111 was enhanced by higher 
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pressures ( 3 0 0 mm, to 760 mm.) and medium temperatures (500^-650^). 
These reactions always involved the l i b e r a t i o n of free iodine and 
etching of the s i l i c a tube seemed to in d i c a t e the formation of some 
f l u o r i n e . 

The r e s u l t s of these pyrolyses are s\immarised i n the f o l l o w i n g 

t a b l e : 

Reaction. Pressure Range Temperature. ^C^F^ ^C^F^ ^^4^10 ^^0^^^^=^^^^' 
mm* 

1. C i r c u l a t i o n 

2. C i r c u l a t i o n 

760 - 400 

760 - 400 

550 - 600 

800° 

0 

18 26 

100 

56 

3. C i r c u l a t i o n w i t h 
nitrogen. 760 

4. Vacuiim t r a n s f e r 

5-Vacuum t r a n s f e r -

6. Vacuum t r a n s f e r 
through glass 
helices 

7. Vacuum t r a n s f e r 
w i t h heat source 
d i r e c t l y before 
cold t r a p . -

8. Atmospheric 
evaporation i n a 
nitrogen stream 760 

800 5.5 14.5 80 

800 

330 

o 
0 

16 15 69 

400 7 8 

68.5 

90 

90 

93 

1 

20 

1400 o 

800 

4 8 52 

32 24 

100 

44 34 

The f o l l o w i n g r e a c t i o n scheme accounts f o r a l l the products formed. 

a. CgPjI ^ Ĉ F̂ - I 

c. Ĉ F̂  

2 5 
e. F. + F. 
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f . C^F^- a F^ > G^F^ *F. 

g. c / ^ . > C^F^ 

h. C^F^I f F. » Ĉ Pg * I . 

i . I ,+ I . * I ^ 

Reaction ( l ) proceeded at a reasonable r a t e u n t i l the 

perfluorobutane formed d i l u t e d the pentafluoroiodoethane to such an 

extent that a n e g l i g i b l e amount of heat was a v a i l a b l e f o r p y r o l y s i s 

of the l a t t e r . The mechanism f o r the reaction i s obviously a, b and i. 

Reaction 2 involved such a high temperature that d i l u t i o n by 

stable products did not hinder the re a c t i o n . The reason f o r t h i s i s 

that the products themselves could get hot enough to break pentafluoro-

iodoethane i n t o free r a d i c a l s by c o l l i s i o n . The higher temperature, 

however, gave the pentafluoroethyl r a d i c a l s enough energy to d i s ­

proportionate ( c ) , thus causing the formation of t e t r a f l u o r o e t h y l e n e 

and perfluoroethane ( c - h ) . The reason f o r s l i g h t excess of the former 

can be explained by loss of f l u o r i n e by r e a c t i o n w i t h the s i l i c a tube; 

etching of the l a t t e r bears t h i s out. 

Reaction 3 has an improved y i e l d of perfluorobutane over Reaction 

2 mainly because the pressure i s maintained at atmospheric pressure 

by the i n t r o d u c t i o n of ni t r o g e n , thus ensuring an ample supply of t h i r d 

bodies necessary f o r r a d i c a l - r a d i c a l recombination as i n ( b ) . 

Reaction 4 needs to be coiupared d i r e c t l y with Reaction 2. The 

low pressure used i n Reaction 4 should enable the Ĝ F̂  r a d i c a l to have 

a longer l i f e , thus g i v i n g i t more time to disproportionate to 

t e t r a f l u o r o e t h y l e n e and perfluoroethane at the expense of perfluorobutane 
formation. 
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This reasoning, however, does not agree w i t h the r e s u l t s , and 

i t would appear that the f a s t flow through the hot tube using vacuum 

t r a n s f e r means th a t the Ĉ P̂  r a d i c a l s acquire less energy than i n the 
2 0 

longer contact time using the c i r c u l a t i o n method. The e x t r a energy 

gained i n the l a t t e r enhances d i s p r o p o r t i o n a t i o n . 

I n a l l f o u r vacuum t r a n s f e r reactions, t e t r a f l u o r o e t h y l e n e and 

perfluoroethane were formed i n roughly equal amounts, i n contrast to 

the c i r c u l a t i o n reactions when t e t r a f l u o r o e t h y l e n e was formed i n 

excess. This can be explained again by the very f a s t f l o w r a t e i n the 

vacuum t r a n s f e r reactions which makes removal of f l u o r i n e by c o l l i s i o n 

w i t h the walls of the apparatus less favourable. 

Reaction 5- The temperature used i n t h i s r e a c t i o n coupled wi t h 

the rapid flowrate was obviously not favourable f o r the production 

of free r a d i c a l s from the pentafluoroiodoethane. 

Reaction 6. The large surface area available from the glass 

helices appears to aid the d i s p r o p o r t i o n a t i o n r e a c t i o n . Possibly 

t h i s i s because c o l l i s i o n of a ^2^^ r a d i c a l w i t h a s o l i d body helps 

the reaction to proceed v i a ( c ) . 

Reaction 7. The p r i n c i p l e behind t h i s r e a c t i o n was to get the gas 

hot enough to ensure complete conversion to Ô F̂  and I r a d i c a l s , and 

then to cool quickly i n order to remove energy before d i s p r o p o r t i o n a t i o n 

could occur. This f a i l e d , but the r e a c t i o n provided more evidence 

1 or d i s p r o p o r t i o n a t i o n occurring more e a s i l y at high temperatures. 

Reaction 8 should have given a s i m i l a r r e s u l t to Reaction 3, The 

discrepancy i s probably due to the much greater amount of n i t r o g e n i n 

the former. This involves a much lower concentration of C«F^ r a d i c a l s 
^ 5 
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than i n Reaction 3, and hence less l i k e l i h o o d of (b) oc c u r r i n g , thus 

allowing the reaction to proceed v i a (c) to a considerable extent. 

A m o d i f i c a t i o n to the scheme of reactions was considered as an 

a l t e r n a t i v e explanation f o r the formation of t e t r a f l u o r o e t h y l e n e and 

perfluoroethane i n these reactions. 

C^F^I • ^2^5**^' 

^2^5* * ^ 2 ^ * ' ^ 2 ^ 5 ^ 2 ^ — " ^ 2 ^ * ^2^6 ^^^^ 

I t was thought that ( l l ) might occur because of the high energy which 

was available i n most of these reactions. The only drawback to t h i s 

scheme l i e s i n the f a c t t h a t equal amounts of t e t r a f l u o r o e t h y l e n e and 

perfluoroethane would be formed; t h i s was not found i n Reactions 1, 

2 and 3- -An explanation could have been found i n the p y r o l y s i s of 

the perfluoroethane to give t e t r a f l u o r o e t h y l e n e and f l u o r i n e . This 

was tested w i t h authentic perfluoroethane which was found to be stable 

when heated f o r four hours by a Bunsen flame (800°) i n a s i m i l a r 

apparatus to that used f o r the c i r c u l a t i n g experiments. 

The o r i g i n a l purpose of the series of react i o n s , however, was to 

prepare perfluorobutane and Reactions 1 and 3 provided the best 

conditions f o r t h i s preparation. 

Reaction 1 provided the b e t t e r y i e l d , but at the expense of a 

lower conversion. The mixture formed, however, was very e a s i l y 

separated i n t o i t s two components by preprative scale V.P.C. Reaction 2 

had a b e t t e r conversion, but involved a more d i f f i c u l t separation of 

the products since the r e t e n t i o n times of t e t r a f l u o r o e t h y l e n e , 

perfluoroethane and perfluorobutane are close enough to hinder 
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separation on a very large scale. Possibly low temperature 

d i s t i l l a t i o n could be developed to make t h i s separation easier. 
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Reactions of HeptafIuQro-2-iodopropane. 

Sum̂ -.ary. 
Heptafluoro-2-iodopropane has been found to undergo very s i m i l a r 

reactions to heptafluoro-l-iodopropane. The l i t h i u m and Grignard 

reagents formed from these two compounds, however, have been found 

to d i f f e r i n t h e i r readiness to eliminate l i t h i u m or magnesium f l u o r i d e 

forming hexafluoropropene; the n-propyl compound was much more stable 

than the iso-propyl i n t h i s respect. 

Reaction w i t h rotassium Hydroxide i n Acetone. 
(QI) 

Banus et a l . c a r r i e d out such a reaction i n a sealed glass 

tube using trifluoroiodomethane; they found that the r e a c t i o n was 

exothermic and that i t had gone to completion a f t e r about t h i r t y 

minutes, r e s u l t i n g i n the formation of fluoroform (70^ y i e l d ) . 

Haszeldine has reacted heptafluoro-l-iodopropane va t h a l c o h o l i c 

potassium hydroxide i n a sealed tube at lOO'̂  over a period of ten hours; 

t h i s r e s u l t e d i n the formation of IH-heptafluoropropane (lOfo y i e l d ) . 

The method used f o r the former workers appeared to be the simplest 

and, therefore, the present worker c a r r i e d out the r e a c t i o n between 

heptafluoro-2-iodopropane and potassium hydroxide i n acetone i n a 

sealed glass tube at room temperature. This reaction was exothermic 

and was complete a f t e r t h i r t y minutes. The only v o l a t i l e product, 

2H-heptafluoropropane, was i s o l a t e d i n good y i e l d (75/^) by large scale 

V.P ,C. 

This r e a c t i o n i s almost c e r t a i n l y i o n i c , the i n i t i a l i o n i s a t i o n 

of the heptafluoro-2-iodopropane being as f o l l o w s 

CP^ -CPI-CF^ ^==* CF^CFCF^ + I * 
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Coupling Reaction. 

Hauptschein and h i s co-workers^'^^^^' ̂'̂ ^̂  have developed the 

method of coupling iodofluoroalkanes w i t h u l t r a v i o l e t l i g h t i n the 

presence of mercury, so that primary or secondary iodides of the 

type Rf I or RfCH^CF^I (Rf p e r f l u o r o a l k y l group) can be coupled 

q u a n t i t a t i v e l y 

Hg-r 2RfI —»Rf - Rf+ Hgl 
2 

Heptafluoro-2-Z)dopropane was reacted under s i m i l a r conditions 

and a f t e r three days i r r a d i a t i o n an almost q u a n t i t a t i v e y i e l d of 

tetra d e c a f l u o r o - 2 , 3-dimethylbutane was obtained-
CF^ CF^ 

2 CP,-CPI-CF^* Hg > \ F - GF + Hgl^ 

GP^ CF^ 

Reaction w i t h Sulphur. 

This followed e s s e n t i a l l y the procedure adopted by Hauptschein 

and Grosse^^^^ who reacted heptafluoro-l-iodopropane w i t h sulphur i n 

a sealed glass vessel heated to 250*̂  f o r fourteen hours. The products 

obtained were iodine ( 9 6 ^ ) , heptafluoro-n-propyl disulphide 

(CP^-CF^-CF^-S'S-CF^-CF^'CF^) (47fi) b,p. 122.2^ , 

heptafluoro-n-propyl trisulphide(CF^-GF2-CP2*S-S*S*GF2'CP2-CF^)(l8.7^) 

b.p. 153^, and some suspected heptafluoro n propyl monosulphide which 

was not characterised but was thought to b o i l i n the region of 90°. 

The i n f r a r e d spectra of the di-and t r i s u l p h i d e s were almost i d e n t i c a l . 

The r e a c t i o n between heptafluoro-2-iodopropane and sulphur i n a 

sealed tube heated to 243° f o r t h i r t e e n hours yielded heptafluoroisor^ropyl 
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monosulphide ( l ) {nfo) b.p. 116^, heptaf lu o r o i s o p r o p y l d i s u l p h i d e ( 2 ) 

( 3 6 ^ ) b.p. 119*^j and heptafluoroisopropyl t r i s u l p h i d e ( 3 ) ( l 8 . 5 ^ ) 

b.p. 150^. 

GP^ CF, CF^ CF„ 

CF - S - CP : CF - S - S - CP 
/ \ / \ 

CF^ GF^ CP^ CP^ 

( 1 ) (2) 

GF CP, 
^ \ / ^ 

C F - S - S - S - C F 
/ \ 

GF_ CF„ 
3 3 

( 3 ) 

These products were separated by preprative scale V.P.C- as was some 

unreacted heptafluoro-2-iodopropane which showed th a t a conversion o f 

92.5/^ had been achieved. The i n f r a r e d spectra of the d i and t r i s u l p h i d e s 

were very s i m i l a r . 

The r e l a t i v e l y low y i e l d of products i s o l a t e d (65.5/^) was mainly 

due to mechanical losses i n the working up procedure, and probably 

p a r t l y due to the formation of i n v o l a t i l e polysulphides; s i m i l a r losses 

were experienced by Hauptschein and Crosse. 
( 8 5 ) 

Hauptschein, Braid and Lawlar found that the secondary iodide 

tridecafluoro-2-iodohexane and also 1 , 2 - d i c h l o r o - l - i o d o t r i f l u o r o e t h a n e 

both reacted w i t h sulphur i n a s i m i l a r manner to h e p t a f l u o r o - l -

iodopropane but at a lower temperature (l80°). 

No r e a c t i o n occurred, however, between heptafluoro-2-iodopropane 

and sulphur when they were heated together at 185*^ f o r f i f t e e n hours. 

I t appears, therefore, t h a t the ease of rea c t i o n of heptafluoro-2-
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iodopropane w i t h sulphur i s very s i m i l a r to that of h e p t a f l u o r o - l -

iodopropane. 

Reaction with Zinc; Preparation and Hydrolysis of 2-Heptafluoropropylzinc 
i o d i d e . 

The method of L i l l e r , Bergman and Fainberg^'''"^^^ who prepared 

1-heptafluoropropylzinc iodide from heptafluoro-l-iodopropane and 

zinc dust i n dioxane, was adopted. The solvent was p u r i f i e d r i g o r o u s l y 
( 9 7 ) 

since the presence of peroxides have been found to i n h i b i t the reactions 

The r e a c t i o n between heptafluoro-2-iodopropane and zinc dust i n 

dioxane proceeded i n a s i m i l a r manner to the r e a c t i o n described by 

L i l l e r et al.^"'"''"^^ Small amounts of hexafluoropropene and 2H-heptafluoro-

propane were formed i n the i n i t i a l preparation of the 2-heptafluoro­

propylzinc i o d i d e , whereas M i l l e r and h i s co-workers, i n t h e i r r e a c t i o n , 

obtained only IH-hentafluoropropane v/hich they a t t r i b u t e d to r a d i c a l 

abstractions of a hydrogen atom from the solvent by perfluoro-n-propyl 

r a d i c a l s . Chambers^''"^^^ has repeated t h i s r e a c t i o n c a r r i e d out by 

K i l l e r et a l . and observed the formation of a sir.'ilar amount of hexa-

fluoropropene (together w i t h some IH-heptafluoropropane) to tha t 

obtained by the present worker using heptafluoro-2-iodopropane. The 

formation of t h i s o l e f i n i s obviously v i a e l i m i n a t i o n of zinc f l u o r i d e . 

Hydrolysis of the 2-heptafluoropropylzinc iodide using sodium 

hydroxide gave 2H-heptafluoropropane (46.5^); Chambers obtained 

IH-heptafluoropropane (51^). K i l l e r et a l . obtained IH-heptafluoro­

propane ( 7 7 ^ ) by a sirr,ilar h y d r o l y s i s , but these l a t t e r workers c a r r i e d 

out the r e a c t i o n on a much larger scale than Chambers and the present 

worker. 
No reactions of 2-heptafluoropropylzinc iodide were attempted, due 
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to K i l l e r et a l . f i n d i n g t h a t 1-heptafluoropropylzinc iodide was 

r e l a t i v e l y unreactive. 

Preioaration and Reactions of 2-Heptafluoropropylmaf,'nesium Bromide_. 

The usual method of preparing p e r f l u o r o a l k y l Grignard reagents 

has been to react the corresponding iodide d i r e c t l y w i t h magnesium 

(see I n t r o d u c t i o n ) . The drawbacks to t h i s method are the necessity 

of using absolutely pure reactants, and the r e l a t i v e l y high temperature 

(approximately -20^^) required to allow the reaction to proceed. I t 

was thought that the 2-heptafluoropropyl Grignard reagent would be 

less stable w i t h respect to decomposition to magnesium f l u o r i d e and 

hexafluoropropene, than the 1-heptafluoropropyl Grignard reagent; t h i s 

might therefore cause spontaneous decomposition at -20^- This assumption 

of the i n s t a b i l i t y of the 2-heptafluoropropyl Grignard reagent was 

based on the w e l l known f a c t t h a t i s o p r o p y l l i t h i u m eliminates l i t h i u m 

hydride more r e a d i l y than n - p r o p y l l i t h i u m . 

The method of HcBee and h i s co-workers^"'"'^^^ was therefore adopted 

whereby the p e r f l u o r o a l k y l Grignard reagent was formed by an exchange 

at low temperature between the p e r f l u o r o a l k y l iodide and phenylmagnesium 

bromide. The s i m p l i c i t y of t h i s method and i t s accomplishment at low 

temperatures where the product p e r f l u o r o a l k y l Grignard reagent i s 

quite stable, are obvious advantages over the other method i n v o l v i n g 

the p e r f l u o r o a l k y l i o d i d e and magnesium. 

The r e a c t i o n was c a r r i e d out at e i t h e r -40° or -78° by slowly 

mixing heptafluoro-2-iodopropaneand phenylmagnesium bromide at one of 

these temperatures, using d i e t h y l ether as solvent. Reactions of 

2-heptafluoro mangesium bromide, however, were u s u a l l y c a r r i e d out by 
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mixing the three reagents; heptafluoro-2-iodopropane,phenylmagnesium 
bromide and the other reactant, simultaneously; the exchange re a c t i o n 
between the f i r s t two appeared to occur i n preference to d i r e c t reaction 
between phenylmagnesium bromide and the other reactant (acetone ol? 
propionaldehyde) thus making t h i s procedure of r e a c t i o n possible. 
Reaction w i t h Ethanol. 

There i s no mention i n the l i t e r a t u r e of the hy d r o l y s i s or 

ethanolysis of any p e r f l u o r o a l k y l Grignard reagent. 

rhe r e a c t i o n of 2-heptafluoropropylmagnesium bromide w i t h ethanol 

was accomplished by f i r s t l y forming the Grignard reagent at -78° and 

than adding ethanol at t h i s temperature; hexaf luoropropene {l&fo) and 

2H-heptafluoropropane (9^) were formed and were separated by preprative 

scale V.P.C. This ethanolysis r e a c t i o n was p r e f e r r e d to h y d r o l y s i s 

because of the low temperature at which the r e a c t i o n was c a r r i e d out 

when water would quickly freeze. Also i t was thought that the mil d 

reaction w i t h ethanol might not lead to the formation of "hot spots" 

i n the r e a c t i o n mixture which would then lead t o decomposition of the 

Grignard reagent. I t appears, however, that ethanol has very l i t t l e 

r e a c t i o n , i f any, wi t h the 2-heptafluoropropyl Grignard reagent; the 

l a t t e r appears to decompose to hexafluoropropene i n preference to 

r e a c t i n g w i t h ethanol. Possibly the 2H-heptafluoropropane was formed 

by r a d i c a l a b s t r a c t i o n of a hydrogen atom from the solvent by a 

p e r f l u o r o i s o p r o p y l r a d i c a l as stated by Haszeldine^"^^^^ (see i n t r o d u c t i o n ) , 

and not by r e a c t i o n of 2-heptafluoropropyl magnesium bromide w i t h 

ethanol. 
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Reaction w i t h Acetone. 

Pierce, Keiner and McBeê "̂ ''"̂ ^ reacted 1-heptafluoropropylmagnesium 

bromide wi t h acetone by mixing he-ctafluoro-l-iodonropane, phenyl-

megnesium bromide and acetone i n ether s o l u t i o n at 0 ° ; 3*3,4,4,5.5,5-

heptafluoro-2-methylpentan-2-ol ( l ) {65% y i e l d ) b.p. 107 - 108° was 

obtained by d i s t i l l a t i o n a f t e r h y d r o l y s i s of the re a c t i o n mixture. 

CH_ OH CH, OH 
C ^ C 

CH^ CF^-GP^CF^ CĤ  CF(CP^)^ 

( 1 ) ( 2 ) 

A s i m i l a r r e a c t i o n w i t h pentafluoroiodoethane c a r r i e d out at -78° 

res u l t e d i n a 38?̂  y i e l d of the corresponding alcohol, 3,3,4,4,4-

pent af luoro-2-methylbut an-2-ol, ̂  ^̂  
( 1 2 7 ) 

Heyes and Kusgrave working i n t h i s laboratory used t h i s 

procedure at 0 ° w i t h heptafluoro-2-iodopropane, and obtained the 

corresponding alcohol i n a p p r o x i i L . a t e l y 35/̂  y i e l d . The present worker 

car r i e d out t h i s r e a c t i o n at -78° i n an attempt to improve the y i e l d 

and completely characterise the product; again a 35^ y i e l d of 

3 , 4 , 4 , 4 - t e t r a f l u o r o - 2 - m e t h y l - 3 - t r i f l u o r o m e t h y l b u t a n - 2 - o l ( 2 ) was 

obtained, which had i n f r a r e d absorptions at 3635(l^) and 3472(s) cms""̂  

c h a r a c t e r i s t i c of OH s t r e t c h i n g frequencies, and at 3 0 2 1 ( M ) 2 9 5 0 ( ¥ ) 

and 2899 (w) cms ^ c h a r a c t e r i s t i c of CH s t r e t c h i n g frequencies^ "̂ ^̂ .̂ 

This compound was i s o l a t e d by preprative scale V.P.C. as was iodobenzene; 

the amount of the l a t t e r obtained accounted f o r 69.5?^ of the 

heptafluoro-2-iodopropane, 
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Reaction w i t h Propionaldehyde. 

The low y i e l d obtained i n the r e a c t i o n w i t h acetone led to a 

compromise of temperature being t r i e d f o r t h i s r e a c t i o n . Using the 

same procedure as with the acetone r e a c t i o n at a "mixing" temperature 

of -40^ to - 5 0 ° , a 17.5:?̂  y i e l d of 1 ,1 ,1 , 2 - t e t r a f l u o r o - 2 - t r i f l u o r o -

methylpentan-3-ol(A) was obtained which had i n f r a r e d absoptions at: 

3704(W), 3623(M), 3448(s) cms""̂ ; and 2994(MS), 2959(M), 2890(w) cms"-*-

which confirmed the presence of O H and 0)i^'^^^\ 

O H 
/ 

G H ^ - C H ^ - C H 

G F C G F ^ ) ^ 

A , 

Haszeldine^*^^'^^ obtained the corresponding secondary alcohol 

from 1-heptafluoropropylmagnesium iodide i n A59^ y i e l d using the di r e c i 

method of formation of the Grignard reagent from h e p t a f l u o r o - , 1 -

iodopropane and magnesium, 

KcBee and h i s co-workers^''"''"115) carry out any reactions 

w i t h propionaldehyde but obtained only moderate y i e l d s o f the 

corresponding alcohols from reaction between 1 - h e p t a f l u o r o p r o p y l ­

magnesium bromide and acetaldehyde and butraldehyde, (30^ )̂ and (40^) 

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

Preparation and Reactions of 2-Heptafluoropro.pyl Lithium, 

The preparation of t h i s l i t h i u m reagent was c a r r i e d out a f t e r 
(97) 

the method o f Pierce, McBee and Judd^ These workers used an 

exchange r e a c t i o n at low temperatures (-40*^ to -78°) between methyl 

l i t h i i i m and heptafluoro-l-iodopropane as i n the preparation of the 
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Grignard reagent. Also, as i n t h i s Grignard reagent p r e p a r a t i o n , 
r e a c t i o n s o f 1 - h e p t a f l u o r o p r o p y l l i t h i u m were c a r r i e d out by m i x i n g 
a l l the r e a c t a n t s ; h e p t a f l u o r o - l - i o d o p r o p a n e , methyl l i t h i u m and o t h e r 
r e a c t a n t , s i m u l t a n e o u s l y i n e t h e r s o l u t i o n at a low temperature. Again 
the a l k y l l i t h i u m underwent the exchange r e a c t i o n i n p r e f e r e n c e t o 
d i r e c t r e a c t i o n w i t h t:he o t h e r r e a c t a n t (acetone o r p r o p i o n a l d e h y d e ) , 
thus making t h i s procedure p o s s i b l e . 

K i l l e r and Kim̂ "''̂ '''̂  c a r r i e d out s i m i l a r r e a c t i o n s u s i n g v a r i o u s 

p o l y h a l o a l k a n e s and found t h a t n - b u t y l l i t h i u m exchanged l i t h i u m f o r 

halogen much more e f f i c i e n t l y than methyl l i t h i u m . The present worker, 

t h e r e f o r e , used n - b u t y l l i t h i u m f o r the f o l l o w i n g r e a c t i o n s , except 

i n one case when the 1-iodobutane produced by the exchange i n t e r f e r e d 

w i t h the p u r i f i c a t i o n o f the main product from the r e a c t i o n . 

P r e p a r a t i o n and Decomposition. 

