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SUMMARY. 

PART I . Cross-linking reactions of two co-telomer 

alcohol mixtures have been investigated. The co-telomer 

alcohols contained ( l ) hexafluoropropylene, vinylidene 

f l u o r i d e , and methanol; ( 2 ) octafluorocyclohexa-1,4-

diene, vinylidene f l u o r i d e , and methanol. Both mixtures 

eliminated hydrogen f l uo r ide on standing. 

Co-telomer ( l ) has been successfully cross-linked 

and stabi l ised by a primary amine, several primary diamines, 

and a t e r t i a r y amine wi th a d i t h i o l , as indicated by the 

in f ra - red spectra, molecular weights, and f luo r ine content, 

of the products. 

Products from reactions of co-telomer ( 2 ) with d i ­

amines had increased viscosi ty but s t i l l eliminated hydrogen 

f l u o r i d e . 

Mechanisms have been put forward f o r the cross-linking 

reactions. 

PART I I . The e lec t r i c dipole moments of some members of 

the series CgF^ and 2 , 3 , 5 , ( w h e r e X i s any sub-

s t i tuent) have been measured i n order to investigate the 

ground state electron d i s t r i b u t i o n of these compounds. 



The dipole moments of the corresponding members of the 

series ^-E.CgH^.X have "been measured and calculated, i n 

order to provide comparative values f o r the series Cg3?j-X, 

and values fo r the series CgH^Z have been obtained from 

the l i t e r a t u r e i n order to provide comparative values fo r 

the series 2,3, S^-H.CgiB^.X. 

The results show that the high electronegativity of 

f l u o r i n e causes the pentafluorophenyl nucleus to act as an 

electron sink, f a c i l i t a t i n g movement o f electrons from 

electron donating groups into the r ing and reducing electron 

withdrawal by electron a t t ract ing groups. The resonance 

of n i t r o and N-dimethyl groups is shown to be reduced by 

s ter ic hindrance, due to the presence of the two f luo r ine 

atoms ortho to the groups. 

I n an attempt to prepare a p a r t i a l l y f luor ina ted 

indole derivative, the reactions between the sodium salts 

of polyfluoroanil ines and chloracetic ester have been i n ­

vestigated. N-(pentafluorophenyl)-glycine, N-(2 ,3 ,5»6-

tetrafluorophenyl)-glycine, and N-(2,3,4,5-tetrafluorophenyl) 

glycine have been prepared. An attempted cycl isa t ion of 

N-(2,3,4,5-tetrafluorophenyl)-glycine with polyphosphoric 

acid did not give the desired 4 ,5 ,6 ,7- te t raf luoroindoxyl . 
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CHAPTER I ; INTRODUCTION 
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1,1. F luoro-o lef in reactions, telomerisation. 

Nucleophilie addit ion is characteristic of the 

reactions of f l u o r o - o l e f i n s , i n contrast t o hydrocarbon 

o le f in s , because of the electron withdrawal by the strongly 

electronegative f l u o r i n e atoms."1" Free radical attack on 

the double bond of a f l u o r o - o l e f i n proceeds smoothly, and 

the d i rec t ion of addit ion ( f o r an unsymmetrical o l e f in ) 

and the r eac t i v i t y can be correlated wi th the s te r ic and 
p 

polar factors involved. 

I n 1947, M i l l e r and his co-workers J \iexe using a 

f ree radica l polymerisation process i n order to make f luoro* 

carbon o i l s wi th the reactive monomer o l e f in 4 0P 2 ° CJC1. 

An o i l wi th a puzzlingly high chlorine content was obtained. 

She solvent i n the reaction was chloroform and they deduced 

that the extra chlorine was coming from the solvent, i . e . 

the solvent was acting as a terminator i n a chain t ransfer 

process and telomerisation was occurring. They postulated 

the fo l lowing mechanism: 
peroxide 

( i ) CHCl, > CTJi: + Hfc 

* R* * 

( i i ) CC1* + CI-giCKJl > CC13.C2 ,

2.CI1C1' i n i t i a t i o r 

( i i i ) CCl3.CE2.CS ,Cle+ CB^CPCl » 

GClo. CXj.CFCl.CFo.CffCl* pr opagat ion 
20 0CTM.6 j 

J-IBRARS--" 
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( i v ) CCl3(C3 ,

2CS ,Cl)n + CH!GL3 » GCl^CIg.CTCl^H + CC1* 

etc. 

chain transfer 

The growing polymer chain reacts with a solvent molecule "by 

t ransfer , wi th the formation of a f ree radica l from the sol­

vent. The chain t ransfer step ( i v ) competes with the pro­

pagation step ( i i i ) , and, "by careful selection of the pro­

portions of reagents, can become the dominant step. Telo-

merisation occurs only i n a polymerising system, and a non-

homopolymerisable o l e f i n w i l l not undergo telomerisation. 