2 - H e p t a f l u o r o p r o p y l l i t h i u m was prepared i n pentane s o l u t i o n by 

m i x i n g n - b u t y l l i t h i u m and heptafluoro-2-iodopropane at -TS*̂ . On 

warming t o room temperature t h i s decomposed q u a n t i t a t i v e l y t o 

hexafluoropropene w i t h the e l i m i n a t i o n o f l i t h i u m f l u o r i d e . 
( 9 7 ) 

Phis emulated the f i n d i n g o f Pierce et a l . who s i m i l a r l y had 

o b t a i n e d a q u a n t i t a t i v e y i e l d o f hexafluoropropene from the decomposition 

o f 1 - h e p t a f l u o r o p r o p y l l i t h i u m . 

H y d r o l y s i s and E t h a n o l y s i s . 

P i e r c e et a l , ^ ^ ' ^ ^ on a l l o w i n g 1-heptaf l u o r o p r o p y l l i t h i u m t o 

warm t o 0^ and t h e n h y d r o l y s i n g with^N s u l p h u r i c a c i d , o b t a i n e d a 9 9 ^ 

y i e l d o f I H - h e p t a f l u o r o p r o p a n e . 

This procedure was repeated w i t h 2 - h e p t a f l u o r o p r o p y l l i t h i u m at 
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o 

"10 , u s i n g e i t h e r pentane or e t h e r as s o l v e n t , but i n e i t h e r case 

o n l y hexafluoropropene {SSfo y i e l d ) was o b t a i n e d . 

Treatment o f the c o l d r e a c t i o n m i x t u r e (kept at - 7 8 ° ) >dth e t h a n o l 

produced again o n l y hexafluoropropene (61%), A m o d i f i c a t i o n o f t h i s , 

u s i n g e t h e r as s o l v e n t and t r e a t i n g the c o l d r e a c t i o n m i x t u r e w i t h a 

c o l d m i x t u r e o f e t h e r and e t h a n o l , again produced o n l y h e x a f l u o r o ­

propene ( 6 5 ^ ) . 

I t was thought t h a t the use o f e t h a n o l which formed a homogenous 

m i x t u r e w i t h the o t h e r r e a c t a n t s might undergo a c o n t r o l l e d r e a c t i o n 

w i t h 2 - h e p t a f l u o r o p r o p y l l i t h i u m thus e l i m i n a t i n g decomposition o f the 

l a t t e r by what might have been a too v i g o r o u s r e a c t i o n w i t h water. 

I t now seems probable, however, t h a t 2 - h e p t a f l u o r o p r o p y l l i t h i u m 

decomposes t o hexafluoropropene and l i t h i u m f l u o r i d e b e f o r e i t reaches 

a temperature at which any a p p r e c i a b l e r e a c t i o n w i t h e t h a n o l o c c u r s . 

I t a l s o ap-^ears t h a t 2-heptaf l u o r o p r o p y l l i t h i u m e l i m i n a t e s l i t h i u m 

f l u o r i d e at a lower temperature than 1 - h e p t a f l u o r o p r o p y l l i t h i u m s i n ce 

o n l y hexafluoropropene was o b t a i n e d from treatment w i t h s u l p h u r i c 

a c i d at -10*^; t h i s decomposition most p r o b a b l y occurs below -10°. 

This i s comnatable w i t h normal and i s o p r o p y l l i t h i u m where l i t h i u m 

h y d r i d e i s e l i m i n a t e d from the l a t t e r much more r e a d i l y than from the 

former. 
Reaction w i t h Propionaldehyde. 

(97) 

P i e r c e et a l . r e a c t e d 1 - h e p t a f l u o r o p r o p y l l i t h i u m m t h p r o p i o n a l d e ­

hyde at -40° by the procedure a l r e a d y discussed and o b t a i n e d 4,4,5,5, 

6,6,6-heptafluorohexan-3-ol ( l ) i n 77^ y i e l d ; t h i s was the best y i e l d 

from any r e a c t i o n o f 1 - h e p t a f l u o r o p r o p y l l i t h i u m attempted by these 
workers. 
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OH OH 
/ / 

CH^CH-GH C H „ G H ^ G H 

CF^-CF^CF^ G F ( C F ^ ) 2 

( 1 ) ( 2 ) 

The present worker f o l l o w e d t h i s procedure u s i n g h e i ^ t a f l u o r o - 2 -

iodopropane as a source o f 2 - h e p t a f l u o r o p r o p y l l i t h i u m ; a temoerature 

o f -78° was used i n o r d e r t o t r y t o prevent any decomposition o f the 

l i t h i u m reagent t o hexafluoropropene. A f t e r h y d r o l y s i s o f the r e a c t i o n 

m i x t u r e w i t h 3N s u l p h u r i c a c i d f o l l o w e d by f r a c t i o n a l d i s t i l l a t i o n , 

impure 1 , 1 , 1 , 2 - t e t r a f l u o r o - 2 - t r i f l u o r o m e t h y l p e n t a n - 3 - o l ( 2 ) 

( a p p r o x i m a t e l y 5^^ y i e l d ) was o b t a i n e d and was c h a r a c t e r i s e d by i t s 

almost i d e n t i c a l i n f r a r e d spectrum t o t h a t o f ( 2 ) obtained from the 

r e a c t i o n between propionaldehyde and 2-heptafluoropropylmagnesium 

bromide- The s l i g h t d i f f e r e n c e between the two i n f r a r e d s p e c t r a i s 

undoubtedly due to the d i f f e r e n c e i n f i l m t h i c k n e s s used t o r e c o r d 

them. The i m p u r i t y i n ( 2 ) could not be removed by V.P.C. since they 

b o t h had almost the same r e t e n t i o n time ( a peak w i t h an i n f l e c t i o n was 

o b t a i n e d ) . This i m p u r i t y was p r o b a b l y some n o n - f l u o r i n e c o n t a i n i n g 

compound since i t lowered the f l u o r i n e a n a l y s i s w i t h o u t showing any 

e x t r a bands i n the i n f r a r e d spectrum; f l u o r i n e c o n t a i n i n g compounds 

u s u a l l y have v e r y s t r o n g a b s o r p t i o n bonds i n the i n f r a r e d spectrum at 

r e l a t i v e l y low c o n c e n t r a t i o n s . A conversion o f 71'A of the h e p t a f l u o r o -

2-iodopropane was o b t a i n e d , which was a h i g h e r value than t h a t o b t a i n e d 

by P i e r c e et a l . ( 5 0 ^ ) . Formation o f hexafluoropropene and a l d o l 

condensation type p r o d u c t s must have accounted f o r the l i t h i u m reagent 

not converted t o ( 2 ) . 
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Heaction w i t h Acetone. 
( 9 7 ) 

P i e r c e et a l . c a r r i e d out t h i s r e a c t i o n v:ith 1 - h e p t a f l u o r o ­

p r o p y l l i t h i u m at - 7 4 ^ , and o b t a i n e d on h y d r o l y s i s and d i s t i l l a t i o n 

5 , 3 , 4 , 4 , 5 , 5 , 5 - h e p t a f l u o r o - 2 - m e t h y l p e n t a n - 2 - o l (29^) and m e s i t y l oxide 

An exact r e p e t i t i o n o f t h i s r e a c t i o n u s i n g h e p t a f l u o r o - 2 - i o d o p r o p a n e 

as a source o f 2 - h e p t a f l u o r o p r o p y l l i t h i u m gave 3 , 4 , 4 , 4 - t e t r a f l u o r o - 2 -

m e t h y l - 3 - t r i f l u o r o m e t h y l b u t a n - 2 - o l ( l 3 ^ ) and m e s i t y l oxide ( l 9 . 5 ^ ) ; 

these two products were i s o l a t e d by p r e p r a t i v e s c ale V.P.C. 

The f o r m a t i o n of m e s i t y l oxide o r any s i m i l a r p r o duct, by an 

a l d o l condensation type o f r e a c t i o n induced by a l i t h i u m reagent i s 

so f a r i s o l a t e d t o 1 and 2 - h e p t a f l u o r o p r o p y l l i t h i u m r e a g e n t s . 

Summ ary. 

The y i e l d s o f a l c o h o l s from the r e a c t i o n s o f acetone and p r o p i o n ­

aldehyde w i t h 2 - h e p t a f l u o r o p r o p y l l i t h i u m and G r i g n a r d reagents are 

lower than those d e s c r i b e d i n the l i t e r a t u r e f o r the corresponding-

r e a c t i o n s o f 1 - h e p t a f l u o r o p r o p y l l i t h i u m and G r i g n a r d r e a g e n t s . T h i s 

i s p r o b a bly due p a r t l y t o the i n c r e a s e d i n s t a b i l i t y o f the i s o p r o p y l 

reagent over the n - p r o p y l one, and p a r t l y because the present worker 

c a r r i e d out the r e a c t i o n s on a much s m a l l e r scale than those performed 

by i'lcbee and h i s co-workers. 

Future Work. 

Several o t h e r r e a c t i o n s of these 2 - h e p t a f l u o r o p r o p y l l i t h i u m and 

Grignard reagents need t o be i n v e s t i g a t e d e.g. r e a c t i o n s w i t h acetaldehyde, 

b u t r a l d e h y d e , a c e t y l c h l o r i d e , acetophenone, benzophenone, carbon d i o x i d e 

d i e t h y l d i c h l o r o s i l a n e and t r i m e t h y l c h l o r o s i l a n e e t c . 
The decomposition o f the G r i g n a r d reagent and i t s r e a c t i o n w i t h 
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oxygen a l s o r e q u i r e s i n v e s t i g a t i o n . The l a t t e r should p r o v i d e a 

r o u t e t o he x a f l u o r o a c e t o n e . 

O F . 

CF. 

CF. 

GF. 

^ CFMgBr* 4-0. 

CF-0-MgBr+ Ĥ O 

CF, 

CF 
CF-O-KgBr 

CF. 

G F 

CFOH 

CF. 

CF 

MgBr(OH) 

C = 0 + HF 

REACTIONS OF FLUOROCARBON IODIDES AJVTD CHLORIDES WITH n-BUTYL LITHITO 

Remarkably few r e a c t i o n s between f l u o r o c a r b o n h a l i d e s and a l k y l 

l i t h i u m s have been recorded, but i n those i n v e s t i g a t e d i t has been 

c o n s i s t e n t l y shown t h a t c h l o r i n e , bromine and i o d i n e are r e a d i l y 

r e p l a c e d by l i t h i u m a t low temperatures. The f l u o r o c a r b o n l i t h i u m 

so formed has then decomposed a t a h i g h e r temperature w i t h the 

f o r m a t i o n o f l i t h i u m f l u o r i d e and the corresponding f l u o r o - o l e f i n . 
(97) 

jMcbee and co-workers s t u d i e d the r e a c t i o n o f methyl l i t h i u m w i t h 

h e p t a f l u o r o - l - i o d o p r o p a n e and t r i f l u o r o i o d o m e t h a n e at -78^; t h e 

former on warming t o room temperature gave, as expected, l i t h i u m 

f l u o r i d e and hexafluoropropene. T r i f l u o r o i o d o i n e t h a n e , however, 

appeared t o exchange i o d i n e f o r l i t h i u m and then e l i m i n a t e f l u o r i d e 

t o form d i f l u o r o c a r b e n e . Some evidence f o r t h i s e l i m i n a t i o n was 

pr o v i d e d i n the f o r m a t i o n o f some t e t r a f l u o r o e t h y l e n e from t h e c o u p l i n g 

o f two d i f l u o r o c a r b e n e r a d i c a l s , but the m a j o r i t y o f the l a t t e r must 
have r e a c t e d w i t h the s o l v e n t and o t h e r compounds present t o form 
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s e v e r a l u n i d e n t i f i e d p r o d u c t s . 

M i l l e r and Kim̂ "̂ "̂'"̂  performed s i m i l a r r e a c t i o n s between n - b u t y l 

l i t h i i u n and bromotrichloromethane, carbon t e t r a c h l o r i d e , t r i c h l o r o -

iodomethane and carbon t e t r a b r o m i d e at low temperatures. The 

decomposition o f the product then produced dihalocarbenes and l i t h i i i m 

h a l i d e ; t h e former being r e a c t e d d i r e c t l y w i t h cyclohexene g i v i n g 

e x c e l l e n t y i e l d s o f norcarane d e r i v a t i v e s . These workers also showed 

t h a t n - b u t y l l i t h i u m exchanged more e f f i c i e n t l y than methyl l i t h i u m . 
(59) 

Dixon i n v e s t i g a t e d s e v e r a l r e a c t i o n s on the a d d i t i o n of a l k y l 

and l i t h i u m s t o f l u o r i n a t e d o l e f i n s at lovf temperatures, which on 

warming decomposed with r espect t o l i t h i u m f l u o r i d e and an o l e f i n . 

RLi + GF^iGF^ > CF^R^CF^Li > RGFiCF^* L i F 

I t was decided t h e r e f o r e t o extend these types o f r e a c t i o n s f o r the 

s p e c i a l purpose o f producing f l u o r o - o l e f i n s from f l u o r o c a r b o n h a l i d e s , 

the r e s u l t s are sumj.iarised i n the f o l l o w i n g t a b l e , a l l r e a c t i o n s b e i n g 

performed at -78°. 
Fluorocarbon h a l i d e . Ro. o f K o l s . o f P r o d u c t ( s ) (^/c Y i e l d ) 

( l mo1.1 n BuLi 

1 ^^^^ 

GF^GFIGF^ 1 C^Fg (75-5) 

CF^I-GF^I 2 G^F^ (87) 

CF^I-CF^Cl 2 G^F^ (78) 

C^F^Cl ( t r a c e ) 

CF^Cl-CPGl^ 2 C^F^Cl (78.5) 

CF^(CF2Cl)CF-CF(GF^Gl)CF^ 2 GF^(GP^Gl)CF-G:GF2(CF^) (22) 
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Fluorocarbon h a l i d e Uo. o f Mols. o f P r o d u c t ( s ) {j--- Y i e l d ) 
( 1 mo1.j n BuLi 

C y c l i c - C ^ C l ^ F ^ ^ 2 ^VlO ^̂ ^̂ ^̂ ^ 

1 : 3 C , F Q ( t r a c e ) 
6 o 

l:4CgFQ ( t r a c e ) 

CgFgCl ( 1 5 . 5 ) 

Two c o n c l u s i o n s may be drawn from t h i s summary: 

a. ) G e n e r a l l y o n l y one halogen i s r e p l a c e d by l i t h i u m d e s p i t e t h e r e 

b e i n g two r e p l a c e a b l e halogens and two e q u i v a l e n t s o f n - b u t y l l i t h i u m 

p r e s e n t , 

b. ) L i t h i u m h a l i d e i s e l i m i n a t e d i n preference t o l i t h i u m f l u o r i d e . 

P e n t a f l u o r o i o d o e t h a n e . 

Formation of p e n t a f l u o r o e t h y l l i t h i u m appeared to take place at 

low temperatures; t h i s t h e n decomposed r e a d i l y at a h i g h e r temperature 

l i b e r a t i n g l i t h i u m f l u o r i d e and an almost t h e o r e t i c a l amounf; o f 

t e t r a f l u o r o e t h y l e n e . Evidence f o r the i n i t i a l f o r m a t i o n o f p e n t a f l u o r o -

e t h y l l i t h i u m was p r o v i d e d by the f o r m a t i o n o f n - b u t y l i o d i d e , which 

can o n l y have come from a l i t h i u m - i o d i n e exchange. Attempted h y d r o l y s i s 

o f the l i t h i u m d e r i v a t i v e at -78^ r e s u l t e d o n l y i n the f o r m a t i o n o f a 

v e r y small q u a n t i t y o f p e n t a f l u o r o e t h a n e w i t h again an almost t h e o r e t i c a l 

amount of t e t r a f l u o r o e t h y l e n e . This h y d r o l y s i s was c a r r i e d out i n the 

presence o f e t h a n o l so as t o make the r e a c t i o n m i x t u r e homogeneous, 

but i t appears t h a t a s i m i l a r r e a c t i o n occurred t o t h a t when 

1 - h e p t a f l u o r o p r o p y l l i t h i u m was t r e a t e d w i t h e t h a n o l at - 7 8 ° f o r m i n g 

hexafluoropropene i n q u a n t i t a t i v e y i e l d . I t appears, t h e r e f o r e , t h a t 

p e n t a f l u o r o e t h y l l i t h i u m i s more s u s c e p t i b l e t o decomposition t h a n 
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reacting i r i t h vater or ethanol. 

Heptaf luoro-2-iodoproT)ane. 

Preparation of 2-heptafluoropropyl lithium, and i t s decomposition 

and various other reactions are discussed elswhere. 

T e t r a f l u o r o - l . 2-diiodoethane. 

A s e r i e s of reactions between t e t r a f l u o r o - l , 2-diiodoethane and 

n-butyl lithium were performed i n an attempt to replace both the 

iodine atoms by lithium; i t was thought that t h i s might then eliminate 

two molecules of li t h i u m f l u o r i d e , r e s u l t i n g i n the formation of the 

hitherto unknown difluoroacetylene. 

The f i r s t two reactions, performed i n pentane at -78° r e s u l t e d 

i n the immediate decomposition of the tetrafluoro-2-iodoethyl l i t h i u m 

compound o r i g i n a l l y formed, into tetrafluoroethylene and lithium iodide. 

A s i m i l a r reaction at -90° gave the same r e s u l t s , showing that the 

decrease i n temperature had not s t a b i l i s e d the monolithium deriv a t i v e 

s u f f i c i e n t l y to introduce a second lithium atom. An e f f o r t was made 

to carry out t h i s l a t t e r e f f e c t by using two strong donor solvents: 

tetrahydrofuran at -78° and -90*^ and ethyleneglycoldimethylether at 

-78°. I n both of these reactions very l i t t l e tetrafluoroethylene was 

a c t u a l l y evolved, but a n a l y t i c a l V.P.G. showed that a considerable 

amount, roughly the t h e o r e t i c a l y i e l d , remained i n solution. The 

white p r e c i p i t a t e formed during the reaction was completely dissolved 

by the addition of water, thus showing that no lithium fluoride had 

been eliminated, and, therefore, no d i l i t h i u m compound formed since 

t h i s would undoubtedly eliminate lithium f l u o r i d e . 
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1 - C h l o r o t e t r a f l u o r o - 2 - i o d o e t h a n e . 

This r e a c t i o n was c a r r i e d out at -90° i n pentane s o l u t i o n , when 

i t was hoped t h a t l i t h i u m - i o d i n e exchange would i n i t i a l l y take p l a c e , 

and t h e compound formed would be more s t a b l e to l i t h i u m c h l o r i d e 

e l i m i n a t i o n t h a n the corresponding one i n the p r e v i o u s r e a c t i o n was 

t o l i t h i u m i o d i d e e l i m i n a t i o n . {"his s u p p o s i t i o n was u n r e a l i s e d when 

t e t r a f l u o r o e t h y l e n e was o b t a i n e d i n good y i e l d , and o n l y l i t h i u m 

c h l o r i d e was e l i m i n a t e d . 

1 , l y 2 - t r i c h l Q r o t r i f l u o r o e t h a n e . 

Treatment o f t h i s compound w i t h two mols. o f n - b u t y l l i t h i u m 

s o l u t i o n i n pentane, r e s u l t e d i n the replacement o f one c h l o r i n e by 

l i t h i u m , f o l l o w e d by l i t h i u m c h l o r i d e e l i m i n a t i o n and f o r m a t i o n o f 

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 78^ y i e l d . T h i s r e a c t i o n i n v o l v e d t h e 

disappearance o f r a t h e r more than h a l f o f the n - b u t y l l i t h i u m but t h i s 

c o u l d be e x p l a i n e d by the a d d i t i o n o f some of the l a t t e r t o the 

c h l o r o t r i f l u o r o e t h y l e n e , f o l l o w e d by l i t h i u m f l u o r i d e e l i m i n a t i o n , 
(59) 

Dixon a c t u a l l y performed such a r e a c t i o n by m i x i n g the r e a c t a n t s 

a t a low temperature, and t h e n warming t o a l l o w t h e adduct t o de­

compose t o 1 - c h l o r o - l , 2 - d i f l u o r o h e x - l - e n e i n 60^ y i e l d . I t seems, 

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

r e a c t i n t h i s manner i n t h i s r e a c t i o n between n - b u t y l l i t h i u m and 

1 - c h l o r o t e t r a f l u o r o - 2 - i o d o e t h a n e i n pentane s o l u t i o n . Dixon, however, 

used e t h e r as a s o l v e n t , the donor p r o p e r t i e s o f which probably a i d s 

the a d d i t i o n o f a l k y l l i t h i u m s t o f l u o r o - o l e f i n s v i a a n u c l e o p h i l i c 
mechanism. RLi ». R" + L i * 

8- _ Li+ 
'2'CFCl ' ....^ R~̂  §F^^FC1 — * R-CF^-CFCl • RCF^-CPClLi 
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Summary. 

I t has been shown from the i n v e s t i g a t i o n o f the r e a c t i o n s o f 

n - b u t y l l i t h i u m w i t h t e t r a f l u o r o - l , 2-diiodoethane, 1 - c h l o r o t e t r a f l u o r o -

2-iodoethane and 1 , 1 , 2 - t r i c h l o r o t r i f l u o r o e t h a n e , t h a t a f t e r i n i t i a l 

f o n . a t i o n o f a monol i t h i u m compound, e l i m i n a t i o n o f l i t h i u m c h l o r i d e 

or i o d i d e occurs i m i i i e d i a t e l y even at -90°. 

Since i t was i m p o s s i b l e t o replace two halogens on adjacent 

carbon atoms, the f o r m a t i o n o f d i l i t h i u m d e r i v a t i v e s f r o ; • the f o l l o w i n g 

two compounds was i n v e s t i g a t e d . 

(a) 1 , 4 - d i c h l o r o d o d e c a f l u o r o - 2 , 3-dimethylbutane. 

This was prepared by c o u p l i n g l - c h l o r o - 2 - i o d o h e x a f l u o r o p r o p a n e 

prepared from i o d i n e monochloride and hexafluoropropene^by i r r a d i a t i n g 

w i t h u l t r a v i o l e t l i g h t i n the presence o f mercury. T h i s r e a c t i o n 

produced 1 , 4 - d i c h l o r o d o d e c a f l u o r o - 2 , 3 - d i m e t h y l b u t a n e ( l ) i n e x c e l l e n t 

y i e l d ( 8 5 ^ ) . 

CF„ GF^ CF„ CP„ 
GF - CF CF - C 

GF^Gl GF^Gl CF^Gl CF^ 

I I I 

Treatment o f t h i s compound w i t h n - b u t y l l i t h i u m a t -78° r e s u l t e d 

o n l y i n the replacement o f one c h l o r i n e atom by l i t h i u m ; the pro d u c t 

then decomposed t o g i v e 4 - c h l o r o u n d e c a f l u o r o - 2 , 3 - d i m e t h y l b u t - l - e n e ( l l ) 

i n q_uite a low y i e l d - A t r a c e o f a more v o l a t i l e product was d e t e c t e d 

by a n a l y t i c a l V.P.G., but t h i s was not i n s u f f i c i e n t q u a n t i t y t o be 

c h a r a c t e r i s e d . I t i s p o s s i b l e , however, t h a t t h i s compound was the 

diene I I I formed by the replacement o f b o t h c h l o r i n e atoms by l i t h i u m . 
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CF- CF„ 3 ^ / 3 
C - C 

// ^ 
CF^ • CF^ 

I I I . 

The i n f r a r e d spectrum of I I had two a b s o r p t i o n s i n the double 

bond r e g i o n at 1748(s) and 1802(MW) cms""'"; the former i s o b v i o u s l y 

the C "CF^ s t r e t c h i n g frequency i n I I and the l a t t e r p o s s i b l y due 

to the presence of a t r a c e o f I I I . This i m p u r i t y was not i n 

s u f f i c i e n t q u a n t i t y t o i n f l u e n c e the a n a l y s i s , but perhaps the f a c t 

t h a t the i n f r a r e d spectrum wa s recorded on a gaseous sample meant 

t h a t t h i s sample was e n r i c h e d w i t h I I I ; I I I would o b v i o u s l y be more 

v o l a t i l e than I I . 

I t i s s i g n i f i c a n t t h a t a l l the n - b u t y l l i t h i u m r e a c t e d , thus 

i n d i c a t i n g t h a t q u i t e a l o t o f I I was probably l o s t by a "Dixon" type 
(59) 

a d d i t i o n o f the a l k y l l i t h i u m . 

The main purpose o f t h i s r e a c t i o n was t o make the diene I I I and, 

t h e r e f o r e , the obvious r e p e t i t i o n of the r e a c t i o n w i t h e q u i c o l a r 

p r o p o r t i o n s o f I and n - b u t y l l i t h i u m was not attempted. A r e a c t i o n 

w i t h these p r o p o r t i o n s should i n c r e a s e the y i e l d o f I I , s i n c e there 

should be no excess n - b u t y l l i t h i u m t o add t o the o l e f i n formed, 

(b) D i c h l o r o d e c a f l u o r o c y c l o h e x a n e . 