Telomerisation reactions are usually assumed t o 

proceed by a radical-chain mechanism as represented above, 

although, a mechanism which involves a stepwise series of 

additions of iodide to o l e f i n , has been suggested by 

Hauptschein * f o r the telomerisation (thermal) of (HP̂ CV-CBg 

wi th n-C^E^I. There are several methods of i n i t i a t i o n f o r 

telomerisation reactions. Organic f ree radical i n i t i a t o r s 

oUuH do u l o \ uxx lxuurujueu i j jx / ^ I B J I G A X U O cillu. vix— u — uiiuyj. 

6 7 8 peroxide, ' i r r ad i a t i on i n the form of u l t r a - v i o l e t rays, 

X-rays and -rays, 1^'"'" 1 and thermal i n i t i a t i o n , ^ ' 1 2 have 

a l l been used. 

1.2. ffluoro-olefins/methanol cotelomerisations of Musgrave 
and Plimmer. 

The f i r s t part of t h i s thesis i s an extension of 
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the work of Musgrave and Plimmer, who extended the idea 

of telomerisation into systems, not simply of an o l e f i n 

and chain-transfer agent (C .T .A . ) i hut of a pair o f f l u o r o -

o le f ins and a C.T.A. The reactions were i n i t i a t e d wi th 
/ fin 

6 radia t ion from a cobalt source. C . T . A . ' s such as 

C H 3 CHO, ( C H 3 ) 2 C O , C ^ I , GByJOOH, CH 3 OH, and C H 3 S H were 

used, and various pairs of f l u o r o - o l e f i n s , having f i r s t 

ascertained that copolymers were formed by the o lef ins 

under the conditions used. 

With CHjOH as the C . T . A . f o r the Viton (CH^CEg/ 

CE3C3T:C]?2) copolymer system, chain shortening occurred 

with t o t a l conversion, of o le f ins to form a mixture of 

viscous l i q u i d products. I t was deduced from the i n f r a ­

red spectrum of t h i s mixture, by a wide band at 3436 cm""1", 

that hydroxyl groups were present. These cotelomer alco­

hols could be d i s t i l l e d into crude f rac t ions , up to 160° C , 

at reduced pressure. The viscous residue formed at 160°C 

was assumed to be the resul t of HP e l imination, followed by 

a cer tain amount of polymer formation. A l l the crude 

f rac t ions d i s t i l l e d at reduced pressure had peaks i n the 

region 5 - 6»5yU i n t he i r in f ra - red spectra, indicat ing 

unsaturated centres, plus the band at 3436 cm"'1' showing 

the presence of an -OH group. Molecular weight deter­

minations varied from 300 t o 800 corresponding to a chain 
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length of up to 4 uni ts (1 uni t - - CI^.CI 1 (CE^GHgCPg - ) . 

The byproduct wasalways the 1:1 adduct CH2(0H)CP2CIH(CI ,

3). 

The mechanism of t h i s telomerisation, based on experimental 

evidence, was postulated as: 

a) CB̂ OH » •CH20H + H' 

b) #CH20H + CH2:Cp;2 > CH^OltfCH,,^ B) I n i t i a . 

c) CH20H + C^g > CH^OHKC^g)' A ) T I O N 

CH-OH 
d) CH2(OH)(C3Pg)' — C H ^ O H X c y ^ H Transfer A 

I n i t i a t i o n A is not l i k e l y to lead to cotelomer formation 
/ \ 14 since step (d j is very e f f i c i e n t . The intermediate 

f ree radical from i n i t i a t i o n B can attack either o l e f i n 

present to give: 
CHgCPg either o l e f i n 

CH2(0H)CH2CE* > CH^OHjCHgCS^CHgCT'Cl) > 

C-S1,. . CH9CP0 

. * °> CHo(0H)CHoCPoC]?oCP(Ctf-) (2)or d dy 
d d 2 d * CB̂ OH 

The former (1) can attack either o l e f i n present to continue 

the copolymer chain. The l a t t e r (2) can only attack 

CH^CHPg, or undergo chain transfer by abstracting a hydrogen 

atom as in(d) forming the n • 1 ootelomer. The f i n a l 

longest chain copolymer which w i l l form w i l l be (D) where 

l , m , and p, are either one or two: 