This r e a c t i o n was performed i n two d i f f e r e n t s o l v e n t s , heptane 

and pentane. The former f a c i l i t a t e d the i s o l a t i o n of v o l a t i l e products 

and the l a t t e r o f the i n v o l a t i l e ones. The i d e n t i f i c a t i o n from the 

r e a c t i o n i n heptane o f decafluorocyclohexene and o c t a f l u o r o c y c l o h e x a 

-1:3 and 1:4 - dienes, which were i s o l a t e d by p r e p r a t i v e s c a l e V.P.C. 

i s evidence f o r the replacement o f b o t h c h l o r i n e atoms by l i t h i u m . 
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(128) The d i c h l o r o d e c a f l u o r o c y c l o h e x a n e had p r e v i o u s l y been shown to 
c o n s i s t o f a m i x t u r e o f 1,2; 1,3; and 1,4 d i c h l o r o d r o a f l u o r o c y c l o h e x a n e s 
i n the p r o p o r t i o n s shown i n the f o l l o w i n g r e a c t i o n scheme, which 
e x p l a i n s the f o r m a t i o n o f the p r o d u c t s o b t a i n e d . 

34^0 F 

A ^ / c IFJ-Gl 

18fc F 

1. 

2. 

3-

The main v o l a t i l e p r o d u c t , however, was c h l o r o n o n a f l u o r o -

cyclohexene which was o b v i o u s l y formed by the replacement o f o n l y one 

c h l o r i n e i n these t h r e e isomers f o l l o w e d by e l i m i n a t i o n o f l i t h i u m 

f l u o r i d e . 

48^ 
l - G l 

4-

5. 

18^ 6 

The i n f r a r e d spectrum o f t h i s c h l o r o n o n a f l u o r o c y c l o h e x e n e 

(l.R.Spectrum Ko.28) showed two a b s o r p t i o n s at 1761(MS) and 170l(w) 

cms""^ i n the r e g i o n c h a r a c t e r i s t i c o f a double bond i n f l u e n c e d by 
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f l u o r i n e s u b s t i t u t i o n . I t can t h e r e f o r e be suggested t h a t the 

a b s o r p t i o n at 1761 cms"""'" i s due to 3-chlorononafluorocyclohexene and 

the one at 1701 cms""'" due t o 4-chlorononafluorocyclohexene, since 

the 3-chloro isomer i s present i n the g r e a t e r amount, as i s obvious 

from the above equations. 

The low y i e l d o f decafluorocyclohexene i n comparison t o 

chl o r o n o n a f l u o r o c y c l o h e x e n e i n d i c a t e s t h e occurrence o f e l i m i n a t i o n 

o f l i t h i \ i m f l u o r i d e as suggested i n 4 as w e l l as e l i a i i n a t i o n o f l i l i i u m 

c h l o r i d e , since t h e r e would not be s u f f i c i e n t c h l o r o n o n a f l u o r o c y c l o h e x e n e 

formed from 5 and 6 t o make up the p r o p o r t i o n s o f decafluorocyclohexene 

and c h l o r o n o n a f l u o r o c y c l o h e x e n e obtained from the r e a c t i o n , should 

4 go e n t i r e l y t o decafluorocyclohexene. 

I t would seem, however, f r o i i p r e v i o u s r e a c t i o n s discussed t h a t 

e l i D ) i n a t i o n o f l i t h i u m c h l o r i d e would occur at a lower temperature 

than e l i m i n a t i o n o f l i t h i u m f l u o r i d e . T h i s suggests t h a t 4 should 

g i v e e n t i r e l y decafluorocyclohexene. I n s u f f i c i e n t evidence i s a v a i l a b l e 

however, to s t a t e e x a c t l y what has o c c u r r e d i n t h i s r e a c t i o n . 

The r e a c t i o n i s pentane s o l u t i o n enabled less v o l a t i l e p r o d u c t s 

to be i s o l a t e d from t h i s r e a c t i o n , o n l y one o f these, however, c o n t a i n e d 

f l u o r i n e . This l a t t e r was i s o l a t e d by p r e p r a t i v e s c a l e V.P.C. and 

was found t o c o n t a i n no c h l o r i n e ; i t was also shown t o be u n s a t u r a t e d 

by i t s r e d u c t i o n o f potassium permanganate, and by the presence o f a 

s t r o n g a b s o r p t i o n i n the i n f r a r e d spectrum at 1739 cms""'" which i s o n l y 

s l i g h t l y lower than the a b s o r p t i o n r e g i o n ( l 7 4 5 - 1755 cms""'") g i v e n by 
(129) 

Burdon and Whiffen f o r the -CF "CF- s t r e t c h i n g frequency i n 

f l u o r o c y c l o h e x e n e s . The presence o f a n - b u t y l group i n t h i s m a t e r i a l 
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i s s t r o n g l y i n d i c a t e d by the presence o f a b s o r p t i o n s at 2874 and 2941 

cms ^ which are c h a r a c t e r i s t i c o f CH s t r e t c h i n g f r e q u e n c i e s t o be 

found i n such a group. "̂'"̂ ^̂  The f l u o r i n e anal./sis (F,47.2?0 and 

mo l e c u l a r weight (299) u n f o r t u n a t e l y do not c o i n c i d e w i t h any 

p a r t i c d a r compound and t h e r e f o r e t h i s m a t e r i a l i s p r o b a b l y a m i x t u r e 

o f compound. I t i s probable t h a t t h i s m a t e r i a l c o n t a i n s the f o l l o w i n g 

type o f coiupound (see equations) prepared by the a d d i t i o n o f n - b u t y l 

l i t h i u m t o a double bond i n the v a r i o u s v o l a t i l e u n s a t u r a t e d p r o d u c t s 

from t h i s r e a c t i o n , mentioned p r e v i o u s l y , f o l l o w e d by e l i m i n a t i o n o f 

l i t h i u m h a l i d e . 

CI 
Fl 

Fll ' C^HgLi 

01 
- L i 

L L i 

i - L i 

( F,57.0^; M.300) 

•» fF^ 

-̂G.H (F,51.55^o;K.266) 4 9 

Also products from the d i r e c t e l i m i n a t i o n o f l i t h i u m c h l o r i d e o r 

l i t h i u m f l u o r i d e are p o s s i b l e . 

Gl C.H, 

V 
PI! * C^HgLi 

Fll * C^HgLi > Ĉ Hg. 
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EXPERIMENTAL TORK 



80. 

I n f r a - r e d Spectroscopy. 

Considerable use was made of i n f r a - r e d spectroscopy for 

i d e n t i f i c a t i o n of products, the i n f r a - r e d s pectra of a l l new 

compounds have been recorded, A Grubb-Parsons Type G.S.2A double 

beam grat i n g i n f r a - r e d spectrometer was used to obtain these s p e c t r a . 

The sample was e i t h e r i n the form of a t h i n f i l m between 

potassium bromide d i s c s , or as a gas i n a c y l i n d r i c a l c e l l ( 5 " long x 

l-J-** diameter) with potassium bromide or sodium ch l o r i d e end windows. 

Pressure Reactions. 

Unless otherwise stated, pressure r e a c t i o n s were performed 

using a s t a i n l e s s s t e e l autoclave (527 mis.) which was rotated at an 

angle (see diagram 1.) i n order to ensure thorough mixing of the 

contents* The charging of t h i s autoclave with a gas, was accomplished 

by using a simple vacuum system (see diagram 2.) The gas was con­

densed and weighed as a s o l i d i n a cold f l o r e n t l n e f l a s k which was 

then attached to the vacuum system. The autoclave, which was already 

charged with any l i q u i d , or s o l i d reagents, was also attached to the 

vacuum system and cooled by immersing the base i n l i q u i d a i r . The 

o l e f i n was then condensed into the autoclave by vacuiam t r a n s f e r . 

Gases were handled using standard high vacuum techniques. 

Molecular weights. 

These were determined by Regnault's method. For t h i s method a 

g l a s s bulb ( 1 2 6 . 4 mis.) f i t t e d with a high vacuum tap and B 10 cone 

was required; the volume of the bulb was found by weighing the amount 

of water i t contained at a known temperature. The bulb was then 



81 

evacuated using a vacuum system with a mercury d i f f u s i o n pump, 

weighed, f i l l e d with the unknown vapour to em accurately measured 

pressure again using a vacuum system, and then re-weighed. The 

weight of vapour occupying the bulb at a known pressure afforded 

the molecular weight. 

F r a c t i o n a t i o n ' i n vacuo I see diagram 3. 

l!!he mixture to be separated was contained i n a v e s s e l which was 

attached to the vacuum system at A. This v e s s e l was immersed i n 

l i q u i d a i r and the whole apparatus pumped to a ' s t i c k i n g ' vacuum 

with a l l the taps open. T l and a l l Ts were closed and the mixture 

was t r a n s f e r r e d to B, T2 then being closed. C was then cooled to a 

temperature at which one of the components of the mixture had zero 

vapour pressure, and the mixture then t r a n s f e r r e d s e v e r a l times 

between B and D, when the l e s s v o l a t i l e component was condensed 

into C. The two separate m a t e r i a l s were then removed from the app­

aratus by vacuum t r a n s f e r back to A. 

This method of F r a c t i o n a t i o n was very u s e f u l for separating 

gaseous products from large q u a n t i t i e s of solvent. 
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Reactions of a mixture of Iodine Fentafluoride and Iodine with 

F l u o r o - O l e f i n s . 

The molecul£u: proportions used i n these r e a c t i o n s were those 

required by the equation.-

5 > : C<Vlp^ + 2l2 — * 5 >CF.CI< 

y i e l d s are based on the amoxmt of o l e f i n which reacted. 
( 1 ) 

Tetrafluoroethylene; prepared by the p y r o l y s i s of t e f l o n . 

A s t e e l tube (3 f t . long x 1 inch i n t e r n a l diameter), blocked 

at one end and cozmected at the other to a system of two cooled t r a p s 

(-183^) f a manometer, a manostat and an o i l pump, was charged with 

t e f l o n shavings (lOOg.) which were held i n the centre of the tube 

( l f t . ) by a packing of s t e e l wool at e i t h e r end. This c e n t r a l part 

of the tube was then heated i n an e l e c t r i c furnace at 550-600*^ f o r 

one hour, the pressure being reduced to, and con t r o l l e d at 5mffl 

mercujry. Tetrafluoroethylene (95^ y i e l d ) was condensed into the 

cooled t r a p s , and was shown by a n a l y t i c a l V.F.C. using s i l i c o n e 

trimer as s t a t i o n a r y phase at 0° to contain a trace of hexafluoro-

propene. Low temperature d i s t i l l a t i o n through a packed column 

afforded pure t e t r a f l u o r o e t h y l e n e . 

The autoclave charged with iodine pentafluoride (44.4g., 

0.20 mole.), iodine (l02g. 0.4 mole.) and tetrafluoroethylene 

(lOOg. 1.00 mole.) was rotated for 10 hours without heating. I t was 

then vented through two cooled traps (-78° and -183°) to condense 

v o l a t i l e m a t e r i a l , l e a v i n g unreacted iodine and r e s i d u a l l i q u i d . 

The colder t r a p (-183°) contained unreacted t e t r a f l u o r o e t h y l e n e 
(7»5g-) as shown by i n f r a - r e d spectrum and a n a l y t i c a l V.P.O.retention 
time on s i l i c o n e trimer s t a t i o n a r y phase at <P C, 
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The content (l90g.) of the other cooled trap (-78°) was separated 

i n t o i t s two components i n 20g. batches on preprative s c a l e V.P.C 

using dinonylphthalate as stationary phase at room temperature, 

nitrogen flow-rate, 100 mls./min. This gave f u r t h e r unreacted 

t e t r a f l u o r o e t h y l e n e (21g.) and pentafluoroiodoethane (l52g.86^) 

(Found: F , 3 8.2; I , 51.8; M, 243 . 3 . C a l c . f o r C . F ^ l ! F,38.6, 

1,51.65^; M,245 .9 ,) (l.R.Spectrum Ho.l.) 

A small amount of t e t r a f l u o r o - 1, 2 - diiodoethane was 

obtained as residue and was i d e n t i f i e d by i t s coincident r e ­

ten t i o n time with that of an authentic sample, usi n g a n a l y t i c a l 

V.P.C., t r i c r e s y l phosphate s t a t i o n a r y phase at 120^. 

The authentic sample of t e t r a f l u o r o - 1, 2 - diiodoethane 

was prepared by heating equimolar proportions of t e t r a f l u o r o -
( 2 ) 

ethylene and iodine i n the autoclave at 160 f o r 24 hours. 

Reaction at 85^ 

The same amounts of tetrafluoroethylene, iodine penta-

f l u o r i d e and iodine were reacted at 85^ f o r 10 hours. The extent 

of r e a c t i o n , and y i e l d of pentafluorolodoethane was very s i m i l a r 

to the previous r e a c t i o n . 

1. 1-Difluoroethylene. 

The autoclave, charged with iodine pentafluoride (l8g; 0.080 

mole), iodine (40g, 0.157 mole), and 1,1-difluoroethylene (25g, 

0 . 3 9 0 mole) was rotated f o r f i f t e e n hours at 103^. No gaseous 

m a t e r i a l was vented from the autoclave; the remaining l i q u i d was 

washed with a l k a l i n e sodium thiosulphate to remove iodine, d r i e d 
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over magnesium s u l p h a t e , and d i s t i l l e d ^ ^ i v i n g l , l , l - t r i f l u o r o - 2 -

iodoethane (70g. &6fa) (Found: 1, 61.3; Ii.209; Calc. f o r C^H^^^I: 

I , 61.4>^; M.210) b.p. 54.8°, n^^ 1.3980 ( l i t . 55°, 1,3981 

( l . H . S-pectrum lTo.2). A n a l y t i c a l V.P.C. usin^- t r i c r e s y l phosphate 

as s t a t i o n a r y phase at 50̂ ^ showed t h a t t h i s m a t e r i a l c o n s i s t e d o f 

a s i n g l e component, having' a r e t e n t i o n time c o i n c i d e n t v/ith t h a t 

o f an a u t h e n t i c sample o f l , l , l - t r i f l - u o r o - 2 - i o d o e t h a n e . The i n f r a ­

red spectruiD o f t h i s a u t h e n t i c sample was i d e n t i c a l w i t h t h a t o f 

the r e a c t i o n p r o d u c t , thus c o n f i r m i n g t h a t the l a t t e r was not a 

n:ixture c o n t a i n i n g 1 , 1 , 2 - t r i f l u o r o - l - i o d o e t h a n e . 

Fre-oaration of A u t h e n t i c 1 , 1 , 1 - t r i f l u o r O " 2 - i o d o e t h a n e . 

i'he f i r s t sta^e o f t h i s s y n t h e s i s was the p r e p a r a t i o n o f 
(4) 

t r i f l u o r o c t h a n o l ; the method used was t h a t described by Henne ' 

i n v o l v i n g the f o l l o w i n g two r e a c t i o n s . 
GF,C00H • C.E_C0C1 *• CF,C0C1+ C^H^GOOH 
3 D 5 3 D 5 

CF^CCCl • L i A I H ^ > GF^GH^OH + L i C l + A 1 ( G 1 ) ^ 

Benzoyl c h l o r i d e and t r i f l u o r o a c e t i c a c i d were s l o w l y mixed a t room 

temr)erature and then heated t o 150° f o r twelve hours, thus d r i v i n g 

o f f t r i f l u o r o a c e t y l c h l o r i d e . Phis was then bubbled i n t o a 

suspension o f l i t h i u m aluminium h y d r i d e i n e t h e r , r e f l u x e d , and the 

t r i f l u o r o e t h a n o l then i s o l a t e d by d i s t i l l a t i o n t h r o u g h a packed 

COlumn. 

The second sta^e o f the s y n t h e s i s i n v o l v e d the f o l l o w i n g two 
(5) 

r e a c t i o n s as descri b e d by T i e r s , Brown and Reid. 
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CF„CH^OH + pCH^C.H.SO^CI • CF„CH_0-SO„-C.H •CH„ 
3 2 ^ 3 6 4 2 3 2 2 D 4 3 

CP,GH„-0'SO^-C.H -CE + Nal—»CF_CH_I •pCH,-G.H.•SO_OWa 

I n the f i r s t r e a c t i o n the t r i f l u o r o e b h a n o l and para t o l u e n e s u l p h o n y l 

c h l o r i d e were heated a t 50^ i n an aqueous medium, and sodium hydroxide 

s o l u t i o n added. The t o s y l e s t e r was then e x t r a c t e d w i t h netroleum 

e t h e r , i s o l a t e d by d i s t i l l i n g o f f the s o l v e n t , and p u r i f i e d by washing 

x-d-th c o n c e n t r a t e d ammonia s o l u t i o n t o remove unreacred para-

t o l u e n e s u l p h o n y l c h l o r i d e . The f i n a l stage i n the s y n t h e s i s was the 

r e a c t i o n o f t h i s t o s y l e s t e r w i t h sodium i o d i d e a t 240° u s i n g t e t r a -

e t h y l e n e g l y c o l d i m e t h y l e t h e r as s o l v e n t . 1 , 1 , 1 - d i f l u o r o - 2 - i o d o e t h a n e 

d i s t i l l e d f r o L i the r e a c t i o n m i x t u r e and was p u r i f i e d by p r e p r a t i v e 

scale V.P.C. u s i n g t r i c r e s y l phosphate as s t a t i o n a r y phase at 65°, 

n i t r o g e n f l o w r a t e , 120 mis./minute. 

A n a l y s i s of t h i s compound prepared by e i t h e r method r e p e a t e d l y 

gave a low value f o r f l u o r i n e (F,18.2; 18.5; 18,0. Calc. f o r 

C H F„l!F, 21»lfo), This s t r o n g l y i n d i c a t e s t h a t one o f the f l u o r i n e 2 2 3 

atoms was taken up i n some type o f complex w i t h the biphenyl-sodium 

dimethoxyethane reagent (C^H^F^^ r e q u i r e s F, 18.1^.) Ko o t h e r example 

of low r e s u l t u s i n g t h i s reagent has ever been observed. 

Hexafluoropropene. 

The a u t o c l a v e , charged w i t h i o d i n e p e n t a f l u o r i d e (29.5g., 0.132 

mole.) and i o d i n e (67g., 0.264 mole.) and hexafluoropropene (lOOg., 

0.660 mole.) was r o t a t e d f o r t w e n t y - f o u r hours at 150°. l\o gaseous 

m a t e r i a l was vented from the a u t o c l a v e ; the re s i d u e was washed w i t h 
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a l k a l i n e sodium thiosulphate to remove iodine, dried over magnesitim 

sulphate, and d i s t i l l e d y i e l d i n g hentafluoro - 2 - iodopronane 

(l96g., 99^) (Pound: P, 44.6; I , 42 . 9 . P^ I requires F, 44.9 ; 

I , 42.8^), b.p. 3 9 ° / 744 mm., n̂ ^̂ ^ , 1.32631, ( l . R. Spectrum No.3). 

A n a l y t i c a l 7.P.C. using t r i c r e s y l phosphate as stationary phase at 

50*̂  i n d i c a t e d that t h i s material consisted of a single component. 

Proof of the structure of hentafluoro - 2 - iodopro-pane. 

The i n f r a - r e d spectrum d i f f e r e d from that of heptafluoro - 1 -
(6) 

iodopropane whose i n f r a - r e d spectrum has been described and 

which i s given f o r comparison ( l . R . Spectrum No.4). 

Hydrolysis with potassium hydroxide i n acetone (see page I I 3 ) gave 

2H - heptafluoropropane, which was c h a r a c t e r i s e d by i t s i d e n t i c a l 

i n f r a - r e d spectrum to that of authentic 2H - heptafluoropropane 
(7) 

described i n the l i t e r a t u r e ^ Hydrolysis of heptafluoro - 1 -

iodopropane under i d e n t i c a l conditions has been shown to give 
(s) 

1 H - heptafluoropropane . 

Coupling r e a c t i o n using u l t r a v i o l e t i r r a d i a t i o n i n the presence 

of mercury gave tetradecafluoro - 2, 3 - dimethylbutane (see page 113 ) 

whereas a s i m i l a r r e a c t i o n with heptafluoro - 1 - iodopropane has 

been described and r e s u l t s i n the formation of perfluorohexane, 

^^F resonance spectrum. 

The spectra of l i q u i d heptafluoro - 2 - iodopropane was 

determined using a Varian 4300 N.M.R. spectrometer operating at 40 

Mc./ sec. This spectrum was found to c o n s i s t of a low f i e l d doublet 
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and a h i g h f i e l d s e p t e t . The i n t e n s i t y d i s t r i b u t i o n between the 

m u l t i p l e t s i s c o n s i s t e n t w i t h the compound be i n g h e p t a f l u o r o - 2 -

iodopropane. F u r t h e r evidence f o r i t s i d e n t i t y i s p r o v i d e d by the 

observed chemical s h i f t s ; these were measured from t r i f l u o r o a c e t i c 

a c i d (used as an e x t e r n a l refei-ence) t o the c e n t r e s o f the m u l t i p l e t s 

Doublet. Septet. Coupling 
CF^. CF^ . CF.group (.CF. group) Constants 
- 82 C/sec. 2790 C/sec. 12.9 C/sec 

C h l o r o t r i f l u o r o e t h y l e n e . 

This was prepared by the d e c h l o r i n a t i o n o f 1,1, 2 - t r i c h l o r o -

t r i f l u o r o e t h y l e n e u s i n g zinc dust i n e t h a n o l , as d e s c r i b e d by Buxton 

et a l . 1,1, 2 - t r i c h l o r o t r i f l u o r o e t h a n e was s l o w l y added t o 

a r e f l u x i n g suspension o f z i n c dust i n e t h a n o l , and the c h l o r o -

t r i f l u o r o e t h y l e n e evolved was p u r i f i e d by low temperature d i s t i l l a t i o n 

t h rough a packed coliunn. The l a t t e r c o n s i s t e d o f a colimin (2-^ f t l o n g 

X 1 i n c h diameter) packed w i t h g l a s s h e l i c e s and cooled by an o u t e r 

j a c k e t c o n t a i n i n g carbon t e t r a c h l o r i d e and s o l i d carbon d i o x i d e . 

The a u t o c l a v e , charged w i t h i o d i n e p e n t a f l u o r i d e (35g-, 0,1518 

mole.), i o d i n e (80.5g.> 0.317 mole.), and c h l o r o t r i f l u o r o e t h y l e n e 

(92.5g., 0,794 mole.) was r o t a t e d f o r f o u r hours w i t h o u t h e a t i n g . On 

v e n t i n g the apparatus, 20 mis. o f gas was o b t a i n e d , t h u s showing t h a t 

the r e a c t i o n was almost q u a n t i t a t i v e . The remaining l i q u i d was 

washed w i t h a l k a l i n e sodium t h i o s u l p h a t e t o remove i o d i n e , d r i e d 

over magnesixim sujphate, and d i s t i l l e d y i e l d i n g a f r a c t i o n b.p. 53 - 57° 

c o r r e s p o n d i n g t o c h l o r o t e t r a f l u o r o i o d o e t h a n e ( l 7 1 g . 8 1 ^ ) . (Found : 

P, 29.4; Calc, f o r C^ CIF^ I : F, 29.0^). 
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A n a l y t i c a l V.P.C. using t r i c r e s y l phosphate as s t a t i o n a r y phase 

at 42° showed that t h i s m a t e r i a l consisted o f a mixture o f two 

components, whose r e l a t i v e amounts were 55/- and 45A deduced from 

peak areas. Dhis deduction involved assuming equal thermal con­

d u c t i v i t i e s f o r the two coiiponents; t h i s i s j u s t i f i e d since they are 

isomers wi t h very s i i . i l a r p h y s i c a l p r o p e r t i e s . 

Separation by Y,P.C. 

This could not be accomplised on a large s c a l e due to almost 

coi:.plete t a i l i n g of the f i r s t peak over the second; the following 

s t a t i o n a r y phases, temperature ranges, and nitrogen flowrates were 

t r i e d : 

Binonyl phthalate, 50° - 120°, 70 - 150 mls./min. 

Brickdust-dinonyl phthalate, 50° - 6 5 ° , 50 - 100 mls./min. 

T r i c r e s y l phosphate, 40° - 100°, 100 - 120 mls./min. 

S i l i c o n e high vacuum grease, 120°, 110° mls./min. 

A complete separation and i s o l a t i o n of both isomers was 

accomplised, u s i n g an a n a l y t i c a l column with t r i c r e s y l phosphate as 

s t a t i o n a r y phase at 42°, nitrogen flowrate 17 mls./min. I n j e c t i o n 

of 0.3g. of material was the c r i t i c a l amount separable and gave as 

f i r s t component (55/̂ - of the mixture) (94g-, 45?^), 1-chlorotetrafluoro-

2-iodoethane. (Found: P, 29.5; Calc. f o r C^CIF^I. P, 29-0^) b.p. 

57.6°, njj"̂ ®"̂  1.395 ( l i t . ^ ^ ^ ^ 56,5°, 1.393). ( l - H - Spectrum Ho.5) 

This sample had an i d e n t i c a l i n f r a r e d spectrum and a n a l y t i c a l V.P.C. 

r e t e n t i o n time on t r i c r e s y l phosphate as s t a t i o n a r y phase at 42°, 

to an authentic sample of l-chlorotetrafluoro-2-iodoethane. (see 

page f o r d e t a i l s of preparation.) 
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The second component (45^ of the mixture) ( 77g. 37^), was, 

therefore, 1 - chlorotetrafluoro - 1 • iodoethane. (Found: F,28.7; 

CIP^ I r e q u i r e s P, 29.0^), b.p. 57.7°, n ̂ ^̂^ 1.5900. ( l , R , 

spectrum No.6). This m a t e r i a l l i b e r a t e d iodine on exposure to l i g h t , 

much more r e a d i l y than 1 - chlorotetrafluoro - 2 - iodoethane. 