CH 2OH(CH 2Ci ,

2) 1(C 3I l

6) ( C H g C I ^ C C ^ g ) (OT2CP2)pCT2OT(ClP3) (D) 

i 
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1*5 

Radical attack on CHgiClPg is exclusively on the :CH 2, ' and 

on C^Eg, exclusively on the - CEg. 1 6 This copolymer (23) 

now undergoes chain transfer to form a cotelomer "by hydrogen 

abstraction as i n (d ) . Wo homopolymer of vinylidene f l u o ­

r ide was detected i n the product. The s l ight unsaturation 

i n the crude fract ions was taken as corresponding to HE e l i ­

mination from structures such as (B) g iv ing (E) as an extreme 

example. 

CH2(OH) .CH 2Ci ,

2 iCr 2.Cl.CH 2Ci ,

2.CE ,

2CEH (E) 

1640cm"1 1640cm"1 . 1754cm"1 

CH2(0H)CH = CH.CIg C = CH.CIg.CP CI 

CÊ  CÊ  

The peaks which arise i n the unsaturation region were ex-
13 

plained as fo l lows: ^ 

cm"1 unsaturation 

1640 - CE « CH2 l inear 

- CH o cm " 
1754 - CP - CE - M 

- CE - C E 2 

1.3. Eluoro-polymers. 

The presence of f l u o r i n e i n a polymer molecule 

gives i t marked chemical and thermal s t a b i l i t y . This i s 



6. 

due to the high C - i 1 bond dissociation energy, the shie ld­

ing e f fec t of the f l uo r ine atoms, and the high electronega­

t i v i t y of f l u o r i n e . Fluorine i s a s l i g h t l y larger atom 

than hydrogen (van der Waals radius, 1*35A; c f • hydrogen, 

1»2A), and, i n a large fluorocarbon molecule, these atoms 

form a compact shield around the carbon chain, protecting 

i t from chemical attack. Fluoropolymers have been the sub-
17 18 1Q 

ject of several reviews. 

The best known organic fluoropolymer i s polyte t ra-

fluoroethylene (P.T.F.E.) a homopolymer of t e t r a f luo roe thy l -

ene. I t shows remarkable resistance to chemical attack, 

and because of i t s high softening point (327° C) and high 

thermal s t a b i l i t y may be used over a wider range o f tempera­

ture than any other simple addition polymer. X-ray d i f -
20 

f r a c t i o n measurements show that the zig-zag chains i n 

P.T.3P.E. are not planar as i n normal pa ra f f ins , but are 

twisted to re l ieve repulsions between f luor ine atoms on 

alternate carbon atoms. P.T.F.E. i s classed as a thermo­

p las t i c , but, mainly because of the high viscosi ty of i t s 

melts, cannot be moulded. 

The resinous nature of P.T.F.E. can be reduced i n 

two ways. Heterogeneity can be Introduced by replacing 

some of the f l u o r i n e atoms by bulky atoms or groups as i n 

polychThorotrifluoroethylene, the structure of which has been 
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shown to be 2 1 (• 0Fo - CP - CPp - CP i . This polymer 

^ ^ has i t s c rys ta l -

l i n i t y broken by the pendant chlorine atom. I t s softening 

point (216° C) i s lower than P.T.P.E. and i t can be moulded, 

i . e . i t i s a t rue thermoplastic. 

The t i g h t l y coiled polymer backbone of P.T.P.E. can 

be converted to a more mobile structure by the inclusion of 

methylene (CH2) uni ts i n the chain as i n polyvinylidene 

f l uo r ide which consists of alternate - CH2 - and - CP2 -

uni ts i . e . t CH2 - CPg > n

1 5 . The r i g i d i t y of the backbone 

is broken by the alternating - CH"2 - u n i t s , and i t has a 

lower softening point (about 171° C) which l i m i t s i t s ther­

mal s t a b i l i t y . The presence of the - CH2 uni ts also pro­

vides sites f o r crosslinking i . e . the use of amines i n the 

curing of f luoro rubbers containing C H 2 : C P 2 . 2 2 , 2 3 , 2 4 , 2 5 

The order of thermal s t a b i l i t y f o r hydrogen-containing 
26 

fluoropolymers i s : 
( C 2 V n > ( C S : 2 : C H 2 ) n > ( c V C H E l ) n > ( C 2 H 4 ) n > ( e H