1.1 • Dichlorodifluoroethylene. 

The autoclave was charged with iodine pentafluoride (7.3g., 

0 .033 mole.), iodine (l6,8g. 0.066 mole.), and 1,1 - dichloro­

difluoroethylene (22.Og., 0.165 mole.), and rotated for s i x hours 

at 1 7 0 ° . The contents were then d i s t i l l e d from the autoclave under 

reduced pressure, and fractiomted i n vacuo through a cooled t r a p 

(-78°), g i v i n g one gaseous and one l i q u i d f r a c t i o n . The former was 

separated i n t o two components by preprative s c a l e V.P.C. using 

t r i c r e s y l phosphate as st a t i o n a r y phase at room temperature, nitrogen 

flowrate 110 mls./min., y i e l d i n g 1,1 - dichlorotetrafluoroethane 

( 5 . 9 g . , 25^) (Found: P, 44.4; CI, 41.3; M. I 7 I Calc. f o r 

C I ^ P^ s F, 44.5; CI, 41.55^; M. 17l) and recovered 1,1 -

dichlorodifluoroethylene (3.4g), which was i d e n t i f i e d by i t s i n f r a ­

red spectrum. The l e e s v o l a t i l e f r a c t i o n (21g.) was shown by 

a n a l y t i c a l V.P.C. using t r i c r e s y l phosphate as s t a t i o n a r y phase at 

100°, to contain two components i n the r a t i o 57^ to 43^ as determined 

by peak areas. 

A separation of t h i s mixture, using 0 . 5g . batches, was acc­

omplished by preprative s c a l e V.P.C. using t r i c r e s y l phosphate as 
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S t a t i o n a r y phase at 100^, nitrogen flowrate 210 mis. /min. The f i r s t 

component (57^ of the mixture) was i d e n t i f i e d as 1.1 - dichloro -

t r i f l u o r o - 2 - iodoethane ( l 2 g . , 31^). Pound: F, 20.7; ^2^^2^3^ 

r e q u i r e s P, 20.4?5). h.p. 98 /763 mm; n̂ ^ 1.44450. (l.R.spectrum 

No.7). This i n f r a - r e d spectrum was i d e n t i c a l to that of one of the 

addition products of iodine monochloride to c h l o r o t r i f l u o r o e t h y l e n e 

(see page 99 ) ; t h i s proves the s t r u c t u r e of t h i s compound, since 

only one product from e i t h e r r e a c t i o n can be i d e n t i c a l to one from 

the other r e a c t i o n . 

CP^ : CCI2 + I P - — > CP^I - CCI^P + CP^ - CCI^I 

CP^ : C P C I + I C I > CP^I-CCI^F + CP^CI - CPCI I 

The second component (43^ of the mixture) must therefore be 

1.1 * d i c h l o r o t r i f l u o r o - 1 - iodoethane (9g., 23^) . Pound: P,20.6; 

C^CI^P^I r e q u i r e s P,20 . 4^) . ( l . R . spectrum No.8a). On exposure to 

l i g h t and e s p e c i a l l y when heated, t h i s compound l i b e r a t e d iodine 

r a p i d l y , so much so as to make determination of b o i l i n g point and 

r e f r a c t i v e index impracticable. 

Tetrachloroethylene. 

The autoclave, charged with iodine pentafluoride (44.4g.|0.20 

mole.), iodine (l00.6g., 0.40 mole.), and tetrachloroethylene (l65.9g., 

1,00 mole.), was rotated f o r twelve hours at 110^, When the autoclave 

was opened, an aliquot of the l i q u i d i n s i d e was shown by a n a l y t i c a l 

V.P.C. using t r i c r e s y l phosphate as s t a t i o n a r y phase at 140^, to 

c o n s i s t only of unreacted tetrachloroethylene. The autoclave was 

r e s e a l e d and rotated at 190° for a f u r t h e r four hours. After removal 
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of f r e e iodine by f i l t r a t i o n and washing with a l k a l i n e sodium 

thiosulphate, the products were d i s t i l l e d through a concentric tube 

column (22 t h e o r e t i c a l p l a t e s ) and a f r a c t i o n b.p. 92 - 93^ (41.5g. 

51^) was c o l l e c t e d corresponding to t e t r a c h l o r o - 1, 2 - difluoroethane 

(Pound: P,18.8; CI, 69.1. Calc. f o r O^Ol^Y^ ^ P, 18.6; CI,69.6^). 

b.p. 93° n^^ 1.41449 ( l i t . ^ - ' - ^ ^ 93^ n̂ ^ 1.41247, 1.4264, 1.4115). 

The residue (lOOg.) consisted of unchanged tetrachloroethyiene. 

Reaction with iodine Pentafluoride at 220°. 

The autoclave was charged with iodine pentafluoride (22g., 1,00 

mole.) tetrachloroethylene (322g., 2,00 mole.) and rotated at 220° f o r 

four hours. On working up as before there was obtained t e t r a c h l o r o - 1, 

2 - difluoroethane (215g*f 62^) and recovered tetrachloroethylene (48g.) 

Dechlorination of Tetrachloro - 1, 2 - difluoroethane. 

A s t i r r e d mixture of methylated s p i r i t s (5Cmls.) and z i n c dust (7g., 

0.107g. atom) contained i n a 3N f l a s k f i t t e d with a dropping funnel, 

mechanical s t i r r e r , and P r i e d r i c h condenser, was heated to r e f l u x and 

was kept r e f l u x i n g by the dropwise addition of a s o l u t i o n of t e t r a ­

chloro - 1, 2 - difluoroethane ( l l . 2 g . , 0.055 mole.) i n methylated 

s p i r i t s (10 mis-). After the addition, heat was again applied i n order 

to continue the r e f l u x i n g for three and a h a l f hours. A mixture of 

methylated s p i r i t s and some v o l a t i l e m a terial were c o l l e c t e d i n a 

cooled t r a p (-78°), and were separated by f r a c t i o n a t i o n i n vacuo, the 

methylated s p i r i t s being condensed i n a trap cooled to - 78°. This 

separation y i e l d e d 1, 2 - dichlorodifluoroethylene (5.3g., 72.5^). 
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(Pound: P, 28.1; CI, 53.4; M.132. Calc. f o r ' ^' 

CI, 53.3^; M.133). ( l . R . Spectrum No.8b). 

Reactions of Fluoro-Olefins with a mixture of Bromine T r i f l u o r i d e 

and Bromine. 

The molecular proportions used i n these reactions were those 

required by the equation 

3 >C : C< + BrP^ + Br^ > 3 >CP»C^r 

Tetrafluoroethylene. 

The autoclave was charged with tetrafluoroethylene(l6.9g., 0.169 

mole.), bromine t r i f l u o r i d e (7.7g., 0.0562 mole.), bromine (9g., 

0.0563 mole.) and 1,1,2 - t r i c h l o r o t r i f l u o r o e t h a n e (230g.), as d i l u e n t , 

and rotated without heating for two hours. Gaseous m a t e r i a l , vented 

from the autoclave and produced by r e f l u x i n g the solvent, consisted of 

tetrafluoroethylene (2g.) and pentafluorobromoethane (2g.), Found: 

F.47.7; Br.39.5; M.201. Calc. for C^BrP^ : F,47.7; Bjr,40.2^; M.199), 

and g i v i n g the correct i n f r a - r e d spectnim ^ (l.R.Spectrum N0.9.)-

No f u r t h e r amount of pentafluorobromoethane could be obtained from the 

r e s i d u a l solvent by r e f l u x i n g the solvent, but separation of an aliquot 

by preprative s c a l e V.P.C. using t r i c r e s y l phosphate as s t a t i o n a r y 

phase at 20°, nitrogen flowrate 100 mls./min., showed that a con­

siderable quantity of pentafluorobromoethane ( l 8 g . , 67.5^) remained i n 

s o l u t i o n . 

Reaction without Diluent. 

The above q u a n t i t i e s of tetrafluoroethylene, bromine t r i f l u o r i d e , 

and bromine were reacted under the same conditions i n the absence of 
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the di l u e n t . The r e a c t i o n was very vigorous and caused decomposition 

and formation of carbon t e t r a f l u o r i d e . The l a t t e r was c h a r a c t e r i s e d 

by i t s coincident r e t e n t i o n time ra. th an authentic sample using 

a n a l y t i c a l V.P.C. with s i l i c o n e trimer as s t a t i o n a r y phase at 0°. 

Hexaf luoroTJropene. 

The autoclave, charged with bromine t r i f l u o r i d e (7.5g., 0,055 mole) 

bromine (9g., 0.056 mole.), and hexafluoropropene (25g., 0.167 mole.) 

was rotated f o r two hours without heating. The gaseous products were 

d i s t i l l e d at atmospheric pressure y i e l d i n g 2-bromoheptafluoropropane 

(l6g., 45.5^), contaminated with a small amount of hexafluoropropene; 

t h i s was shown by a n a l y t i c a l V.P.C. using s i l i c o n e trimer as s t a t i o n a r y 

phase at 0°. 

A pure sample of 2-bromoheptafluoropropane was obtained by 

preprative s c a l e V.P.C. with t r i c r e s y l phosphate as st a t i o n a r y phase 

at room temperature, nitrogen flowrate 130 mis./min. (Pound P,53.7; 

Br., 31.2; K.248. G^BrP^ requires P, 53.4; Br., 32.1^; M. 248.9) 

(l.R.Spectrum No.lO). Some pure hexafluoropropene (3.8g.) was obtained 

from the d i s t i l l a t i o n and was ch a r a c t e r i s e d by i t s i n f r a r e d spectrum 

and r e t e n t i o n time as a n a l y t i c a l V.P.C. using the same conditions as 

above. A considerable amount of free carbon was formed i n the re a c t i o n . 

Proof of the st r u c t u r e of 2-BromoheptafluoroTironane. 

Only one isomer was indicat e d by a n a l y t i c a l V.P.G. using s i l i c o n e 

trimer as s t a t i o n a r y phase at 0°, since the pure sample gave a si n g l e 

peak. 

The i n f r a r e d spectrum of t h i s compoimd d i f f e r e d from that of 
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l-bromoheptafluoropropane which has been d e s c r i b e d ^ a n d which 

has "che following bands. 

1350(s) 1290(ms) 1240(s) 1180(m) 1140(s) 910(s) 8 4 l ( s ) 760(s)(shoulder) 

742(s) 680(m) cm5"'̂  

19 

P Resonance Spectrum. 

Tliis spectrum was determined under i d e n t i c a l conditions to that 

of heptafluoro-2-iodoethane (see page 88 ) and again the spectrum 

was found to c o n s i s t of a low f i e l d doublet and a high f i e l d septet. 

Vhe i n t e n s i t y d i s t r i b u t i o n between the m u l t i p l e t s was consistent with 

the comiaound being 2-bromoheptafluoropropane. Further evidence was 

provided by the observed chemical s h i f t s ; these were measured from 

t r i f l u o r o a c e t i c a c i d (used as an external reference) to the centres 

of the m u l t i p l e t s . 

Doublet. Septet. Coupling 

Constants. 

32c/sec. 2600c/sec 8.9c/sec. 

Ghlorotrifluoroethylene. 

An autoclave, charged with bromine t r i f l u o r i d e (20g., 0.150 mole,), 

bromine (24g., C.150 mole.), c h l o r o t r i f l u o r o e t h y l e n e (52.5g-,0.450 mole.) 

and 1, 1 , 2 - t r i c h l o r o t r i f l u o r o e t h a n e (l54g.) was rotated f o r two hours 

without heating. Unreacted c h l o r o t r i f l u o r o e t h y l e n e (7g.) was vented 

from the autoclave and was ch a r a c t e r i s e d by i t s i n f r a r e d spectrum. The 

r e s i d u a l l i q u i d (232g.) was washed vrith a l k a l i n e sodium thiosulphate 

to remove bromine and was d i s t i l l e d through a packed column(2ft.x -J i n . 

diameter) g i v i n g a f r a c t i o n , b o i l i n g range 21-23° which analysed as 

bromochlorotetrafluoroethane (44g.).(Pound: P,34*19; M.216.7 Ca l c . f o r 
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C^BrCIP^ : P, 35.3^. M.215.4) b.p. 22.2 . The r e s i d u a l l i q u i d from 

t h i s d i s t i l l a t i o n was shown by a n a l y t i c a l V.P.C. using dinonylphthalate 

as s t a t i o n a r y phase at 50°, to c o n s i s t of 1,1,2 - t r i c h l o r o t r i f l u o r o e -

thane together with a considerable amount of u n d i s t i l l e d bromochloro-

tetrafluoroethane. The t o t a l amount of the l a t t e r was estimated by 

preprative s c a l e V.P.C. using dinonylphthalate as s t a t i o n a r y phase 

at 50°, nitrogen flowrate llOmls./min,, by weighing the amount trapped 

out from a known weight of the mixture i n j e c t e d . This showed that 28g. 

of bromochlorotetrafluoroethane was present i n the mixture , and thus 

the t o t a l amount formed i n the r e a c t i o n could be found (72g. 8 6 ^). 

Const i t u t i o n of the Bromochlorotetrafluoroethane. 

Two isomers of t h i s compound, 1 -bromo - 2 - ch l o r o t e t r a f l u o r o e -

thane and 1 - bromo 1 - chlorotetrafluoroethane, were expected from 

t h i s r e a c t i o n by analogy with the r e a c t i o n of c h l o r o t r i f l u o r o e t h y l c n e 

with iodine pentafluoride and iodine. A n a l y t i c a l V.P.C. using t r i c r e s y l 

phosjlEte as s t a t i o n a r y phase at room temperature, gave a s i n g l e peak as 

did the following s t a t i o n a r y phases: dinonyl phthalate at room temperature, 

s i l i c o n e elastomer at room temperature, and s i l i c o n e trimer at 0°. The 

i n f r a r e d spectrum (I..R. spectrum N o . l l ) , however, was d i f f e r e n t from 

that of authentic l-bromo-2-chlorotetrafluoroethane (l.R.Spectrum No.12) 

(preparation see page 98 ) . The difference was that the bromochloro­

tetrafluoroethane contained a l l the bands of l-bromo-2-chlorotetra-

fluoroethane together with a few e x t r a ones. I t was, therefore, deduced 

from t h i s evidence that a mixture of the isomers 1 - bromo-2-

chlorotetrafluoroethane and l-bromo-l-chlorotetrafluoroethane had been 

formed i n the r e a c t i o n . 



98. 

Estimation of the Isomeric Ratio by In f r a r e d Spectroscopy. 

I t can be seen from the two spectra Nos. 11 and 12, that there 

are two strong bands at 1042 cms ̂  and 901 cm*"̂  which are common 

to both s p e c t r a . Spectrum No.11 was repated at 4.7 m.m, mercury 

pressure and spectrum No.12 taken at pressures varying from 2 m.m. 

to 5 m.m. mercury. The heights of the two peaks at 1042 and 901 cms""''" 

were then measured. 
1042 cms"^ 901 cm"^ 

Compound. Pressure. Height Pressure Height. 

Bromochlorotetrafluoroethane. 4.7mm Eg. 88mm. 4.7mm Hg. 68.5mm. 

Authentic l-bromo-2-chloro 
tetrafluoroethane. 2,0mm.Hg. 62.5mm. 2.0mm. Hg. 43.5nmi. 

" 3.2 mm Hg. 78,5 mm. 3.2 mm Hg. 58.5mm. 

" 3.9 mm.Hg. 86 mm. 3.9 mm Hg. 65.5mm. 

" 4.0 mm HG. 89.5 mm. 4.0 mm.Eg. 70 mm. 

" 5#0 mm.Hg. 96 mm, 5.0 mm.Hg. 81 mm. 

This meant that 4«7 mm. of the mixture of the isomers contained 4.0 mm. 

of l-bromo-2-chlorotetrafluoroethane and, therefore, 0.7mm. of 1-bromo-

1- chlorotetrafluoroethane the r a t i o thus being 85?^ to Ijfo r e s p e c t i v e l y . 

Synthesis of l-Bromo-2-chlorotetrafluoroethane. 

The autoclave, charged with bromine (65g., 0.813 mole,), c h l o r i n e 

(29g., 0.817 mole.), andtetrafluoroethylene (81.7g., 0,817 mole.), was 

rotated without heating for f o r t y - f i v e minutes. The contents of the 

autoclave were vented through a cooled trap (-183°), and r e a c t i o n 

products (74g.) were separated from unreacted t e t r a f l u o r o e t h y l e n e (71g.) 

by f r a c t i o n a t i o n i n vacuo. A n a l y t i c a l V.P.C. using t r i c r e s y l phosphate 

as s t a t i o n a r y phase at 42° showed that the product contained three 
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components i n roughly equal amounts. These were then separated by 

preprative s c a l e V.P.C. using t r i c r e s y l phosphate as s t a t i o n a r y phase 

at 36°, nitrogen flowrate 100 mls*/m±n. the middle component only was 

i s o l a t e d and was found to be 1-bromo - 2 - chlorotetrafluoroethane 

(Pounds F,34.7; M.216.8. C^BrCIF^ requires F,35.3^; M,215.4.) b.p. 
o / \ 22.2 . vI.R,Spectrum No.12). The method of preparation meant that 

only t h i s isomer of bromochlorotetrafluoroethane could be formed. 

Decafluorocyclohexane. 

An autoclave (lO ml. capacity) was charged with decafluoro-

clohexane (6.5g., 24.8 m moles.), bromine t r i f l u o r i d e ( l . l 3 g . , 8.25ni. 

moles) and bromine (l.32g., 8.26 m,moles), and shaken for twenty-six 

hours at 265°. A c o l o u r l e s s l i q u i d (7g*) was obtained which gave a 

s i n g l e peak on a n a l y t i c a l V.P.C. using t r i c r e s y l phosphate as 

s t a t i o n a r y phase at 100°; t h i s was shown to be bromoundecafluoro­

cyclohexane (78^) (Pound: P,57.6; Br. 23.2. Calc. f o r C^BrP^ s 
(15) 

P.57.9; Br.22.2^). b.p. 92°/735 mm. ( l i t . 90 - 92° ) n̂ *̂  1.32206, 
(l.R.Spectrum No.12b) 

Addition of Iodine Monochloride to Chlorotrifluoroethylene. 

The autoclave, charged with iodine monochloride (28g. 0,172 mole.) 

and c h l o r o t r i f l u o r o e t h y l e n e (20g,, 0.172 mole.) was rotated for three 

hours at 45°. No gaseous products were vented from the autoclave, and 
N 

the l i q u i d content was washed severa l times with -̂ Q— sodium t h i o -

su^hate to remove iodine, d r i e d over magnesium sulphate i n the dark 

i n a nitrogen atmosphere, and d i s t i l l e d i n the same i n e r t atmosphere. 

The bulk of the material (41g.) d i s t i l l e d i n the b o i l i n g range 97 -
101°. 
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A n a l y t i c a l V.P C, using t r i c r e s y l phosphate as s t a t i o n a r y phase 

at 80°, showed that the d i s t i l l a t e consisted of a small amount of 

3,1,2 - t r i c h l o r o t r i f l u o r o e t h a n e together with two major components 

whose rete n t i o n times did not d i f f e r s u f f i c i e n t l y to allow t h e i r 

complete separation. (See diagram 4 ) . The r a t i o of the peak areas 

of these two components was 33^ to 67^; t h i s was the approximate 

composition of the mixture since these two components were l a t e r 

shown to be isomers. Pure samples of each component were obtained 

by c o l l e c t i n g e a r l y and l a t e "cuts" corresponding to the chromatogram, 

using the above mentioned a n a l y t i c a l colximn i n j e c t i n g 0.15 ml. a l i q u o t s . 

That complete separation had been achieved could be observed from the 

i n f r a r e d s p e c t r a which d i f f e r e d completely; the f i r s t component (l3.5g.> 

29^) (Pound: F,19.6. Calc. f o r C^CI^F^I : F,20.4^) b.p, 98°, n^^ 1.44450 

(l.R.Spectrum No.13.) had an i d e n t i c a l i n f r a r e d spectrum with that of 

1, 1 - d i c h l o r o t r i f l u o r o - 2 - iodoethane, being one of the isomers 

obtained from the addition of iodine pentafluoride and iodine to 

1, 1 - dichlorodifluoroethylene (see page 91 ) , The second component 

was, therefore, 1, 2 - d i c h l o r o t r i f l u o r o - 1 - iodoethane (27.5g. 57^.) 

(Found: F,19.8. C^CI^F^I r e q u i r e s F,20.4^) b.p. 98.1°, (l.R.Spectrum 

No.14.). This second component l i b e r a t e d iodine r a p i d l y at room 

temperature which prevented determination of i t s r e f r a c t i v e index. 

The s t r u c t u r e of these two isomers was confirmed by i r r a d i a t i n g 

the mixture (6.0g.) with u l t r a v i o l e t l i g h t i n the presence of mercury 

(3og.) for four hours. The isomers to which the formula CP^CI,CFCI I 

has been assigned, coupled very r a p i d l y leaving CFCI2 * ^̂ 2''' ̂ ®lsitively 

unchanged. T h i s was observed by a n a l y t i c a l V.P.C. using t r i c r e s y l 



101. 

phosphate as s t a t i o n a r y phase at 80°. I t has been e s t a b l i s h e d "̂̂ ^̂  

that compounds containing a - CPCII group couple much more e a s i l y 

under these conditions, than compounds containing a -CP^I group. 

Addition of Iodine Monobromide to Chlorotrifluoroethylene. 

The autoclave was charged with iodine monobromide (l42g. 0.686 mole. 

and c h l o r o t r i f l u o r o e t h y l e n e (81g.) (0.695 mole.) and rotated for two 

hours at 100°. No gaseous m a t e r i a l remained and the l i q u i d products 
N 

were washed three times with sodium thiosulphate and d r i e d over 

magnesium sulphate, a i r and l i g h t were excluded as f a r as was p o s s i b l e 

from these operations. D i s t i l l a t i o n of these l i q u i d s under reduced 

pressure gave an iodine - coloured d i s t i l l a t e (l68g.,) which r a p i d l y 

l i b e r a t e d iodine on exposure to oxygen and l i g h t . A n a l y t i c a l V.P.C. 

using t r i c r e s y l phosphate as s t a t i o n a r y phase at 110° , showed that 

the d i s t i l l a t e contained three components, the l a s t two having very 

s i m i l a r r e t e n t i o n times (see diagram 5 . ) The proportion of the f i r s t 

peak i n the mixture was found by i n j e c t i n g a weighed aliquot onto a 

preprative V.P.C. column using t r i c r e s y l phosphate as s t a t i o n a r y phase 

at 110°, and weighing the amount of the f i r s t peak i s o l a t e d : t h i s was 

i d e n t i f i e d as 1,2- dibromo - 1 - chlorotrifluoroethane (38g., 22^). 

Pounds P,20.2. Calc. f o r C^Br^CIP^ : P, 20.6^), 

The other two components could not be separated completely, but 

a pure sample of the l a s t one was c o l l e c t e d by a l a t e cut using an 

a n a l y t i c a l V.P C. column with t r i c r e s y l phosphate as s t a t i o n a r y phase 

at 110^, nitrogen flowrate 19 mis./min. with a 0.1 ml. i n j e c t i o n . 

This was 1 - bromo - 2 - chloro - 2 - iodotrifluoroethane, 

CP2Br. CPCII fPound: P,17.3, C^BrCIP^I requires F,17.6^). 
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(I.R.Spectrum No.15) : rapid l i b e r a t i o n of iodine at elevated 

temperature obscured the b o i l i n g point. 

The other component, 1 - bromo - 1 - chloro - 2- i o d o t r i f l u o r o -

ethane CP^I - CPCIBr, was obtained by i r r a d i a t i n g a portion of the 

mixture with u l t r a v i o l e t l i g h t i n the presence of mercury f o r t h i r t y 

minutes : CP^Br.CFCII reacted very quickly l e a v i n g unchanged 

CP^I'CPCI Br which was i s o l a t e d by preprative s c a l e V.P.C. using 

t r i c r e s y l phosphate as s t a t i o n a r y phase at 130°, nitrogen flowrate 

110 mls./min. (Found: F, 18.0; C^Br CIP^I r e q u i r e s P,17.6^) b.p. 

120.1°/768 mm. ( l . R . Spectrm No.l6). 

The assignment of each structure to these two isomers 

CP2I 'CPCI Br and CF^Br-CPCII was made on the following evidence.-

1. The compoiznd containing the -CFCII group would l i b e r a t e iodine 

more r e a d i l y and couple with u l t r a v i o l e t l i g h t i n the presence 

of mercury more r a p i d l y . 

2. Analogy with the re a c t i o n of iodine monochloride with 

c h l o r o t r i f l u o r o e t h y l e n e where the isomer i n excess contained 

the -CPCII group and had the longest r e t e n t i o n time on 

a n a l y t i c a l V.P.C. using t r i c r e s y l phosphate as s t a t i o n a r y 

phase. 

Estimation of the r a t i o of the two isomers present was made by 

extrapolating the two merged peaks i n diagram 5 i n order to f i n d the 

peak areas. This gave the r a t i o s as 24^ to 76^ which corresponded to 

1 - bromo - 1 - chloro - 2 - iodotrifluoroethane (31g.f 14^) and 

1 - bromo - 2 - chloro - 2 - iodotrifluoroethane (99g., 4 4 ^). 
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Addition of Iodine Monoohloride to Hexafluoronronene. 

The autoclave was charged with iodine monochloride (72g., 0.444 

mole.) and hexafluoropropene (66.5g., 0.444 mole,), and rotated f o r 

s i x t e e n hours at 200°. The autoclave was vented through a cooled trap 

(-78°), and 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 was shown to be unreacted 

hexafluoropropene ( l 2 g . ) by i t s i n f r a r e d spectrum and i t s coincident 

r e t e n t i o n time with an authentic sample on a n a l y t i c a l V.P C. using 

t r i c r e s y l phosphate as s t a t i o n a r y phase at room temperature. The 

remaining l i q u i d was washed with a l k a l i n e sodium thiosulphate to 

remove iodine, d r i e d over magnesium sulphate, and d i s t i l l e d through 

a Vigreux column, ( l . f t . r J- i n . diameter) giving two f r a c t i o n s . The 

f i r s t f r a c t i o n was assumed to be 1,2 - dichlorohexafluoropropane 
o / ( l ^ ) 

(9g., 11%) b.p. 35 - 37 ( l i t 34.7), and the second one d i s t i l l e d i n 
the bailing range 80 - 80.5*^ corresponding to 1 - chlorohexafluoro -

2 - iodopropane (66g., 58^) (Pound: F,36.2; Calc. f o r C_CIP,I :P,36. 
3 o 

b.p. 80.0°/756 mm. 1.37636. ( l . R . Spectrum No.17). 

This second f r a c t i o n gave a s i n g l e peak on a n a l y t i c a l V.P.C. 

using t r i c r c s y l phosphate as s t a t i o n a r y phase at 85^, and i t was 

therefore assumed that a s i n g l e isomer had been formed. Anology with 

the addition of 'iodine monofluoride' to hexafluoropropene gave the 
following formula for the product: CP^.CPI-CP^CI . I t has been 

(17) 

mentioned i n the l i t e r a t u r e , that the addition of iodine mono­

ch l o r i d e to hexafluoropropene did i n f a c t give t h i s compound but no 

d e t a i l s were given. 
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Reactions of Pluorocarbon Iodides and Chlorides. 

P y r o l y s i s of Pentafluoroiodethane. 

A vacuum system was devised (see diagram 6) whereby a gas could 

be c i r c u l a t e d continuously through a hot s i l i c a tube of i n t e r n a l 

diameter 10mm. P r o v i s i o n was made i n the form of a serum cap attached 

to the system f o r the removal from time to time of samples of the gas 

f o r a n a l y s i s by V.P.C. The usual s t a t i o n a r y phase was s i l i c o n e trimer 

i n P.V.C. tubing at 0°. 

P y r o l y s i a at 550 - 600°. 

Trap A was charged with pentafluoroiodethane (l4.5g.» 0.059 mole.) 

which was then frozen and the whole apparatus evacuated through T l and 

T2. T l was closed and the contents of A allowed to expand to f i l l the 

whole system to about one atmosphere. T2 was then closed and the 

system between T l and T2 kept at about one atmosphere by means of 

j u d i c i a l cooling with an i c e bath. The pentafluoroiodoethane i n the 

other part of the apparatus was then c i r c u l a t e d at 30 mls./min. w h i l s t 

the heater was quickly brought to 600°. Traces of free, iodine were 

foraed at 500°; t h i s formation became considerable at 550 - 600°. As 

the iodine was l i b e r a t e d , the pressure i n the system decreased and was 

c a r e f u l l y brought back to atmospheric pressure by the introduction of 

more pentafluoroiodoethane through T2. The time taken f o r the t o t a l 

contents of trap A to be introduced into the c i r c u l a t i n g system was 

two hours. After a further t h i r t y minutes the formation of iodine 

and decrease of pessure had ceased, the l a t t e r remaining at 250mm. 

mercury. 
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Investigation of a sample of the gas by analytical V,P C. using 

silicone trimer as stationary phase at 0° showed that two components 

were present. This v o l a t i l e material (8.2g-) was then condensed into 

P and separated into i t s two components by preprative scale V.P.C. 

using dinonyl phthalate as stationary phase at room temperature, 

nitrogen flowrate 100 mla,/mi.n, y i e l d i n g perfluorobutane (4.8g, 

y i e l d 68.5^ conversion) (Found: M.236. Gale, f o r 0̂ ?-̂ ^ J M.258)(l.R. 

Spectrum No.18.); t h i s infrared spectrum was ide n t i c a l to that of 

authentic perf luorobutane described i n the literature^"*"^^. The other 

component was unreacted pentafluoroiodoethane (2.9g.) characterised 

by i t s i n f r a r e d spectrum and coincident retention time on analytical 

V.P.C. using silicone trimer as stationary phase at 0^, with an 

authentic sample. 

Pyrolysis at 800°. 

Reaction 1. 

The c i r c u l a t i n g system was f i l l e d to one atmosphere with penta-

fluoroiodoethane (S.Og., 52.5m. mole.), which was then circulated f o r 

twenty minutes through the s i l i c a tube heated by a small gas flame. 

I n i t i a l l y a flame 2 cms. long appeared inside the tube, iodine was 

rapidly liberated and the pressure f e l l . The product gas was shown 

by analytical V.P C. using silicone trimer as stationary phase at 0° 

to consist of three components whose peak areas were measured. Equal 

thermal conductivities of the product were assumed so that these peak 

areas could be related d i r e c t l y to molar proportions. This assumption 

seems reasonable i n view of the s i m i l a r i t y of the three products. I n 

a l l the future experiments describing the pyrolysis of pentafluoro-
iodoethane, 
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t h i s assuiaption i s made and the peak areas r a t i o i . e . molar r a t i o then 

transferred to the percentage r a t i o by weight of each component. I'hese 

three components were i d e n t i f i e d by t h e i r coincident retention times 

with authentic samples as being perfluoroethane ( l ^ ) , t e t r a f l u o r o -

ethylene (26^) and perfluorobutane (56?S); preprative scale low temper­

ature V.P G. was not developed s u f f i c i e n t l y to isolate these three 

components separately and so carry out further methods of i d e n t i f i c a t i o n , 

ether possible products from the reaction, v/hich, however, had retention 

times d i f f e r e n t from the above compounds were tetrafluoromethane, 

hexafluoropropene, octafluoropropane and trifluoroiodomethane. The 

v o l a t i l e material was condensed into P and separated by preprative scale 

Y.P.C. using dinonyl phthalate as stationary phase at 25*̂ , nitrogen 

flowrate 100 mls.^nin. into unreacted pentafluoroiodoethane (0.8g.) , 

and a mizture of perfluoroethane, tetrafluoroethylene and perfluorobutane 

(2,7g. 90^ conversion). 

Reaction 11*. 

Reaction 1 was repeated with the introduction of nitrogen into the 

system through T2 to keep the pressure at one atmosphere. After twenty 

minutes, when the pyrolysis appeared to be complete, the v o l a t i l e 

material (̂ .Og.) was investigated as before and shown to consist of 

perfluoroethane (5.5?^), tetrafluoroethylene (l4.5^) and perfluorobutane 

(BO.O^), with again a 90fo conversion of the star t i n g material, 

Kote: A l l the pyrolysis reactions described i n t h i s section were 

investigated by analytical V.P.C. as described i n Reaction 1, 
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Pyrolysis of Pentafluoroiodoethane by Vacuum Transfer through a hot 
tube. 

For the f i r s t series of these reactions the vacuum system shown 

i n diagram 7 was used. 

Reaction 1. 

Pentafluoroi©doethane (5-Og., 20,3m mole.) was charged into one 

of the traps A, which was then cooled and the apparatus evacuated. 

The s i l i c a tube ( i n t e r n a l diameter 10mm.) was then heated to about 

800° over a length of 2 cms. by means of a Bunsen flame, and the 

pentafluoroiodoethane was passed through t h i s tube four times by means 

of simple vacuTim transfer between the two traps A. A considerable 

amount of iodine was liberated and the v o l a t i l e product (21g.) was 

shown to consist of perfluoroethane ( l 6 ^ ) , tetrafluoroethylene(15^), 

and perfluorobutane (69^) using the same analytical V.P C. conditions 

as before. A small amount of C.F,-!, approximately ifo of the i n i t i a l 
2 p 

amount was also detected. 

Reaction 2. 

Reaction 1 was repeated using an e l e c t r i c a l heater to heat the 

s i l i c a tube to 300°. This heater was id e n t i c a l to the one shown in 

diagram 6. The conversion of starting material was approximately 1^ 

and, therefore, no attempt was made to i d e n t i f y the products. 

Reaction 3* 

Reaction 1 was repeated using a reaction tube (60 cms. i 0.8 cms 

diameter) packed with glass helices and heated in a long e l e c t r i c 

furnace to 400°. The v o l a t i l e product (4.0g.) was shown to consist of 

jerfluoroethane (5^),tetrafluoroethylene ( 7 ^ ) , perfluorobutane (8J^), 
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and unreacted pentafluoroiodoethanc (80^). Only a l i t t l e free iodine 

was liberated. 

Reaction 4. 

The vacuum transfer apparatus was modified (see diagram 8) i n order 

to study the effect of sudden cooling on the hot reaction mixture. 

Pentafluoroiodoethane (2,5g-» 10.0m. moles.) was transferred from B to 

A through a s i l i c a tube of in t e r n a l diameter 10mm. heated by a gas-

oxygen flame. The v o l a t i l e product consisted of perfluoroethane ( 4 ^ ) f 

and tetrafluoroethylene (52^); complete conversion of the s t a r t i n g 

material was achieved and a considerable amount of free iodine was 

liberated. 

Pyrolysis of Fentafluoroiodoethane at atmospheric pressure. 

An apparatus (see diagram 9) involving the passage through a hot 

s i l i c a tube ( i n t e r n a l diameter 10mm) of pentafluoroiodoethane i n a 

stream of nitrogen, was devised f o r t h i s reaction. Trap A was charged 

with pentafluoroiodoethane (lO.Og., 0.046 mole.), and the l a t t e r was 

then slowly evaporated i n a stream of nitrogen (flowrate 30 mls./min.) 

through the s i l i c a tube ( i n t e r n a l diameter 10mm.) heated by a gas 

*bat-winged' burner over a length of 12 cms. The v o l a t i l e product 

(3-5g») was shown to consist of perfluoroethane ( l l ^ ) , tetrafluoroethylene 

( 8 ^ ) , perfluorobutane ( l 5 ^ ) i and unreacted pentafluoroiodoethane 

Quite a l o t of free iodine was liberated. 
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REACTIONS OF EEPTAFLUQRO - 2 - lODOPROPAKE. 

Hydrolysis. 

Heptafluoro - 2 - iodopropane (4.5g-, 15.2m, mole,), potassium 

hydroxide (3.5g., 62.2m. mole.), and acetone (lO mis.) contained i n 

a Pyrex tube which was sealed under vacuum, were shaken at room 

temperature. The reaction mixture turned dark brown after a few 

minutes and the tube became quite warm; t h i s evolution of heat, 

however, ceased a f t e r t h i r t y minutes, thus indicating that the 

reaction was complete. The v o l a t i l e material was removed from the 

reaction tube by attaching the l a t t e r to a vacu^im system by means of 

rubber tubing. The whole of t h i s reaction mixture was introduced 

onto a preprative scale V.P.C. column using t r i c r e s y l phosphate as 

stationary phase at 35°, nitrogen flowrate 110 mls./min. which 

yielded 2H - heptafluoropropane (l.95g., 75^) (Found: M.172: Calc. f o r 

Ĉ F̂ H : M.171). (l.R. Spectrum No.19); t h i s infrared spectrum was 

identi c a l to that of authentic 2H - heptafluoropropane described i n 
(19) 

the l i t e r a t u r e . This preprative scale V.P C. run also yielded a 

trace of unreacted heptafluoro - 2 - iodopropane and a considerable 

amount of acetone; both of these were i d e n t i f i e d by t h e i r retention 

times on the same V.P C. apparatus. 

Coupling Reactiont Preparation of Tetradecafluoro-2, 3-dimethylbutane. 

A Carius tube was charged with heptafluoro - 2 - iodopropane 

(lOg., 0.0338 mole.) and just enough clean, dry mercury so as to form 

a continuous length along the tube when the l a t t e r was placed 

horieontally. This tube was sealed iinder vacuum and ir r a d i a t e d with 
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u l t r a v i o l e t l i g h t for three days whilst being shaken i n a horizontal 

position. The source of the u l t r a v i o l e t l i g h t was a Hannovia Model 

11 lamp, tube type 5 0 l / l , which using the r e f l e c t e r gives an in t e n s i t y 

of 510 microwatts/cm at a distance of 36 i n . 

The v o l a t i l e products were removed from the tube under vacuum 

and separated by preprative scale V.P.C. using t r i c r e s y l phosphate as 

stationary phase at 80°, nitrogen flowrate 120 mls./min., i n t o recovered 

heptafluoro - 2 - iodopropane (0.3g-») and tetradecafluoro - 2, 3 -

dimethylbutane (5.5g., 96.5^). (Found: F,78.4; M.337.5. Ĉ F̂ ^ requires-

P,78.7^; M,338). b.p. 60.0°/756 mm. n^^ 1.31483. (I.R.Spectrum No.20). 

Reaction with Sulphur. 

Heptafluoro - 2 - iodopropane (20g., 0.0677 mole.) and flowers 

of siilphur (28g.) were sealed under vacuum i n a large Carius tube 

(approx. 100 mis.) and heated i n a horizontal position at 243° f o r 

t h i r t e e n hours, which liberated a considerable amount of free iodine. 

The v o l a t i l e material ( l l g ) was removed under vacuum and shown to 

consist of a mixture of four components by analytical V.P.C. using 

t r i c r e s y l phosphate as stationary phase at 120°. Each of these four 

components was isolated by preprative scale V.P.O. using t r i c r e s y l 

phosphate as stationary phase at 80°, nitrogen flowrate 125 mls./min. 

with 0.8g, aliquot injections. This yielded the following materials 

i n order of t h e i r retention times: unreacted heptafluoro - 2- iodopropane 

( l . 5 g . ) f characte rised by i t s infrared spectrum and retention time on 

analytical V.P.C. using t r i c r e s y l phosphate as stationary phase at 45°; 

perfluoroisopropyl disulphide (CF^CFCF^)^S^ (4.5g., 36^) (Pound: F,65.7. 
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^6^14^2 F, 66.1^) b.p. 119''/773 mm., n^^ 1.32614 (l.R. 
Spectrum No.2l); perfluoroisopropyl monosulphide. (CF^CFGF^)2S,(l.3g*, 

11^) (Found: F, 71.2. Ĉ F̂ Ŝ requires F, 71.7^) b.p. 116,9°/762 mm. 

(l.R.Spectrum No,22); perfluoroisopropyl trisulphide (CF^CFCF^) 

(2.5g., 18.5?^) (Found: F,61.4. Ĉ F̂ Ŝ̂  requires F, 61.3^) b.p. 150.0°/ 

764 mm., n̂ ^ , 1.36092, (l.R.Spectrum No.23). 

Reaction with Zinc, Preparation and Hydrolysis of Heptafluoroisopropyl-

zinc iodide. 

P u r i f i c a t i o n of Reagents. 

Zinc Dust. Comjuercial zinc dust (200g.) was treated wifch 10^ 

sulphuric acid (500 mis.) and allowed to stand for t h i r t y minutes when 

the supernatant solution was poured o f f . The zinc was washed several 

times with d i s t i l l e d water u n t i l the supernatant solution gave no 

precipitate with barium chloride. After washing three times with 

acetone, the zinc dust was dried under vacuum at 100°. 

Dioxane. Commercial dioxane usually contains a certain amount of 

glycol acetal and some water. On storage the acetal tends to undergo 

hydrolysis and the liberated acetaldehyde gives r i s e to rapid peroxide 

formation. The following p u r i f i c a t i o n processes were carried out. A 

mixture of commercial dioxane (2 l i t r e s ) cone, hydrochloric acid (27 ml.) 

and some water (200 mis.) were refluxed f o r twelve hours; during which 

time a slow stream of nitrogen was bubbled through the solution to 

entrain acetaldehyde. The solution was cooled, and potassium hydroxide 

pellets added slowly with shaking u n t i l they no longer dissolved and 

a second layer had separated. The dioxane was decanted, treated with 

fresh potassium Hydroxide pellets to remove adhering aqueous liq u o r , 

decanted i n t o a clean f l a s k , and refluxed with sodium f o r 12 hours. 
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The solvent was then d i s t i l l e d and stored under nitrogen. 
Preparation of Heptafluoroisopropylzinc iodide. 

Zinc dust (6.6g., O.lOlg.atom.), dioxane (20 mis.), and 8 mis. of 

a mixture of heptafluoro - 2 - iodopropane ( l 5 g . , 0.0506 mole.) i n 

dioxane ( l l mis.) contained i n a 3N flask f i t t e d with a mechanical 

s t i r r e r , dropping funnel andFriedrich condenser, were heated u n t i l the 

solution was just r e f l u x i n g . The remainder of the mixture of hepta­

fluoro - 2 - iodopropane and dioxane was then added at such a rate as 

to maintain t h i s r e f l u x i n g with s l i g h t l y less heating than before. 

After the addition, the reaction mixture was refluxed with s t i r r i n g 

f o r a further two hours during which time a gas (2.9.) was evolved. 

Analytical V.P.C. using t r i c r e s y l phosphate as stationaiy phase at 

room temperature, showed that t h i s gas consisted of a mixture of 

hexafluoropropene (l.9g.)'^aJ^d 2H-heptafluoropropane (l.Og.,) by means 

of coincident retention times with authentic samples; the r a t i o of the 

amounts of these two components was determined by t h e i r peak areas. 

Also the infrared spectrum of the mixture showed only bands characteristic 

of these two gases. 

Hydrolysis. The above reaction mixture was cooled to room temperature 

and treated with 2K sodium hydroxide (l5mls.), the addition taking ten 

minutes. The mixture was then refluxed for one and a hal f hours, when 

2H - heptafluoropropane was evolved (4.0g., 46.5^) (Pound: H,171.C^lc. 

for C,P„H:M.170); the infrared spectrum was ident i c a l to No.19 which 
3 7 

i n turn was id e n t i c a l to that of authentic 2H-heptafluoropropane 
(19) 

described i n the l i t e r a t u r e . 
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preparation of Heptafluoroisopropyl magnesium bromide and Reaction 
with Ethand. 

A three necked flask (250 mis.) f i t t e d with a mercury sealed s t i r r e r , 

Friedrich condenser and dropping funnel, was swept with nitrogen and 

charged with heptafluoro-2-iodopropane (l5.0g., 0.0506 mole.) and ether 

(30 mis.); t h i s solution was s t i r r e d , cooled (-78°) i n an acetone-solid 

carbon dioxide bath, and phenyl magnesium bromide (O.O5O6 mole.) i n 

ether (45 mis.) was added over a period of twenty-five minutes. This 

was followed by the addition of cooled (-50°) ethanol (5g. 0.189 mole.) 

i n ether (30 mis.) over the same length of time. The reaction mixture 

was allowed to warm to room temperature at the rate of 30° per hour, 

and was f i n a l l y refluxed f or three hours. Gaseous products were 

collected i n a cooled trap (-78°) i n which some ether also condensed. 

Separation of these materials by preprative scale V.P.C. using t r i c r e s y l 

phosphate as stationary phase at room temperature, nitrogen flowrate 

120 mls./min., gave hexafluoropropene (6,0g., 76^), and 2H-heptafluoro­

propane (l.Og., 9?̂ ) (Found: M.172. Calc. for Ĉ P̂ H: M.I71); both of 

these materials were characterised by t h e i r infrared spectra and coin­

cident retention times with authentic samples using analytical V.P C. 

with t r i c r e s y l phosphate as stationary phase at room temperature. 

Prepgtration of Heptafluoroisopropylma^nesium bromide and Reaction with 

Acetone. 

Heptafluoro-2-iodopropane (l5g.» O.O5O6 mole.) i n ether (30 mis.) 

was cooled (-78°) and a solution of phenylmagnesium bromide (O.O5O6 mole.) 

i n ether (44.5 mis.) was added slowly over a period of t h i r t y minutes 

simultaneously with a mixture of acetone (9.0g,, 0.155 mole,) and ether 

(10 mis.). 
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The reaction mixture was slowly warmed to room temperature when 

hexafluoropropene (l.Og.) was evolved and i d e n t i f i e d by i t s i n f r a r e d 

spectrum and retention time on analytical V.P.C. using t r i c r e s y l 

phosphate as stationary phase at room temperature; i t was also shown 

by the same analytical V.P.C. that a considerable amount more remained 

dissolved i n the ether. Ice cold 2N sulphuric acid (20 mis. ) was 

slowly added to the reaction mixture, resulting i n the disappearance 

of the s o l i d . The ether layer was separated, dried over magnesium 

sulphate and most of the solvent removed by d i s t i l l a t i o n through a 

packed column. The residue was d i s t i l l e d under vacuum at 100° and 

the d i s t i l l a t e was separated by preprative scale V.P.C. using t r i c r e s y l 

phosphate as stationary phase at 150°, nitrogen flowrate 210 mls./min. 

giving 3,4,4,4-tetrafluoro-2-methyl-3-trifluoromethylbutan-2-01 

(4,0g., 35^) (Pound: P,57.8; Ĉ F̂ Ĥ O requires F,58.3^) b.p. 109°/756 mm. 

n^ , 1.33421, (l.R. Spectrum No,24) and iodobenzene (8,5g., 69.5^) 

The l a t t e r was characterised by i t s coincident retention time with an 

authentic sample on analytical V.P.C. using silicone elastomer as 

stationary phase at 150°. 

A black o i l y l i q u i d (4.0g.) remained from the vacuum d i s t i l l a t i o n . 

Preparation of Heptafluoroisopropylmagnesium bromide and Reaction with 
Propionaldehyde. 

Heptafluoro-2-iodopropane (l5g. 0.0506 mole.) i n ether (25 mis.) 

solution was cooled to -40° and treated with phenylmagnesium bromide 

(0.0506 mole.) i n ether (24 mis.) and propionaldehyde (5.9g.,0.102 mole.) 

i n ether (20 mis.) simultaneously over a period of f o r t y minutes. This 

reaction mixture was warmed to room temperature at the rate of 30° per 

hour when a small amount of hexafluoropropene was evolved and was 
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characterised by i t s coincident retention time with an authentic sample 

using analytical V.P.C. with t r i c r e s y l phosphate as stationary phase 

at room temperature. The mixture was then cooled by an ice bath and 

treated with ice cold 2N sulphuric acid (20 mis.). The two layers 

were separated and the aqueous one extracted twice with ether; the 

combined ether extracts were dried over magnesium sulphate, and most 

of the ether removed by d i s t i l l a t i o n through a 1 f t . colxunn packed with 

glass helices. The residue was d i s t i l l e d under reduced pressure (l5mm. 

Hg.) from a b o i l i n g water bath and was introduced onto a p:*eprative 

scale V.P C, column using t r i c r e s y l phosphate as stationary phase at 

150°, nitrogen flowrate 210 mls./min. This gave 1,1,1,2-tetrafluoro-

2 - t r i f l u o r o - methylpentan - 5 - o l (2g., 17.5^) (Found: P, 581 ; 

M. 227.1 by Victor Meyer's method. Ĉ F̂ Ĥ O requires: F, 58.3^; M.228) 

b.p. 109° n^^ , 1.32875. (l.R. Spectrum No.25)-o 20 

A black o i l y residue (3g-») was also obtained from the reduced 

pressure d i s t i l l a t i o n . 

Preparation and reactions of Heptafluoroisopropyllithium. 

Preparation of n ButylLithium. 

Lithium Shot. The diagram shown i n diagram 10 was f i l l e d with a 

mechanical s t i r r e r , a i r condenser, and r i n g burner; petroleum o i l 

(b.p. 220 - 240°) and small pieces of l i t h i i i m metal were then introduced 

i n t o the apparatus. After purging the apparatus with nitrogen the o i l 

was heated to b o i l i n g and the lit h i u m dispersed by vigorous s t i r r i n g . 

The s t i r r i n g was discontinued after about f i v e minutes and the apparg^tus 

was allowed to cool to room temperature. The o i l was run o f f , and the 

l i t h i u m shot washed three or four times with pentane and eventually 
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washed d i r e c t l y into the reaction vessel. 
n Butyl Lithium was pepared as described by Oilman et a l . ^ ^ ^ ^ 

n Butyl bromide (68.5g-, 0.5 mole.) i n dry pentane (lOO mis.) was 

gradually added to l i t h i u m shot (6.9g., 1,0 mole.) i n pentane (4OO 

mis.) contained i n a three-necked flask f i t t e d with a dropping funnel, 

mechanical s t i r r e r , and Friedrich condenser. The solution soon 

turned dark blue and the addition was controlled so as to maintain 

steady r e f l u x i n g . When a l l the n butyl bromide had been added, the 

so l i d l i t h i u m bromide was allowed to settle and the supernatant l i q u i d 

was transferred to a graduated dropping funnel via P.V.C. tubing. 