2

s C B d ? ) n 

Copolymer i s at ion of one of these ' react ive ' (homo-

polymerisable) monomers wi th an 'unreactive' (non-homo-

polymer i sable) monomer leads to the formation of copolymers 

with 'tailormade' properties i . e . the properties can be 

varied by a l te r ing the r a t i o of the two monomers. The 

copolymer of reactive CPg = CP2 and non-reactive CP̂ CP » CP2 
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i s a t rue thermoplastic with a working range up to 200° C 

and a softening point of 285° C Ihe backbone remains 

r i g i d , but the thermally stable, bulky, pendant -CI^ group 

breaks up the c r y s t a l l i n i t y (50$, c f . P.T.F.E. ,95$) of the 

chain, 

The most thermally stable elastomer so f a r pro­

duced is a copolymer of CHg - CS»2 and Ci^CE => CTg, Viton 

A 2 8 (Trade name: E . I . Du Pont de Nemours & Co., U.S .A.) . 

The - CE*2 - uni ts break down the r i g i d i t y of the backbone 

and act as a s i t e f o r cross- l inking. The - CI^ group 

reduces the c r y s t a l l i n i t y . I t keeps i t s elastic properties 

down t o about - 25° C and can be used i n d e f i n i t e l y at 204°C 

and up to 315° 0 f o r 48 hours. 

1.4. The cross-linking of Viton A. 

a) Indus t r ia l Cures. 

Viton A i s a copolymer of vinylidene f l u o r i d e and 

hexafluoropropylene. I t s structure ( I ) consists of a l ter­

nating - CH2 - and - C l 2 - groups interspersed wi th very 
CP 

short branched fluorocarbon ( 3 
cha ins . 2 9 The copolymer -[(CEgOTg^CPgCTj- x ( I ) 

i s of l i t t l e use u n t i l i t has been converted to a cross-

l inked vulcanisate. The chemical s t a b i l i t y conferred by 

i t s structure ( I ) makes the formation of cross-links 
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d i f f i c u l t . Several methods have been used to cross- l ink 

Viton A although only one, using derivatives of al iphat ic 

amines, has been found to he commercially feasible . 

23 

The actual procedure used J i s t o compound Viton 

A on normal rubber processing equipment, with f i l l e r metal 

oxide acceptor, and curing agent. The stock i s then 

moulded i n a press f o r 5-60 mins. at 100-150° C. The 

p a r t i a l l y vulcanised stock i s then overt-cured i n an a i r 

c i rcu la t ing oven at 200° C fo r up t o 24 hours. I t is 

important that su f f i c i en t cross-links are formed during 

the press cure to prevent sponging by release of decompo­

s i t i o n products during the oven cure, without causing 

scorching during the compounding. 

Cross-links may be introduced by 3 general methods: 

by the action of a l iphat ic amines, high energy rad ia t ion , 

or peroxides. Primary, secondary, and t e r t i a r y mono­

amines can be used, but press cures of up to 200° C are 

23 

necessary. This i s sometimes called a thermal cure. 

Tert iary mono-amines are e f fec t ive co-curing agents with 

diamines 2 3 and d i t h i o l s . 3 0 , 3 1 Presumably the t e r t i a r y 

amine eliminates HF and the d i t h i o l forms cross-links across 

the double bonds so formed. Diamines such as MH 2( C H2^6 1 J H2 

and HHp(CHp)pHHp are very scorchy but do form e f fec t ive 
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23 vulcanisates. J When the i r amine functions are "blocked 
i n order to reduce t h i s tendency to scorch they are by f a r 
the most widely used curing agents. Inner carbamates and 
bis-cinnamylidene derivatives are those most commonly 
u s e d . 2 3 ' 2 4 ' 2 5 ' 3 0 ' 3 2 

She use of high energy radia t ion has a l l the ob­

vious disadvantages inherent therein without producing an 

improved vulcanisate. She radiat ion causes unsaturation 

similar t o that caused by the action of amines and the un­

saturated polymer is considered to crosslink at high tempe-
23 

rature by mutual interact ion of the unsaturated centres. 
24 32 

Benzoyl peroxide ' i s a very scorchy curing 

agent, yet leads to only a moderate state of cure. I t i s 

also somewhat impractical due to poor processing safety. 
Acid acceptors such as magnesium oxide, zinc oxide, 

or basic lead phosphite, are essential ingredients i n the 
23 33 

curing process of Viton A. -'»-'- / i t has been shown by 
33 

Smith that the oven cure of Viton A is dependent upon 

the elimination of water from the polymer and he concludes 

that the water i s derived from the neutral isat ion of EF, 

which i s eliminated during the cure, by the magnesium 

oxide: 