The strength of the solution was determined by hydrolysis of an aliquot 

(1 ml.) and t i t r a t e d with acid (o.IN) using bromocresol green as 

indicator (91^ y i e l d ) . 

n-Butyl lithium i n pentane solution i s stable for several months; 

for reactions requiring ethers as solvents, the pentane was usually 

removed by evaporation and replaced by the ether. 

Methyl Lithium was prepared by a similar proceedure using methyl 

iodide i n place of n butyl bromide. 

Preparation and Decomposition of Heptafluoroisopropyl Lithium. 

Heptafluoro-2-iodopropane (l5.0g., 0,0506 mole.) i n dry pentane 

(50 mis.), and a 0.73N solution of n-butyl l i t h i u m i n pentane (69.5 mis, 

O.O5O6 mole.) were added simultaneously to pentane (20 mis.) con­

tained i n a 3N flask f i t t e d with a mechanical s t i r r e r and two dropping 

funnels, and cooled to -78° i n an acetone-solid carbon dioxide bath, 

the time taken for the above addition was about t h i r t y minutes, after 

which the reaction mixture was slowly warmed to room temperature and 
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refluxed f o r one hour. Hexafluoropropene (5.6g,, 73*5^) (Pound: 

M.151 Calc. f o r C,P̂  s M-I50) was evolved, p u r i f i e d by fractionation 
3 o 

i n vacuo, and further characterised by i t s infrared spectrum and 

coincident retention time with an authentic sample on analytical V.P.C. 

using t r i c r e s y l phosphate as staionary phase at room temperature. The 

remaining pentane solution was investigated by analytical V.P.C. using 

t r i c r e s y l phosphate as staionary phase at 140°, and shown to contain 

a peak with a retention time coincident with authentic n-butyl iodide. 

A test solution of n-butyl iodide i n pentane was made, and by comparison 

of peak areas from t h i s and the reaction product, i t was shown that 

approximately 7.5g. of n-butyl i o d i d e had been formed i n the reaction 

(80^ y i e l d ) . 

Preparation and attempted Hydrolysis of Heptafluoroisopropyl l i t h i u j a . 

Heptafluoroisopropyl lithium was pEpared on the same scale using 

the same procedure as above, and four attempts to hydrolyse i t were 

made. 

Reaction 1, Ethanol (50 mis.) was added to the reaction mixture 

immediately after the mixing of the heptafluoro-2-iodopropane and 

n-butyl l i t h i u m , and the mixture warmed to refluxing as before, 

Hexafluoropropene (5.1g.t 67^) was evolved and characterised as before 

by i t s infrared spectrum and retention time. 

Reaction 2. The reaction mixture from the preparation of the hepta­

fluoroisopropyl lithiiam was warmed to -10° and treated w i t h 2N sulphuric 

acid (40 mis.), Hexafluoropropene (5.0g,, 66^) was again the only 

gaseous product. 

Reaction 3. Reaction 2 was repeated with diethylether as solvent 
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instead of pentane; t h i s again resulted i n the formation of hexafluoro-

propene (5.0g., 66^) which was p a r t i a l l y isolated from the ether by 

frac t i o n a t i o n i n vacuo and then obtained pure by preprative scale V.P.C 

using t r i c r e s y l phosphate as stationary phase at room temperature, 

nitrogen flowrate 100 mls./min. 

Reaction 4. Ether was again used as solvent. The cold (-78°) reaction 

mixture was treated with a mixture of ethanol (lO mis.) and ether (50 

mis.) cooled to -60°; t h i s again gave hexaf luoropropene (5.0g., 66^^). 

Preparation of Heptafluoroisopropyl Lithium and Reactions with 

Propionaldehyde. 

A solution of heptafluoro-2-iodopropane (30g.,0Xl2 mole.) i n 

ether (60 mis.) contained i n a 3N flask f i t t e d with mechanical s t i r r e r 

and two dropping funnels, was cooled to -78° and treated simultaneously 

with methyl l i t h i i i m i n ether solution (74.4 mis.), 1.36N, 0.1012 mole.) 

and freshly d i s t i l l e d propionaldehyde ( l l . 8 g . , 0.204 mole.) i n ether 

(60 mis.). The addition was carried out over a period of t h i r t y 

minutes and the reaction mixture was then warmed to room temperature 

at the rate of 30° per hour; t h i s resulted i n the evolution of hexa-

fluoropropene (l.5g.)- Ice cold 2N sulphuric acid (60 mis.) was added 

to the reaction mixture, the two layers were separated, the aqueous 

one extracted with ether, and the ether portions combined and dried 

over magnesium sulphate. Ether, propionaldehyde and heptafluoro-2-

iodopropane were removed by d i s t i l l a t i o n through a packed column; t h i s 

d i s t i l l a t e was analysed for fluorine and shown from t h i s analysis to 

contain 9.5g. of unreacted heptafluoro-2-iodopropane. The residual 

l i q u i d was then d i s t i l l e d through a 1 f t . Vigreux column y i e l d i n g a 
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d i s t i l l a t e (9.0g. 5 ^ y i e l d , lOfo conversion) o f b o i l i n g range 109° -
112 , which gave a peak always w i t h a s l i g h t i n f l e c t i o n , when 
i n v e s t i g a t e d by a n a l y t i c a l V.P.C. u s i n g t r i c r e s y l phosphate o r s i l i c o n e 
elastomer as s t a t i o n a r y phase at temperatures r a n g i n g from 80° t o 12o°. 
No s e p a r a t i o n o f the two components c o u l d t h e r e f o r e be hoped f o r by 
p e p r a t i v e scale V,P.C, 

The i n f r a r e d spectrum o f t h i s product (l.R.Spectrum Ko,26) was 

almost i d e n t i c a l t o 1 , 1 , 1 , 2 - t e t r a f l u o r o - 2 - t r i f l u o r o m e t h y l p e n t a n - 3 - o l 

prepared from h e p t a f l u o r o i s o p r o p y l magnesium bromide and propionaldeEyde 

(I.E.Spectrum No.25)> but the a n a l y s i s and moleacular weight were bot h 

ve r y low (Pound: 51.8; M.174.1.CgF^H^0 r e q u i r e s P,58.3^; M.228). This 

suggests the presence o f some n o n - f l u o r i n e c o n t a i n i n g i m p u r i t y whose 

i n f r a r e d spectrum d i d not appear, due t o the low c o n c e n t r a t i o n and t h i n 

f i l i u . 

A b l a c k o i l y r e s i d u e (7.0g.) was o b t a i n e d from the d i s t i l l a t i o n , 

A p r e l i m i n a r y r e a c t i o n i d e n t i c a l t o the above one was c a r r i e d out 

u s i n g n - b u t y l l i t h i u m i n s t e a d o f methyl l i t h i u m . I t was found, however, 

t h a t the n - b u t y l i o d i d e formed i n t h i s r e a c t i o n c o u l d not be separated 

from the product by d i s t i l l a t i o n whereas methyl i o d i d e was e a s i l y 

separated. 

P r e p a r a t i o n o f He T } t a f l u o r o i a o p r o p y l L i t h i u m and Reaction w i t h Acetone. 

H e p t a f l u o r o - 2- iodopropane (20g., 0.0676 mole.) and e t h e r (20 mis.) 

c o n t a i n e d i n a 3N f l a s k , were cooled t o -78° and t r e a t e d w i t h m e t h y l 

l i t h i u m (0.0676 mole.) i n e t h e r (80 mis.) and pure d r y acetone ( l 2 g , , 

0,207 mole.) i n e t h e r (20 mis.) over a p e r i o d o f t w e n t y - f i v e m i n u t e s . 

I h i s m i x t u r e was s l o w l y brought t o room temperature and hexafluoropropene 

( l . 5 g . ) was evolved. Treatment w i t h 2N s u l p h u r i c a c i d (40 mis.) 
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f o l l o w e d by s e p a r a t i o n o f the l a y e r s and d i s t i l l a t i o n o f the e t h e r , 

was c a r r i e d out as p r e v i o u s l y d e s c r i b e d . The re s i d u e from the e t h e r 

d i s t i l l a t i o n was d i s t i l l e d under reduced pressure and t h i s d i s t i l l a t e 

s eparated by p r e p r a t i v e scale V.P.C- u s i n g t r i c r e s y l phosphate as 

s t a t i o n a r y phase at 150*^, n i t r o g e n f l o w r a t e 170 m.ls*/m±n, i n t o 

5,4,4,4»tetrafluoro - 2 - methyl - 3 - t r i f l u o r o m e t h y l - 2 - o l 

(2.5g., Ijfo) (Pound: F,57.5; Ĉ F̂ Ĥ O r e q u i r e s F, 5B.jfo), b.p. 109°, 

i n f r a r e d spectrum i d e n t i c a l t o the same product prepared from 

h e p t a f l u o r o i s o p r o p y l magnesium bromideand acetone (l.R.Spectrum No.24.)f 

and m e s i t y l oxide(2+0g. 19.5^)- The l a t t e r had a c o i n c i d e n t r e t e n t i o n 

time w i t h an a u t h e n t i c sample when i n v e s t i g a t e d by a n a l y t i c a l V.P.C, 

w i t h t r i c r e s y l phosphate as s t a t i o n a r y phase at 115°-

A b l a c k o i l (4.7g.) remained from the f i n a l d i s t i l l a t i o n . 
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REACTIONS OF FLUORQCARBON IODIDES AKD CHLORIDES WITH n-BUTYL LITHITO. 

P e n t a f l u o r o i o d o e t h a n e : P r e p a r a t i o n and decomposition o f p e n t a f l u o r o e t h y l 

l i t h i x i m . 

A 3N f l a s k f i t t e d w i t h a mechanical s t i r r e r , F r i e d r i c h condenser 

and dropping f u n n e l and c o n t a i n i n g pentane ( l 5 mis.) was cooled t o -78° 

and charged w i t h p e n t a f l u o r o i o d o e t h a n e (5.0g., 0.0203 mole,) by i t s 

e v a p o r a t i o n from a small f l a s k i n a slow stream o f n i t r o g e n , i n t o the 

r e a c t i o n v e s s e l . n - B u t y l l i t h i u m (0.0203 mole.) i n pentane (27.6 mis.) 

was s l o w l y added over a p e r i o d o f t h i r t y minutes and the r e a c t i o n 

m i x t u r e was allowed t o warm t o room temperature d u r i n g two hours; t h e 

r e a c t i o n was con t i n u e d under pentane r e f l u x f o r a f u r t h e r hour and a 

h a l f . 

T e t r a f l u o r o e t h y l e n e (2.04g., 885^), was evolved, and c o l l e c t e d i n 

a l i q u i d a i r t r a p , t o g e t h e r w i t h q u i t e a l o t o f pentane; these were 

separated by f r a c t i o n a t i o n i n vacuo. The t e t r a f l u o r o e t h y l e n e was 

c h a r a c t e r i s e d by i t s i d e n t i c a l i n f r a r e d spectrum t o t h a t o f pure 

a u t h e n t i c t e t r a f l u o r o e t h y l e n e , and by i t s c o i n c i d e n t r e t e n t i o n time 

w i t h the l a t t e r u s i n g a n a l y t i c a l V.P.C. w i t h s i l i c o n e t r i m e r as 

s t a t i o n a r y phase at 0°. 

P r e p a r a t i o n and H y d r o l y s i s of P e n t a f l u o r o e t h y l L i t h i u i n . 

The i n i t i a l r e a c t i o n m i x t u r e at - 7 8 ° i n the above r e a c t i o n was 

t r e a t e d w i t h a m i x t u r e o f 2N s u l p h u r i c a c i d (7 mis.) and e t h a n o l (7 m i s . ) ; 

on warming t o r e f l u x t e t r a f l u o r o e t h y l e n e (2.0g., 87?^) was evo l v e d and 

i d e n t i f i e d as b e f o r e . A n a l y t i c a l Y.P.C. u s i n g s i l i c o n e t r i m e r as 

s t a t i o n a r y phase at 0*̂  gave a small peak besides t h e l a r g e one o f 

t e t r a f l u o r o e t h y l e n e ; t h i s c o u l d be a t t r i b u t e d t o a t r a c e o f 

p e n t a f l u o r o e t h a n e . 
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Tetrafluoro-1, 2-diiodoethane• 
Reaction 1« 

Tetrafluoro-1, 2-diidoethane (lO.Og., 0.0283 mole.) i n pentane 

(lO mis.) contained i n a y^i f l a s k , was cooled to -50° and treated with 

n-butyl l i t h i u m (0.0566 mole.) i n pentane (74 mis.) A white p r e c i p i t a t e 

was formed immediately and tetrafluoroethylene (2.7g., 95?o) was evolved, 

i?he r e a c t i o n mixture was warmed to room temperature and an aliquot 

( l ml.) was hydrolysed and t i t r a t e d with standard acid. The t i t r a t i o n 

showed that approximately h a l f of the n-butyl l i t h i u m had reacted. 

The white p r e c i p i t a t e was shown to c o n s i s t e n t i r e l y of l i t h i u m iodide 

by i t s inorganic nature and complete s o l u b i l i t y i n water. 

Reaction 2. 

Jhis r e a c t i o n was c a r r i e d out s i m i l a r l y to Reaction 1 except that 

the t e t r a f l u o r o - 1 , 2-diiodoethane was added to the n-butyl l i t h i u m 

s o l u t i o n cooled to -78°» The same products as i n Reaction 1 were 

obtained. 

Reaction 3. 

Reaction 2 was repeated with the r e a c t i o n f l a s k cooled to -90° 

using a methylene c h l o r i d e - l i q u i d a i r " s l u s h " bath. Lithium iodide was 

again p r e c i p i t a t e d imffiediately, t e t r a f luoroethylene (2.6g., 92^) was 

evolved on warming above about -60°. 

Reaction 4» 

Reaction 2 was repeated using ethyleneglycoldimethylether as 

solvent; t h i s i s r e a d i l y cleaved by n-butyl l i t h i i i m , and therefore the 

two had to be mixed at -50° a f t e r evaporating o f f most of the pentane 

i n a r a p i d stream of nitrogen. Lithium iodide was again p r e c i p i t a t e d 
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at -78°, but t e t r a f l u o r o e t h y l e n e c o u l d not be i s o l a t e d from the 

s o l v e n t by d i s t i l l a t i o n . The presence o f t e t r a f l u o r o e t h y l e n e i n t h e 

s o l v e n t was shown by a n a l y t i c a l V.P.C. u s i n g s i l i c o n e t r i m e r as 

s t a t i o n a r y phase a t 0°. No l i t h i u m f l u o r i d e was formed, since a l l 

the p r e c i p i t a t e d i s s o l v e d i n water. 

Reaction 5* 

The same r e s u l t as Reaction 4 was ob t a i n e d when t e t r a h y d r o f u r a n 

was used as s o l v e n t i n s t e a d o f e t h y l e n e g l y c o l d i m e t h y l e t h e r , a t e i t h e r 

-78° or -90°. 

l - C h l o r o t e t r a f l u o r o - 2 - iodoethane; 

This was prepared by the r e a c t i o n between i o d i n e monochloride 

and t e t r a f l u o r o e t h y l e n e i n the r o t a t i n g autoclave a t 45°.^^^^ The 

r e a c t i o n , when performed on a molar s c a l e gave a y i e l d o f 8 1 ^ o f 

1 - c h l o r o t e t r a f l u o r o - 2 - iodoethane. 

1 - C h l o r o t e t r a f l u o r o - 2 - iodoethane ( l 5 g . , 0,057 mole.) and 

pentane contai n e d i n a 3N f l a s k which was cooled t o -90°, were s l o w l y 

treated w i t h n - b u t y l l i t h i u m ( 0 . I I 4 mole.) i n pentane (125 mis.) 

r e s u l t i n g i n the f o m a t i o n o f a small amount o f wh i t e p r e c i p i t a t e . 

More p r e c i p i t a t e was formed d u r i n g the warming up p e r i o d , and t e t r a ­

f l u o r o e t h y l e n e (4.45g. , IQfo) was evolved. The l a t t e r c o n t a i n e d a 

t r a c e o f c h l o r o t r i f l u o r o e t h y l e n e as was shown by a n a l y t i c a l V.P.C. 

w i t h s i l i c o n e t r i m e r as s t a t i o n a r y phase at 0°, u s i n g a u t h e n t i c samples 

cf b o 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 t o compare 

r e t e n t i o n t i m e s . 

Most o f the p r e c i p i t a t e d i s s o l v e d on the a d d i t i o n o f water, b ut 

a s m a l l amount remained u n d i s s o l v e d ; t h i s was c o n s i s t e n t w i t h the 
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p r e c i p i t a t e b e i n g mainly l i t h i u m c h l o r i d e w i t h a t r a c e o f l i t h i u m 

f l u o r i d e . 

1,1,2 - T r i c h l o r o t r i f l u o r o e t h a n e . 

Pentane (20 mis.) c o n t a i n e d i n a f l a s k cooled t o -78°, was t r e a t e d 

s i m u l t a n e o u s l y w i t h 1,1,2 - t r i c h l o r o t r i f l u o r o e t h a n e (19.3g. iOJ.03 mole, 

i n pentane (25 mis.) and n - b u t y l l i t h i u m (0.206 mole.) i n pentane 

( l 7 4 m i s . ) . C h l o r o t r i f l u o r o e t h y l e n e (9.5g., 78.5^) was evolved on 

warming t o r e f l u x and was c h a r a c t e r i s e d by i t s i n f r a r e d spectrum and 

c o i n c i d e n t r e t e n t i o n time w i t h an a u t h e n t i c sample u s i n g a n a l y t i c a l 

V.P.C. w i t h t r i c r e s y l phosphate as s t a t i o n a r y phase at room temperature 

a l s o , l i t h i u m c h l o r i d e was p r e c i p i t a t e d and c h a r a c t e r i s e d l a t e r by i t s 

s o l u b i l i t y i n water. The unreacted n - b u t y l l i t h i u m was h y d r o l y s e d w i t h 

water f o r m i n g two c l e a r l a y e r s . The pentane p o r t i o n was shown t o 

c o n t a i n n - b u t y l c h l o r i d e ( l 0 . 8 g , , 8 0 ^ ) ; t h i s amount was determined by 

making up t e s t m i x t u r e s o f a u t h e n t i c n - b u t y l c h l o r i d e i n pentsine and 

comparing peak areas on a n a l y t i c a l V.P.C. u s i n g t r i c r e s y l phosphate 

as s t a t i o n a r y phase at 160°. The pentane from the organic l a y e r was 

then removed by d i s t i l l a t i o n through a c o n c e n t r i c tube column (22 

t h e o r e t i c a l p l a t e s ) , and the residue (3.0g.) was shown by a n a l y t i c a l 

V.P.C, under i d e n t i c a l c o n d i t i o n s to the above, t o c o n t a i n s i x 

components: pentane, octane, n - b u t y l c h l o r i d e , n - b u t y l bromide a l l 

c h a r a c t e r i s e d by c o i n c i d e n t r e t e n t i o n times w i t h a u t h e n t i c samples, 

and two o t h e r components. These l a t t e r were i s o l a t e d by p r e p r a t i v e 

s c a l e V.P.C. u s i n g t r i c r e s y l phosphate as s t a t i o n a r y phase at 148°, 

n i t r o g e n f l o w r a t e 120 mls./min., but were found t o c o n t a i n n e i t h e r 

c h l o r i n e nor f l u o r i n e . 
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P i c h l o r o d e c a f l u o r o c y c l o h e x a n e . 

This was i s o l a t e d from the r e a c t i o n between c o b a l t t r i f l u o r i d e 

and hexachlorobenzene and c o n s i s t e d o f a m i x t u r e o f the 1,2; 1,3; and 
(22) 

1,4 - d i c h l o r o d e c a f l u o r o c y c l o h e x a n e s . 

Pure dry heptane ( l 5 mis.) c o n t a i n e d i n a 3N f l a s k was cooled t o 

-78° and a s o l u t i o n o f d i c h l o r o d e c a f l u o r o c y c l o h e x a n e (l5-7g.,0.045 mole.) 

i n heptane (25 mis.) was added dropwise s i m u l t a n e o u s l y w i t h a s o l u t i o n 

o f n - b u t y l l i t h i u m (0.090 mole.) i n heptane ( l 6 4 m i s . ) . The r e a c t i o n 

was s l o w l y warmed as be f o r e and at -20^ an a l i q u o t ( l ml,),was removed 

and h y d r o l y s e d . T i t r a t i o n of t h i s sample showed t h a t a l l the n - b u t y l 

l i t h i u m had r e a c t e d . V o l a t i l e m a t e r i a l (6 g.) was separated from t he 

s o l v e n t by r e f l u x i n g ^ u s i n g a F r i e d r i c h condenser and cooled t r a p (-78°). 

F r e p r a t i v e s cale V.P.C. u s i n g t r i c r e s y l phosphate as s t a t i o n a r y phase 

at room temperature, n i t r o g e n f l o w r a t e 110 mls./min,, separated t h i s 

v o l a t i l e m a t e r i a l i n t o t h e f o l l o w i n g t h r e e components: 

Decafluorocyclohexene: t h i s was cnly formed i n ve r y s m a l l amounts 

(approx. 0 , l g , ) and was i d e n t i f i e d by i t s c o i n c i d e n t r e t e n t i o n time 

w i t h an a u t h e n t i c sample on a n a l y t i c a l V.P.C. u s i n g t r i c r e s y l phosphate 

as s t a t i o n a r y phase at room temperature, and al s o by i t s i d e n t i c a l 

i n f r a r e d s p e c t r i m w i t h t h i s a u t h e n t i c sample ( l , R . Spectrum No, 26̂ 5) 

O c t a f l u o r o c y c l o h e x a - 1 : 4-diene: t h i s was formed i n r o u g h l y t h e 

same amount as the decafluorocyclohexene and was i d e n t i f i e d by an 

i d e n t i c a l procedure. ( l . R . Spectrum No,27). 

Chlorononafluorocyclohexene (2,0g,, 14.8^) (Found: F,58.1; CI,13.8; 

M.279. O^F^CI r e q u i r e s : F,61.4; CI,12.8^; M.278.5).(l.R.Spectrum No.28), 

This compound was e a s i l y o x i d i s e d by potassium permanganate i n acetone 
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s o l u t i o n which s t r o n g l y i n d i c a t e d u n s a t u r a t i o n . This u n s a t u r a t i o n was 

confirmed by two peaks a t l 7 6 l ( m ) , 1698(w)cms '''in i n f r a r e d spectrum 

which i s the r e g i o n where c h a r a c t e r i s t i c f r e q u e n c i e s o f the carbon-

carbon double band are observed. 

O c t a f l u o r o c y c l o h e x a - 1 : 3-diene: r o u g h l y the same amount was 

formed as decafluorocyclohexene, and the i d e n t i f i c a t i o n procedure was 

i d e n t i c a l (I.R.Spectrum No.29). 

No s i g n o f any unreacted d i c h l o r o d e c a f l u o r o c y c l o h e x e n e was observed 

among the p r o d u c t s . 

Reaction w i t h D i c h l o r o d e c a f l u o r o c y c l o h e x a n e i n Pentane S o l u t i o n . 

The p r e v i o u s r e a c t i o n was repeated i n pentane s o l u t i o n , but 

s e p a r a t i o n o f any v o l a t i l e p r o d u c t s from the s o l v e n t was found t o be 

i m p r a c t i c a b l e . L i t h i u m f l u o r i d e and c h l o r i d e (2.7g.) were f i l t e r e d 

from the r e a c t i o n m i x t u r e , and pentane was d i s t i l l e d t h r o u g h a packed 

column. The residue from t h i s d i s t i l l a t i o n was shown t o c o n t a i n f i v e 

components u s i n g a n a l y t i c a l V.P C, w i t h t r i c r e s y l phosphate as s t a t i o n a r y 

phase at 150°. Three o f these components were i n l a r g e excess, two o f 

which were c h a r a c t e r i s e d by t h e i r r e t e n t i o n times on the above mentioned 

a n a l y t i c a l V.P.C. u s i n g a u t h e n t i c samples; these were pentane and n - b u t y l 

c h l o r i d e . The othe r component ( l . 4 g - ) was i s o l a t e d u s i n g p r e p r a t i v e 

scale V.P.C. w i t h t r i c r e s y l phosphate as s t a t i o n a r y phase at 150°, 

n i t r o g e n f l o w r a t e 200 mls./min. (Found: F,47.2; C i , n i l ; M.299 b. p . l 5 2 -

5°/735 mm. n^*^ 1.38063 ( l . R . Spectrum N0.30). This compound gave a 

s i n g l e peak on the a n a l y t i c a l V.P.C. under the c o n d i t i o n s d e s c r i b e d 

above, and was also shown t o be u n s a t u r a t e d by i t s r e d u c t i o n o f a ifo 

s o l u t i o n o f potassium permanganate i n acetone. 
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Reaction with 1.4-Dichlorododecaf luorQ-2. 3-dimethyrDutanfe 1. 

CP_ CF^ 
CF — CF 

/ N 

CF^Gl CF^Cl-

1, 

4-reparation of_J._._ 

A c a r i u s tube was charged with l-chloro-2-iodohexafluoropropane 

(40.6g., 0.13 mole.) and mercury (60g.) and was sealed under vacuiuQ. 

Hhe tube was t h e n shaken w h i l s t i n a h o r i z o n t a l p o s i t i o n and was 

i r r a d i a t e d f o r e i g h t days with u l t r a v i o l e t l i g h t u s i n g a Hannovia 

u l t r a v i o l e t lamp; the colour changes of the mercury were red, yellow 

and f i n a l l y dark yellowish-grey. V o l a t i l e material (20.5gO was 

removed under vacuum and was found by a n a l y t i c a l V.P.C. u s i n g s i l i c o n e 

elastomer as s t a t i o n a r y phase at 100° to cons i s t of a s i n g l e component; 

l,4-c'ichlorododecafluoro-2, 3-dimethylbutane (20.5g.f 85?^) (Found: 

F.61.0; CI, 19.5; C^Cl^F^^ r e q u i r e s F, 61.45; CI. 19.15?^) b.p, 117.3°/ 

765 mm., n^^ 1.32126 (l.R.Spectrum No.31.) 

Reaction with n-Butyl Lithium.. 

A s o l u t i o n of n-butyl l i t h i u m (0.0452 mole.) i n heptane (68.5 mis.) 

contained i n a 3N f l a s k f i t t e d with s ..-echanical s t i r r e r , dropping funnel 

and F r i e d r i c h condenser, was cooled to -78° and a s o l u t i o n of 1,4-dich-

lorododecafluoro-2, 3-dimethylbutane (Sg., 0.0216 mole.) i n heptane 

(10 mis.) was added dropwise over a period of t h i r t y minutes. The 

r e a c t i o n was continued by vrarrrdng the r e a c t a n t s to room temperature over 

a period of two hours. An aliquot ( l ml.) of t h i s r e a c t i o n mixture was 

hydrolysed and a neutral s o l u t i o n was obtained; t h i s showed that a l l 
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the n - b u t y l l i t h i u m had r e a c t e d . V o l a t i l e p r o d u c t s were c o l l e c t e d 

i n a cooled t r a p ( - 7 8 ° ) by d i s t i l l a t i o n t h rough a Vigreux column 

c o l l e c t i n g a f r a c t i o n b o i l i n g range 20 - 98° ; a co n s i d e r a b l e amount 

o f heptane and n - b u t y l c h l o r i d e a l s o d i s t i l l e d . P r e p r a t i v e scale 

V.P.C. u s i n g t r i c r e s y l phosphate as s t a t i o n a r y phase at 7 0 ° , n i t r o g e n 

f l o w r a t e 120 mls./min. enabled f o u r c u t s o f t h i s d i s t i l l a t e to be 

i s o l a t e d ; each one corresponding t o a s i n g l e peak. 

CUT I , 

This was o b t a i n e d i n o n l y a small amount and could not be 

i d e n t i f i e d , but i t s v o l a t i l i t y and r e t e n t i o n time i n d i c a t e d t h a t i t 

might be d e c a f l u o r o - 2 , 3-dimethylbutadiene 11, 

CF, CF_ GF- CP, 5 \ / 5 3 \ / 3 
C - C C - CP 

\ CP C P ^ CP ( 

I I 111 

CUT 11. 

This was c h a r a c t e r i s e d as 4 - c h l o r o u n d e c a f l u o r o - 2 , 3 - d i m e t h y l b u t -

1 - ene ITl ( l . 3 g . , 22^) (Found: F, 65.6; CI.10.6; M .3I8. C^CIP,^ 
D 10 

r e q u i r e s : F, 66.0; CI.11.2^; M. 316.5) b.p. a 6 , 6 ° / 7 6 4 mm. n^*^ 1.30611. 

(l.R.Spectrum No.32). Reduction o f potassium permanganate i n acetone 

confirmed u n s a t u r a t i o n a l r e a d y i n d i c a t e d by the band at l7-tS cms. * 

i n the i n f r a r e d spectrum, 

CUT 111. - Heptane. 

GUT IV. - n - B u t y l c h l o r i d e which was i d e n t i f i e d by i t s r e t e n t i o n t i m e 

on a n a l y t i c a l V.P.C,, s i l i c o n e elastomer as s t a t i o n a r y phase at lOCP 
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This l a s t component was combined w i t h the r e s i d u e from the 

d i s t i l l a t i o n and the t o t a l amount of n - b u t y l c h l o r i d e (0,82g.,) 

p r e s e n t was determined by u s i n g the a n a l y t i c a l V.P.C, des c r i b e d 

above, comparing peak areas w i t h a t e s t m i x t u r e o f a u t h e n t i c n - b u t y l 

c h l o r i d e i n heptane. 
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V A P O U R PHASE CHROIVJ A T O G R A P H Y 

A n a l y t i c a l 

A G r i f f i n and George Mark I I B model w i t h two U-shaped columns 

( 3 f t X x i n . ) wa.s used f o r most a n a l y t i c a l work. The packings 

c o n s i s t e d o f k i e s e l g u h r as i n e r t sup'oort w i t h 40fc of s t a t i o n a r y phase, 

the l a t t e r u s u a l l y b e i n g d i n o n y l p h t h a l a t e ( D . K . P . ) > t r i c r e s y l 

phosphate ( T . C . P . ) or s i l i c o n e elastomer. A low temperature apparatus 

i n v o l v i n g a t h e r m i s t o r d e t e c t o r was c o n s t r u c t e d where the column 

packing was s i l i c o n e t r i n e r on k i e s u l g u h r . The column was c o n s t r u c t e d 

i n two ways. The f i r s t one c o n s i s t e d o f s i x t e e n f e e t o f P.V.C.tube 

( 0 . 5 i n , i n t e r n a l diameter) which a f t e r packing was c o i l e d i n t o a 

Dewar f l a s k ; t h e l a t t e r c o u l d then be f i l l e d w i t h i c e or o t h e r c o o l i n g 

m i x t u r e s . R e s u l t s on t h i s colximn were reproducable p r o v i d e d t h a t t h e 

column was not d i s t u r b e d at a l l . The second column c o n t a i n i n g t h i s 

p a c k i n g was a twel v e f t . x 0.2 i n . i n t e r n a l diameter g l a s s U-tube 

which was cool e d by im_-iersion i n a l o n g (6 f t . ) Dewar f l a s k c o n t a i n i n g 

c o l d m e t h y l a t e d s p i r i t s . The l a t t e r was cooled by c i r c u l a t i o n through 

a copper s p i r a l i n a c o o l i n g b a t h u s i n g a c e n t r i f u g a l c i r c u l a t i n g 

pump. The temperature o f the me t h y l a t e d s p i r i t s was a d j u s t e d by 

v a r y i n g the l e n g t h of copper s p i r a l , t h e c o o l i n g b a t h , and/or t he r a t e 

of c i r c u l a t i o n (see Diagram 1 1 . ) , 

P r e p r a t i v e Scale. 

This apparatus c o n s i s t e d of a h o r i z o n t a l column l e a d i n g t o a 

s e p a r a t e l y heated d e t e c t o r and then t o a t r a p p i n g system; the c a r r i e r 

gas, n i t r o g e n was sucked through the apparatus. 

KUSGRAVE, Ghem. and I n d , 1959, 46. 
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Columna. ( s e e diagram 12.) 

These c o n s i s t e d of two U-tubes (8 f t . x i n . each c o n t a i n i n g 

c a . 375g. pac k i n g ) connected "by narrow bore s i l i c o n e rubber t u b i n g 

and packed w i t h the same p r o n o r t i o n s of m a t e r i a l s as d e s c r i b e d f o r 

a n a l y t i c a l s c a l e . The h e a t i n g system c o n s i s t e d of a r e c t a n g u l a r 

aluminium box (6 f t . x 9 i n s . ) lagged w i t h f i b r e g l a s s , c o n t a i n i n g a 

de t a c h a b l e l i d , and h e a t e d by a s t r i p h e a t e r p o s i t i o n e d beneath a 

f a l s e bottom. Rapid change of temnerature was a c q u i r e d by means o f 

a "blower" which c i r c u l a t e d the a i r i n s i d e the box p a s t the h e a t e r . 

The n i t r o g e n , p r i o r to coming i n c o n t a c t with the sample was heated 

i n s i d e the box by passage through t w e n t y - f i v e f e e t o f copper tube 

( s p i r a l ) . The sample was e i t h e r i n j e c t e d i n t o the n i t r o g e n stream 

through a seriim cap, or evaporated d i r e c t l y i n the n i t r o g e n stream 

by d i v e r t i n g the l a t t e r through a t r a p c o n t a i n i n g the sample. The 

i n j e c t e d sample was q u i c k l y v a p o u r i s e d by means of a p r e h e a t e r , which 

c o n s i s t e d of a g l a s s tube ( 2 f t . x ^ i n . diameter) packed w i t h g l a s s 

wool and h e a t e d by means o f a h e a t i n g tape to about 100° above the 

temperature o f the box. 

D e t e c t o r , 

T h i s was of the t h e r m i a t e r type s e a l e d i n t o an aluminium b l o c k 

and i n c o r p o r a t i n g a bypass of the n i t r o g e n stream through t h i s b lock; 

the diameters of the g l a s s tubes l e a d i n g past the t h e r m i s t o r bead 

and through the bypass were arranged so that 80^- o f the n i t r o g e n went 

through the l a t t e r . The d e t e c t o r was p o s i t i o n e d i n s i d e a s m a l l 

aluminium box which was packed w i t h a s b e s t o s wool; t h i s box a l s o 

c o n t a i n e d a s m a l l e l e c t r i c a l h e a t e r which was c o n t r o l l e d by a v a r i a c . 
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Trapping System, ( s e e diagram 13.) 

T h i s was of the s t r a i g h t m a n i f o l d v a r i e t y w i t h f i t m e n t s f o r 

U-shaped t r a p s . A h e a t i n g tape was wound round the mani f o l d (A) 

to prevent premature condensation. 
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CHAPTER 4. 

AKALYTIGAL SECTION. 

THE DETER>11NATI0]\^ OF FLUORIKE IN 
VOLAPILE ORGANIC COMPOUNDS. 
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INTRODUCTION. 

M i c r o d e t e n a i n a t i o n o f o r g a n i c f l u o r i n e compounds u s u a l l y i n v o l v e s 

t h r e e s t e p s : decomposition of the o r g a n i c s u b s t a n c e , s e p a r a t i o n o f 

the r e s u l t i n g i n o r g a n i c f l u o r i n e compound and d e t e r m i n a t i o n of f l u o r i n e 

by a d i r e c t o r i n d i r e c t method. 

Decomposition. 

The c l e a v a g e of the o r g a n i c a l l y bound f l u o r i n e can be e f f e c t e d by 

o x i d a t i o n , r e d u c t i o n , a l k a l i n e f u s i o n o r h y d r o l y s i s . 

I n a r e v i e w o f the m i c r o d e t e r m i n a t i o n of f l u o r i n e i n o r g a n i c 

compounds, M i i " ^ ^ l i s t s the numerous v a r i a t i o n s o f bombs, r e a g e n t s and 

t e m p e r a t u r e s recomraended f o r the decomposition of o r g a n i c f l u o r i n e 

compounds• 

Decomposition by c a t a l y t i c o x i d a t i o n a t h i g h temperatures has been 

f r e q u e n t l y used; t h i s was f i r s t r e p o r t e d by C l a r k ^ * who found t h i s 

method e f f e c t i v e f o r the decomposition of mono and d i f l u o r o compounds 

u s i n g a q u a r t z microcombustion tube c o n t a i n i n g p l a t i n u m f o i l h e a t e d 

to 900^. C l a r k and Rees^^^ l a t e r r e p o r t e d t h a t some p o l y f l u o r o 

compounds r e q u i r e d a temperature o f 1150°, and F r e i e r e t a l . ^ ^ ^ found 

i t n e c e s s a r y to use t h i s temperature f o r a l l h i g h l y f l u o r i n a t e d 
( 5 ) 

s u b s t a n c e s . B e l c h e r ^ employed a p l a t i n u m micro combustion tube 

which c o u l d w i t h s t a n d h i g h temperatures, but which had the disadvantage 

of b e i n g opaque and p l i a b l e . 

Hubbard and Henne ' a p p l i e d t h i s type o f decomposition to the 

a n a l y s i s o f f l u o r i n e i n gaseous samples. The l a t t e r was measured 

i n a mercury gas b u r e t t e and was p a s s e d over s i l i c a h e a t e d to 900°; 

the s i l i c o n t e t r a f l u o r i d e so formed was c o l l e c t e d i n water and the 
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f l u o r i d e i o n then t i t r a t e d w i t h c e r o u s n i t r a t e . T h i s method was a l s o 

a p p l i e d to compounds c o n t a i n i n g c h l o r i n e as w e l l as f l u o r i n e ; the 

c h l o r i d e was t i t r a t e d by the V o l h a r d method. 

A n a l y s i s f o r f l u o r i n e i n gaseous samples has a l s o been accom-

p l i s h e d by h e s l a n s ^ ' by a type of "oxygen f l a s k " method. The 

a p p a r a t u s c o n s i s t e d o f a 500 ml. bulb f i t t e d w i t h a s t o p p e r c o n t a i n i n g 

two p l a t i n u m e l e c t r o d e s which l e d to a f i n e mesh of p l a t i n u m s p i r a l s . 

The bulb was charged w i t h s t a n d a r d a l k l i , e v acuated, and about 400 mis. 

of oxygen were i n t r o d u c e d so t h a t a p a r t i a l vacuum remained. The 

p l a t i n u m mesh was brought to r e d n e s s and the gaseous sample, an a l k y l 

f l u o r i d e , was measured i n t o the bulb, when i t i g n i t e d on the p l a t i n u m 

mesh. The h y d r o f l u o r i c a c i d thus formed was taken up i n the a l k a l i 

and e s t i m a t e d e i t h e r g r a v i m e t r i c a l l y o r by t i t r a t i o n o f the e x c e s s 

a l k a l i . 

( 8 ) 

B e l c h e r , Leonard and V e s t ^ ' have r e c e n t l y used the "oxygen f l a s k " 

method f o r the decomposition o f i n v o l a t i l e samples c o n t a i n i n g f l u o r i n e . 

The sample (ca.lOO mg.) i s wrapped i n f i l t e r paper and clamped i n a 

p l a t i n u m w i r e a t t a c h e d to the s t o p p e r of a 250 ml. c o n i c a l f l a s k . 

V a t e r i s p l a c e d i n the f l a s k t o absorb a c i d g a s e s and the f l a s k i s 

f i l l e d w i t h oxygen. The paper i s l i g h t e d and the stopper imrnediately 

r e p l a c e d ; combustion i s complete i n a few seconds. "When a b s o r p t i o n 

o f a c i d g a s e s i s complete the f l u o r i d e i o n i s determined s p e c t r o -

p h o t o m e t r i c a l l y a s the b l u e complex o f cerium ( i l l ) a l i z a r i n complex-

one. T h i s method c o u l d be a p p l i e d t o v e r y i n v o l a t i l e l i q u i d s by 

a l l o w i n g them to soak onto the f i l t e r paper, but f o r most f l u o r i n e 

c o n t a i n i n g l i q u i d s t he method i s i o i p r a c t i c a b l e . 
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O x i d a t i o n w i t h a sodium p e r o x i d e - s u c r o s e m i x t u r e has been 
( 9 ) 

r e p o r t e d by Rush, Cruikshank and Rhodes^ I-ia i n h i s r e v i e w s t a t e s 

t h a t sodium peroxide f u s i o n i s the most d i f f i c l u t m icrodecomposition 

procedure s i n c e the p r o p o r t i o n o f sample and r e a g e n t s has to be v e r y 

c a r e f u l l y c o n t r o l l e d ; o t h e r w i s e i n c o m p l e t e o x i d a t i o n or e x p l o s i o n 

r e s u l t s . 

B e l c h e r e t a l . ^ ^ ^ ^ decomposed o r g a n i c f l u o r i n e compounds w i t h 

sodium or potassium i n a n i c k e l bomb a t 600° f o r one hour,Savchenko^^"^^ 

recommended a temperature o f 900°. A s t e e l bomb was used by Korshun, 

K l i m o r v a and Chumachenko^^^^ idio s uggested h e a t i n g a t 800° f o r t e n 
(13) 

minutes, h a and Gwirtsman decomposed samples i n a P a r r micro 

bomb u s i n g a copper washer i n p l a c e of the u s u a l rubber o r l e a d one; 

sodium was used f o r mono, and potassium f o r p o l y - f l u o r o compounds. 

The f u s i o n r e a c t i o n was c a r r i e d out by h e a t i n g the bomb w i t h a Bunsen 

burner f o r f i f t e e n m i nutes. A l k a l i n e f u s i o n methods u s i n g c a l c i u m 

carbonate, c a l c i u m oxide o r c a l c i u m hydroxide have not always g i v e n 
(14) 

q u a n t i t a t i v e y i e l d s of the cor r e s p o n d i n g i n o r g a n i c f l u o r i d e s 

H y d r o l y t i c methods have o n l y l i m i t e d a p p l i c a t i o n , being u s e f u l f o r 

compounds such as t e r t i a r y f l u o r i d e s which l i b e r a t e hydrogen f l u o r i d e 

on h e a t i n g i n a c i d s o l u t i o n . 

These methods d e s c r i b e d a l l have s e r i o u s drawbacks. F u s i o n w i t h 

sodium o r pota s s i u m appears to be the be s t method but s u f f e r s from 

t h e f a c t t h a t v e r y h i g h temperatures a r e r e q u i r e d e s p e c i a l l y f o r 

s t a b l e f l u o r i n e compounds; t h i s o f course t e s t s the c o n s t r u c t i o n of 

the bomb c o n s i d e r a b l y and fre q u e n t c a s e s o f the l a t t e r "blowing" a r e 

e x p e r i e n c e d . C a t a l y t i c o x i d a t i o n methods a l s o r e q u i r e v e r y h i g h 
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t e m p e r a t u r e s which l i m i t t h e i r u s e . The "oxygen f l a s k " method i s 

much s i m p l e r but can not be u s e d f o r v o l a t i l e compounds; i t would 

t h e r e f o r e appear t h a t decomposition by r e d u c t i o n i n s o l u t i o n would 
(15) 

be the most convenient procedure. Vaughan and Kiewland suggested 

the use o f a s o l u t i o n of sodium i n l i q u i d ammonia as the r e d u c i n g 

agent but t h i s was l i m i t e d because of the s p a r i n g s o l u b i l i t y of many 

o r g a n i c compounds i n l i q u i d ammonia. 

S c o t t , Walker and Hansley^"^^^ showed t h a t c o n c e n t r a t e d s o l u t i o n s 

o f the a d d i t i o n compounds of sodium w i t h b i p h e n y l , naphthalene and 

o t h e r a r o r i i a t i c hydrocarbons c o u l d be prepared i n s u i t a b l e s o l v e n t s . 

For c o n c e n t r a t e d s o l u t i o n s of the o r d e r of 1 to 2 g. atoms of sodium 

p e r l i t r e o f sodium b i p h e n y l or naphthene complexes, o n l y d i m e t h y l 

e t h e r o r dimethoxyethane c o u l d be used- These complexes c o n t a i n e d 

1 g. atom of sodium d i s s o l v e d p e r mole of hydrocarbon and f u r t h e r 

uptake of sodium was d i f f i c u l t . These s o l u t i o n s c o n t a i n hydrocarbon 

anions which are p o t e n t i a l l y a powerful source o f e l e c t r o n s and 

t h e r e f o r e e x c e l l e n t r e d u c i n g eigents. 
(17) 

ijenton and H a m i l l were the f i r s t to r e a l i s e the p o s s i b i l i t y 

o f using t h e s e complexes as e l e c t r o n t r a n s f e r r e a g e n t s i n the r e d u c t i o n 

of o r g a n i c halogen o t h e r than f l u o r i n e , to h a l i d e ; they u s e d a 0.5 M 

s o l u t i o n o f the sodium naphthalene-dimethoxyethane complex. The 

o r g a n i c comoound c o n t a i n i n g bromine o r c h l o r i n e was s e a l e d i n a t h i n 

w a l l e d g l a s s v e s s e l which was broken i n the p r e s e n c e of e x c e s s of t h e 

complex c a u s i n g a v i g o r o u s r e a c t i o n to occur. The e x c e s s r e a g e n t was 

decomnosed and the h a l i d e e x t r a c t e d w i t h water; t h i s e x t r a c t was 

a c i d i f i e d and t i t r a t e d p o t e n t i o m e t r i c a l l y w i t h s i l v e r n i t r a t e . S o l i d s 
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were a n a l y s e d by d i s s o l v i n g them i n a s m a l l amount of tol u e n e * A 

number o f mono and p o l y c h l o r o or polybromo compounds gave good r e s u l t s , 

but compounds c o n t a i n i n g a r e a c t i v e hydrogen atom such a s p - c h l o r o -

a n i l i n e formed i n s o l u b l e i i n r e a c t i v e s a l t s and gave low r e s u l t s . 

Hexabromobenzene and 2,2-difluoroheptane d i d not r e a c t a t a l l , and 

compounds c o n t a i n i n g n i t r o groups a l s o proved d i f f i c u l t . 
( l 8 ) 

P e c h e r e r , G a m b r i l l and Wilcox ' c a r r i e d out some experiments 

w i t h the sodium complexes o f naphthalene and anthracene and the kefcyl 

from benzophenone i n dimethoxethane but they then c o n c e n t r a t e d on the 

sodium b i p h e n y l complex f o r the e s t i m a t i o n of e t h y l e n e h a l i d e s i n 

petroleum. They th e n extended t h i s method to the a n a l y s i s o f a number 

of bromine and c h l o r i n e c o n t a i n i n g a l i p h a t i c and a r o m a t i c compounds; 

the r e s t r i c t i o n to o r g a n i c compounds w i t h o n l y n o n - r e a c t i v e groups d i d 
( 1 9 ) 

not apply. L i g e t t ' expanded t h i s work of P e c h e r e r et a l . i n t o a 

s i m p l e a n a l y t i c a l procedure and a l s o developed a convenient method of 

p r e p a r i n g the reagent and f o r s t o r i n g i t over c o n s i d e r a b l e p e r i o d s . 

L i g e t t advocated a number of s o l v e n t s : t o l u e n e , benzene, e t h e r or othe3 

water i m m i s c i b l e s o l v e n t s d i s s o l v i n g the sample before decomposition 

w i t h e x c e s s 1.5 H sodium biphenyl-dimethoxyethane complex. A f t e r 

e x t r a c t i o n w i t h water and n i t r i c a c i d the h a l i d e was determined by the 

Y o l h a r d t e c h n i q u e . Provided samples were comp l e t e l y s o l u b l e the 

r e a c t i o n was i n s t a n t a n e o u s ; no f l u o r i n e - c o n t a i n i n g compounds were 

a n a l y s e d . 

i\a^^^ i n h i s r e v i e w mentions t h a t Bennett and Debrecht^^^^ 

r e p o r t e d t h a t r e d u c t i o n by sodium diphenyl-dimethozyethane complex 

i s g e n e r a l l y a p p l i c a b l e to f l u o r o compounds, the decomposition b e i n g 
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complete i n a few minutes. No d e t a i l e d procedure was p u b l i s h e d . 

Johncock, Wusgrave and Wiper^^^^ developed t h i s method of 

decomposition f o r a l l f l u o r i n e c o n t a i n i n g o r g a n i c compounds which 

were s o l u b l e i n d i - i s o p r o p y l e t h e r . The l a t t e r was used a s a s o l v e n t 

s i n c e t o l u e n e , benzene o r petroleiim e t h e r a s advocated by L i g e t t 

formed emulsions d u r i n g the aqueous e x t r a c t i o n . Samples were weighed 

i n a g e l a t i n c a p s u l e and the top removed b e f o r e i n t r o d u c t i o n i n t o 

the d i - i s o p r o p y l e t h e r . 10 mis. of the r e a g e n t were added; the 

r e a c t i o n was u s u a l l y complete w i t h i n two minutes and the h a l i d e s were 

e x t r a c t e d w i t h water cmd made up to a known volume. The procedure 

f o r the d e t e r m i n a t i o n o f f l u o r i d e was by a l k a l i m e t r y a f t e r p a s s i n g 

(21) 
an a l i q u o t of the aqueous e x t r a c t through a c a t i o n exchange coliunn, ' 

D e t e r m i n a t i o n . F l u o r i d e may be determined e i t h e r v o l u m e t r i c a l l y , g r a v i m e t r i c a l l y 

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

the f u s i o n s o l u t i o n w i t h thorium n i t r a t e u s i n g sodium a l i z a r i n 

sulphonat-: as i n d i c a t o r , a r e a c t i o n which i s n o n - s t o i c h i o m e t r i c and 

r e q u i r e s a comparative c o l o u r t e c h n i q u e ^ ^ ^ \ o r by the a p p l i c a t i o n of 

a c a t i o n exchange r e s i n which t h e n a l l o w s the t o t a l halogen to be 

determined by a l k a l i m e t r y t h i s l a t t e r method w i l l be d e s c r i b e d l a t e r . 
(22) 

The g r a v i m e t r i c method i n v o l v e s a l e n g t h y procedure i n which l e a d 

c h l o r o - f l u o r i d e i s p r e c i p i t a t e d . B e l c h e r , Leonard and West^ ' i n a 

r e c e n t paper have determined f l u o r i d e i o n by a s p e c t r o p h o t o m e t r i c 

procedure i n v o l v i n g the f o r m a t i o n of the b l u e complex of f l u o r i d e i o n 

w i t h the r e d c h e l a t e o f cerium ( i l l ) and a l i z a r i n complexone ( l , 2 -

dihydroxanthraquison-3-ylmethylaittine-N N d i a c e t i c a c i d ) . A l l t h e s e 



166. 

methods g i v e good r e s u l t s i n the hands o f e x p e r i e n c e d a n a l y s t s ; the 
l a t t e r probably i s the q u i c k e s t and e a s i e s t . C h l o r i d e or o t h e r halogen 
cannot, however, be determined by d i r e c t t i t r a t i o n o f the f u s i o n 
s o l u t i o n w i t h s i l v e r n i t r a t e because of the l a r g e n i t r a t e i o n con­
c e n t r a t i o n and t h e r e f o r e the l o n g e r i n d i r e c t methods Of Brown and 

Musgrave^^^^ or B e l c h e r , KacDonald and Kutten^^^^ must be u s e d . 
(21^ 

Banks, C u t h b e r t s o n and Husgrave^ ' were the f i r s t to r e a l i s e 

the advantages o f f e r e d by the a p p l i c a t i o n of a c a t i o n exchange r e s i n 

i n a l l o w i n g the t o t a l h a l o g e n i n an o r g a n i c compound to be determined 
(25) 

by a l k a l i m e t r y . E a r l i e r , however, Samuelson^ ' had i n d i c a t e d the 
u s e o f an a n i o n exchange r e s i n f o r the s e p a r a t i o n of f l u o r i d e , c h l o r i d e 

(26) 
and i o d i d e i o n s , and Osborn^ ' had mentioned the c o n v e r s i o n of 

i n o r g a n i c f l u o r i d e by a c a t i o n exchcinge r e s i n to h y d r o f l u o r i c a c i d 

which c o u l d be t i t r a t e d d i r e c t l y . 
(21) 

The method of Banks, Cuthbertson and ivusgrave^ ' i n v o l v e d the 
decomposition of the o r g a n i c compound, ca.lO mg., w i t h sodium i n a 

(27) 
n i c k e l bomb, su c h as d e s c r i b e d by B e l c h e r and Tatlow \ a t 600 -

700°. The i n o r g a n i c h a l i d e s so formed were taken up i n 100 m i s . of 

s o l u t i o n ; the s a l t s were c o n v e r t e d to t h e i r c o r r e s p o n d i n g a c i d s by 

passage through a column c o n t a i n i n g the c a t i o n exchange r e s i n , 

a m b e r l i t e I . R . 1 2 0 ( H ) . T h i s r e s i n was chosen because of i t s good 

exchange r a t e , h i g h exchange c a p a c i t y and no g r e a t tendency to change 

i t s volume on c o n v e r s i o n fron. one form to another. The t o t a l h a l i d e 

c o n t e n t of a 10 ml. a l i q u o t was determined by t i t r a t i o n w i t h a l k a l i 

u s i n g methyl r e d s c r e e n e d w i t h methlene b l u e as i n d i c a t o r . The 

c h l o r i d e was d i r e c t l y e s t i m a t e d by n e u t r a l i s a t i o n o f a second a l i q u o t 
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w i t h the e x a c t amount of a l k a l i f o l l o w e d by e v a p o r a t i o n of the s o l u t i o n 
to an optimum c h l o r i d e c o n c e n t r a t i o n of about 2 mg. p e r 10 m i s . and 
t i t r a t i o n w i t h s i l v e r n i t r a t e u s i n g d i c h l o r o - R - f l u o r e s c e i n as i n d i c a t o r . 
The o n l y c o n d i t i o n under which t h i s i n d i c a t o r f u n c t i o n s i s when i t i s 
o p e r a t i n g i n a s o l u t i o n of pure h a l i d e s , which i s the case i n t h i s 
t i t r a t i o n . The f l u o r i d e i s found by d i f f e r e n c e . N i t r o g e n c o u l d be 

(28) 

determined as c y a n i d e i n the f u s i o n s o l u t i o n by the method o f Deniges 

p r o v i d e d the orgaxilc compound d i d not c o n t a i n oxygen. I n the c h l o r i d e 

d e t e r m i n a t i o n , cyanide was removed by t r e a t i n g the f u s i o n s o l u t i o n 
(23) 

w i t h aqueous formaldehyde s o l u t i o n . Cyanate was converted by the 

c a t i o n exchange r e s i n to c y a n i c a c i d which decomposed to ammonia and 

carbon d i o x i d e ; the former was r e t a i n e d on the column and d i d not 

i n t e r f e r e , and the l a t t e r c o u l d be removed by b o i l i n g the s o l u t i o n . 
( 2 9 ) 

Eger and Yarden ' i n a paper p u b l i s h e d at the same time a s 

Banks, C u t h b e r t s o n and Musgrave, and a l s o i n a l a t e r paper^"^*^\ 

d e s c r i b e d the d e t e r m i n a t i o n of f l u o r i n e i n o r g a n i c compounds; t h e y 

c a r r i e d out t h e decomposition u s i n g sodium per o x i d e i n a m o d i f i e d 

P a r r bomb, and u s e d a c a t i o n exchange r e s i n , a m b e r l i t e I . R - 1 2 0 ( H ) 

to remove e x c e s s sodium i o n s . They th e n t i t r a t e d w i t h thorium n i t r a t e 

u s i n g sodium a l i z a r i n sulphonate as i n d i c a t o r . These workers s a i d 

t h a t the method c o u l d be a p p l i e d to o t h e r halogen b e s i d e s f l u o r i n e 

and t h a t c h l o r i d e and bromide c o u l d be determined i n the same s o l u t i o n 
but no d e t a i l s were g i v e n . 

Johncock, Kusgrave and Wiper^^^^ used the same method as Banks, 
(21) 

C u t h b e r t s o n and Musgrave^ ' f o r the d e t e r m i n a t i o n of f l u o r i d e and 

c h l o r i d e i n the decomposition s o l u t i o n . 
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A q u i c k e r method of de t e r m i n i n g f l u o r i d e and o t h e r h a l i d e has 

been d e s c r i b e d by B e l c h e r , Macdonald and Nutten^^^^ and i n v o l v e s 

f i r s t l y t i t r a t i o n of the t o t a l h a l o g e n u s i n g s t a n d a r d sodium h y d r o x i d e 

s o l u t i o n . Other h a l o g e n can then determined by a c o l o u r comparison 

procedure i n v o l v i n g the use of mercury o x y c y a n i d e . 
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DISCUSSION. 

The semi-micro d e t e r m i n a t i o n of f l u o r i n e and o t h e r h a l o g e n i n 

o r g a n i c compounds i s c a r r i e d out i n t h i s department u s i n g the de­

c o m p o s i t i o n method of Johncock, Musgrave and W i p e r ^ ^ ^ and u n t i l 
(21) 

r e c e n t l y the method of Banks, Cuthbertson and Musgrave ' f o r the 

a c t u a l d e t e r m i n a t i o n of f l u o r i d e and o t h e r h a l i d e s . R e c e n t l y , 

however, the d e t e r m i n a t i o n of o t h e r h a l i d e s has been c a r r i e d out by 

the mercury oxycyanide method o f B e l c h e r , Macdonald and K u t t e n ^ ^ ^ ^ . 

T h i s combined procedure has the advantage over a l l o t h e r methods 

ye t d e s c r i b e d i n t h a t i t i s q u i c k , r e q u i r e s no expensive apparatus 

and can be c a r r i e d out s u c c e s s f u l l y by a p e r s o n w i t h l i t t l e a n a l y t i c a l 

e x p e r i e n c e . Also samples of c o n s i d e r a b l e v o l a t i l i t y can be a n a l y s e d 

p r o v i d e d s u f f i c i e n t c a r e i s t a k e n d u r i n g the weighing of the sample. 

Disadvantages to t h i s method of decomposition a r e the l i m i t a t i o n to 

o n l y t h o s e compounds which are s o l u b l e i n d i i s o p r o p y l e t h e r , and the 

f a c t t h a t soL-e compounds on r e a c t i o n w i t h the sodium b i p h e n y l 

dimethoxyethane complex might r e s u l t i n the f o r m a t i o n o f anions which 

might t h e n upset the a l k a l i m e t r i c procedure. No one h a s , however, 

ye t encountered the l a t t e r . The o t h e r e a s i l y c a r r i e d out procedure, 

the " o x y g e n - f l a s k " method of decomposition, overcomes the d i s a d v a n t a g e s 

of the sodium b i p h e n y l dimethoxy-ethane method, but has the d i s ­

advantage i n i t s l i : f i i t a t i o n to n o n - v o l a t i l e m a t e r i a l s . I t i s con­

v e n i e n t t h a t compounds which are i n s o l u b l e i n d i - i s o p r o p y l e t h e r a r e 

most l i k e l y to be e i t h e r s o l i d s o r h i g h b o i l i n g d - l s and, t h e r e f o r e , 

u s e f u l f o r the " o x y g e n - f l a s k " method. A combination of the two would 
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seem to d e a l w i t h a l l p o s s i b i l i t i e s except perhaps f o r s t a b l e h i g h 
b o i l i n g f l u o r o c a r b o n s o r f l u o r o c a r b o n polymers f o r which the 
c o n d i t i o n s of the " o x y g e n - f l a s k " method might not be d r a s t i c enough; 
i n t h ese c a s e s a l k a l i n e f u s i o n i n a bomb would have to be used. 

Of the methods of determining.; f l u o r i d e the s p e c t r o p h o t o m e t r i c 

one and the a l k a l i m e t r i c one i n v o l v i n g the anion exchange r e s i n are 

the s i i u p l e s t ; d e t e r m i n a t i o n of o t h e r h a l i d e s i s then c a r r i e d out by • 

the mercury oxycyanide method. 

There have been, up to the p r e s e n t , no r e a l l y convenient and 

simp l e methods f o r deter m i n i n g f l u o r i n e and o t h e r halogens i n v e r y 

v o l a t i l e o r g a n i c compounds; the o n l y ones d e s c r i b e d being the 
(7) 

" o x y g e n - f l a s k " method of i-ieslans and the combustion t u b e - s i l i c a 

method of Henne and Hubbard^^^. 

I t was decided, t h e r e f o r e , to modify the sodiumbiphenyl 

dimethoxyethane method of decomposition to the decomposition o f 

gaseous and v o l a t i l e o r g a n i c f l u o r i n e c o n t a i n i n g compounds. The 

b o i l i n g range o f samples i n v e s t i g a t e d was -60° to 81° but t h e r e i s 

no r e a s o n why t h i s c o u l d not be extended e s p e c i a l l y on the gaseous 

s i d e . Any condensable gas could be a n a l y s e d . T h i s method would be 

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

o r g a r i i c compounds which have v e r y h i g h vapour p r e s s u r e s ; of t h e s e 

o n l y p e r f l u o r o b e n z e n e (b.p. 81°) was i n v e s t i g a t e d . 

S i n c e the gases had to be weighed i n a g l a s s bulb of about 100 mis. 

c a p a c i t y i t was n e c e s s a r y to use an o r d i n a r y a n a l y t i c a l b a l a n c e r e a d i n g 

to f o u r decimal p l a c e s . Consequently, r a t h e r l a r g e r samples (40 -

60 mg.) th a n i n the method of Johncock, Musgrave and W i p e r ^ n e e d e d 



171. 

to be taken i n order that the error i n the weighing should not give 

too big an e r r o r i n the estiiuation, 

J)i-isopropyl ether was used as solvent f o r the decomposition 

because of i t s use i n the decomposition of samples by the method of 

Johncock, Musgrave and VTiper^^^^; t h i s meant bhat the blank determin­

ation used for the l a t t e r could be applied to the "gas" analyses. 

xhe reagent was stored i n b o t t l e s each containing about 110 mis. 

Since 10 mis. of reagent were u s u a l l y used f o r each decomposition, 

each b o t t l e s u f f i c e d f or ten analyses and one blank determination. 

I t was found impracticable to use some of the reagent and store the 

remainder f o r a few days, since vhen t h i s remainder was used, more 

then 10 mis. per decomposition were required and usua l l y i n c o n s i s t e n t 

r e s u l t s were obtained. The decomposition r e a c t i o n was u s u a l l y complete 

within f i v e minutes; i t appeared to take a s l i g h t l y longer period than 

the decomposition of l i q u i d s or s o l i d s of s i m i l a r structure since these 

s i v e homogeneous r e a c t i o n mixtures whereas the former i s a hetero­

geneous r e a c t i o n . 

The sodi\am h a l i d e s formed i n t h i s r eaction were extracted with 

water and made up to a knovm volume. 

As i n the case of Johncock, l-jusgrave and V/iper fresh r e s i n was 

necessary for each ion exchange procedure; t h i s was because of the 

presence of some organic material i n the aqueous extr a c t . Banks, 
(21) 

Cuthbertson and husgrave^ ' were able to regenerate the r e s i n used 

i n t h e i r ion exchange columns. Quantitative r e s u l t s were obtained 

using f i v e grams of r e s i n . 
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E x p e r i m e n t a l . 

P r e p a r a t i o n of the sodium, biphenyl-dimethoxyethane coiriplex. 

P u r i f i c a t i o n of Reagents. 

B i p h e n y l - was r e c r y s t a l l i s e d once from meths. and d r i e d under vacuum. 

M.Pt. 70 - 71°. 

Dimethoxyethane - was d i s t i l l e d t h r e e t i i a e s from potassium, the l a s t 

time i n the pres e n c e of the k e t y l of benzophenone which has a deep 

blue c o l o u r and i s o n l y s t a b l e i n the absence of vmter and -oeroxides 

(b.p. 66 - 68°) 

Toluene - s u l p h u r f r e e t o l u e n e was d i s t i l l e d over sodium. 

Sodium D i s p e r s i o n . 

C l e a n sodium (60 g., 2,61 g. atoms) and toluene (60g.) were p l a c e d 

i n a 2Yi 250 ml. f l a s k w i t h i n d e n t e d s i d e s to prevent s w i r l i n g . A 

n i t r o g e n i n l e t was arranged, the o u t l e t b e i n g through a v e r t i c a l a i r 

condenser down the c e n t r e of which was the f r e e l y suspended rod of 

the d i s p e r s a t o r . The to l u e n e was g e n t l y r e f l u x e d and the d i s p e r s a t o r 

run a t maximxim speed f o r f i f t e e n minutes. The h e a t i n g and d i s p e r s a t o r 

were t u r n e d o f f and the d i s p e r s i o n was allowed to c o o l to room tem­

p e r a t u r e . 

P r e p a r a t i o n of the Complex. 
(19) 

T h i s was c a r r i e d out e s s e n t i a l l y as d e s c r i b e d by L i g e t t and 

S e z e r a t . ^ ^ ^ ^ " 

The sodium d i s p e r s i o n was t r a n s f e r r e d to a n i t r o g e n swept 2 l i t r e 

3N f l a s k f i t t e d w i t h a dropping f u n n e l , mechanical s t i r r e r and r e f l u x 

condenser. The t o t a l volume of toluene was made up to 300 mis. and 

dimethoxyethane (750 mis.) were added. B i p h e n y l (400 g., 2,6 moles.) 
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i n dimethoxyethane (500 mis.) were then added w i t h s t i r r i n g over a 

p e r i o d o f two hours. The r e a c t i o n s t a r t e d a f t e r a fevj minutes and 

the s o l u t i o n f i r s t t u r n e d green and f i n a l l y b l a c k ; the r e a c t i o n was 

exothermic and the temperature was kept below 30° by c o o l i n g i n an 

i c e - w a t e r bath. S t i r r i n g was continued f o r a f u r t h e r hour and the 

r e a c t i o n mixture was allowed to s t a n d o v e r n i g h t . The reagent was then 

thoroughly s t i r r e d and t r a n s f e r r e d to 110 ml. b o t t l e s which were s t o r e d 

at 0^. A l l the sodium appeared to have r e a c t e d . 

A n a l y t i c a l Procedure. 

L̂ he tap and cone of f l a s k A were c a r e f u l l y greased, a v o i d i n g e x c e s s 

grease (Apiezon L ) , and the f l a s k then evacuated to a s t i c k i n g vacuum 

on the ap^'aratus shown i n diagram 14-. The t a p s and were 

c l o s e d , opened and the bulb was removed from the vacuum l i n e . The 

grease from the cone was c a r e f u l l y c l e a n e d u s i n g a c l o t h moistened i n 

e t h e r , the bulb, tap and neck were p o l i s h e d with a chamois l e a t h e r 

and weighed to the n e a r e s t t e n t h of a milligranurie a f t e r l e a v i n g i n the 

balance case f o r f i f t e e n minutes. A was r e - a t t a c h e d to the vacuum 

l i n e and with B, which contained the sample to be a n a l y s e d , cooled i n 

l i a u i d a i r and ,T-,T_ and T̂ - open, the ap-^aratus was ag a i n pumped 
1 2 5 y 

down to a s t i c k i n g vacuum. was c l o s e d and L was allowed to warm 

sl o w l y u n t i l the p r e s s u r e i n the system was such as to i n t r o d u c e a 

40 - 60 mg. sample i n t o A. was c l o s e d and the weight of the sample 

found by removing, c l e a n i n g and weighing A as before. A was r e t u r n e d 

to the vacuum l i n e which was evacuated w i t h T^, T^.T^ and T^ open, 

and the sample was t r a n s f e r r e d to C by c l o s i n g T^, opening T^ and 
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cooling the side-arm of C i n l i q u i d a i r . was closed and the u n i t 

comprising of C and D removed a f t e r r e l e a s i n g the vacuum at T^. The 

sample was allowed to warm to room temperature and expand in t o G, the 

biphenyl sodium dimethoxyethane complex (lO mis.) was added v i a B 

followed by di-isopropyl ether (25 mis.) taking care to leave the bore 

of f u l l of l i q u i d to maintain a p a r t i a l vacuum i n C. C was care­

f u l l y shaken for f i v e minutes when the reagent should form a permanent 

green colour; i f the mixture turned brown then a further 5 or 10 mis. 

of reagent had to be added and the appropriate blank c o r r e c t i o n much 

l a t e r . The sodium h a l i d e s were extracted with water and the extract 

was made up to 100 mis. 

A 10 mis. aliquot was passed through the cation exchange r e s i n 

column containing 5g* of amberlite I.R.- 120(H) r e s i n and eluted with 

60 mis, of water added i n 15 ml. q u a n t i t i e s . The eluate was heated 

to b o i l i n g and imiiiediately cooled. 

Anetlysis of only one Halogen was present. 

The s o l u t i o n was simply t i t r a t e d with standard 0.02jCf sodium 

hydroxide s o l u t i o n using methyl red-methylene blue (5 and 2 drops r e s ­

p e c t i v e l y ) as i n d i c a t o r . 

Analysis i f Fluorine and other Halogens were present. 

Kercury oxycyanide s o l u t i o n was prepared by shaking mercury 

oxycyanide (20g.) with one l i t r e of d i s t i l l e d water; the s o l u t i o n was 

n e u t r a l i s e d with approximately O.IN sulphuric a c i d using methyl red 

-methylene blue as i n d i c a t o r , and f i l t e r e d into a brown g l a s s b o t t l e . 

The t o t a l halogen was determined by t i t r a t i o n with sodium 

hydroxide s o l u t i o n as described above, and the other halogen found by 
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the mercury oxycyanide method as describedby Belcher et a l . 

This involved p l a c i n g the n e u t r a l i s e d s o l u t i o n i n a l i g h t box alongside 

the same volume of water containing the i n d i c a t o r methyl red-methylene 

blue; the colours should be i d e n t i c a l . Mercury oxycyanide (lO mis.) 

was added to the portion containing the halogen, which turned bright 

green; the colour was then brought back to i t s o r i g i n a l by addition 

of standard O.OIK sulphuric a c i d s o l u t i o n . This known volume of the 

l a t t e r was then added to the d i s t i l l e d water portion as was mercury 

oxycyanide s o l u t i o n (lO m i s . ) . The colour of t h i s portion was then 

brought back to i t s o r i g i n s i l by means of standard O.OIN sodium 

chlo r i d e s o l u t i o n . This l a s t t i t r a t i o n afforded "other halogen" and 

therefore f l u o r i n e could then be found from the f i r s t t i t r a t i o n . 

31ank Determination. 

This was c a r r i e d out by shaking di-isopropyl ether (25 mis.) 

with the biphenyl sodium dimethoxyethane reagent i n a stoppered 

separating funnel. Any sodium halide was extracted with water followed 

by the procedure as for determination of only one halogen i . e . t i t r a t i o n 

with standard sodium hydroxide. 



177 

o 

I\5 
o o 

o 
mm w 
o 
* ^ no 
o o I-" 

4 

00 

o 

03 
O 

o 

o 

o 

4 

o o o 
o 

4 

O 

\J3 

O 

00 1 1 
H - J o 

o o o 
• • • • o o o o 

- J PO 00 
PO o <D 

00 
• 

V>1 
VJ3 
fV) 

ro 

I 
8 

O 

ro 

vn 

ro 
ro ON ro 

o 

lO 

o O o O o o 
• . • • . . 
o o o o o o 

a\ 
o as CD ro 
o 0^ fO o 

-1̂  ro 
- J 03 Ul 

• • • • • VO 00 o% O 
ro 

- J CO 
• • • • • ro Ul 

o> 
o 

o 
• 
o 
Ul 
0^ 

o 
o 
I 
O 

ro 
ro 

o 

o 
Ul 
-3 
O 

- J ro 
CO 00 

• • • Ul 
-3 lO 
00 00 

• . • M 

Ul 
U3 

• • Ul U4 
Ul 

H 
• • UJ p. 

c * 

b 

o o 
B 
o 

o 
o 

1+ 

O 
O O • 4 

H-0 
i of 

o 

r*-
O Hj 

O 

r r 

O 

Hi 03 

lO 

ro 
00 

Ul 

ON 
Ul 

00 

O 

3 
o 

ro 
00 

ro 
CO 

ro 
4^ 
Ul 
• 

ro 4i. Ul « 

ro 
Ul 
• 

lO 

H 
Ul 
00 lO 
• • M 

V>) 
- 3 UJ 
M - J ro 

Ul 

o 
p) 
O 

o 
C 
0 

ct-



178. 

1. hk, Anal. Chem. 1958, 30, 1557 

2. CLARK, i b i d . , 1951, 23, 659. 

3. CLARK and REES, I l l i n o i s State Geol. Survey, Hept. I n v e s t . , 
1954, 169. 

4. FREIRE.I, i-ilPPOLDT, OLSEK and WEIBLEK, Anal, Chem., 1955, 27, 146 

5. BELCEER, private comm. to Ha, i b i d . , 1958, 1557-

6. HUBBARD and EENITE, J.A.C.S., 1934, 56, 1078. 

7. hSSLAKS, B u l l . Soc. Chim., P a r i s , 1893, 9, 109. 

8. BELCHER, LEOl.ARD and WEST, J.C.S., 1959, 3577. 

9. RUSH, CRUIKSHAl^K and RHODES, Mikrochim. Acta, 1956, 856. 

10. BELCHER, CALDES, CLARK and IlACDOHALD, i b i d . , 1953, 3, 283. 

11. SAVCHE1̂ "K0, Zhur. Anal. Khim., 1955, 10, 355-

12. KORSHUK, KLIMOVA and CHUMACHENKO, i b i d . , p.358. 

13. KA and GWIRTSl-iAN, Anal. Chem., 195 2 , 29, 140. 

14. RCTHjin Houben-Weyl-Kuller, Kethoden der Organischen Chemie, 
4th ed.,V0L.2, "Analytischen Methoden", p. 137, Thieme, 
Stuttga r t , 1953. 

15- VAUGHA}̂  and tJIEWLAKD, Ind. Eng. Chem., Anal. Ed., 1931* 3, 274. 

16. SCOTT, WALKER and HA1^SLET, J.A.C.S., 1936, 58, 2442. 

17. BEKTOK and HAMILL, p r i v a t e comm. to tia. Anal. Ghem., 1948, 20, 269 

18. PECHERER, GAl^BfllLL and WILCOX, i b i d . , 1950, 22, 311. 

19. LIGETT, i b i d . , 1954, 2, 748. 

20. JOHNCOCK, MUSGRAVE and WIPER, Analyst, 1959, 84, 245. 

21- BA13KS, CUTHBExTSOK and MUSGRAVE, Anal. Chim- Acta., 1955, 13, 442. 

22. BELCHER, CALDAS and CLARK, Analyst, 1952, 77, 602. 



179. 

23. BROWN and iWSGRAVE, Anal. Chira., Acta, 1955, 12, 29. 

24. BELCKER, MACDOKALD and KUTTEW, hikrochim. Acta, 1954, 4, 104. 

25. SAIiUELSON, Ion Exchangers i n A n a l y t i c a l Chemistry, John Wiley and 

Sons, New York, 1953, p. 178 

26. OSBORN, Analyst, 1953, 78, 220 

27. BELCHER and TATLOW, i b i d . , 1951, 76, 593. 

28. DEivIGES, Compt. rend., 1893, 117, 1078 

29. EGER and YARDEK C.A., 1955, 49, 13018; 

B u l l . Research Coamcil I s r a e l , 1954, 4, 305• 

30. Idem., Anal. Chem., 1956, 28, 512. 

31. BENETl' and DEBRECHT, 131st Meeting, A.C.S., Miami, F l a . , A p r i l 1957, 
Abstracts, p. 24B. 

32. SEZERAT, Annal. Pharm. Pranz., 1955, 13, 745. 