+ 7SS —> filgEg + HgO (A) 
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By assuming the stoleniometry of equation (A) and measuring 

the quantity of water evolved, he was able to show that 4 

moles of HP were eliminated per mole of curing agent. On 

the basis of t h i s information he proposed the following 

mechanism: 
( I I I I I 
CH2 CH2 CH CH CH2 CH2 

I I - 2HP II II HH 5(CH 5) 5BH 9 I I -2HP 
01*2 CE2 » CP CP — =-=-4 CP-HH(CH2)2MH-CP > 
I + I I + I I I 
0H o CH0 0H o CH9 CH5 CH5 

I I I I I I 

CH0 CH- CH9 

I I H 2 ° I 
C=H(CH2)2K-C ^ = 2C-0 + MH2(CH2)2UH2 

I I I 
CH« CH0 CH0 

i (B) 1 1 * 

I n a 3-stage process, 2 moles of HP are eliminated to form 

double bonds, then the diamine forms crosslinks across the 

double bonds, and f i n a l l y 2 moles of HP are eliminated to 

give a di-imine structure (B) . I t should be possible to 

hydrolyse (B) i f i t i s present, and, i n f a c t , 20$ of the 

o r ig ina l amine was obtained on hydrolysis. 

b) Solution Studies. 

Several solut ion studies of the reactions of f l u o r o -

elastomers wi th amines have been undertaken. An early study 
22 

h# Bro of the embrittlement and colour changes caused by 
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adding s t r ips of polymer to r e f lux ing amines, led him to 

postulate the fol lowing reaction reaction sequence: 

H P HP 
I 1 l i 

:_:*M3!2-C-C-CH2'yVM + RMHg > vv\*vCP2-C=>C-CH2'!Vw + RMHgHP ( l ) 

H IP 

HE1 H P 
I I I ' 

:^wC3?2-CoC-CH2'Vw + RHH2 — } /s*vyCP2-C-C-CH2ww (2) 

H HH-R 

He suggested that the product from (2) may react wi th excess 

amine to give conjugated imine structures o f the type: 

H P 
t C - 6 = 6 L or ( - 0 - 6 = 0 i 

it ' n . i t i n 

R R R 

or the product from (2) may add to a double bond on another 

chain and crosslink giving considerable s t i f f e n i n g of the 

f i l m s . 

Pakiorek ^ examined the reactions of Viton A and 

Kel P elastomer (trade name: Minnesota Mining and Manufactu­

r ing Co., U.S.A. f o r C]P2:C]?C1/C]P2:CH2) by dissolving them 

i n digjLyne and. adding amines under varying conditions. 

Addition of amines to Kel P caused discolouration and pre­

c i p i t a t i o n of amine hydrochloride. Pluoride ion was only 

obtained when excess amine was present, which indicates the 

r e l a t ive ease of dehydrohalogenation of HC1 and HP. Primary 
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amines were the most reactive and t e r t i a r y amines the 

least reactive, as cross-l inking took place at room tempera­

ture with primary amines and at 180-90° wi th t e r t i a r y amines. 
23 

This conclusion i s confirmed J "by the results of a study 

of the rate of elimination of HE, i n the treatment of Viton 

A i n tetrahydrofuran, with amines, fo r periods of several 

weeks, at room temperature. 
23 

When Viton A was treated with t e r t i a r y amines 

i t was possible t o demonstrate that chain scission occurred 

during the reaction by p l o t t i n g the time of reaction against 

the v iscos i ty of the solut ion and noting the gradual f a l l 

i n v i scos i ty . I t was suggested that similar degradation 

occurred i n reactions with primary and secondary amines, 

but t h i s could not be demonstrated because of the formation 

of gels during i so la t ion of the polymer samples. 
An attempt to establish the presence of unsatura-

23 

t i o n i n amine-treated Viton A by ozonolysis J caused no 

reduction i n molecular weight. EftaO^ and B r 2 could not be 

used as double bond reagents because Viton A was attacked 

by them i n solut ion. However, in f ra - red spectra of 

pressed f i lms of Viton A a f t e r treatment with t r ime thy l -

amine showed 2 new absorbtion peaks at 5*8 and 5*95 microns 
23 

which were assigned to double bonds. The in f ra - red 
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spectra of v i t o n A af te r treatment with primary and second­

ary amines showed similar but more pronounced changes, 

c) Model Compound Studies. 

The reactions of model compounds containing s t ruct­

ures resembling those of fLuDroelastomers, with various 

amines, have been studied i n order to elucidate the mecha­

nism of curing i n the fluoroelastomers. Two model com­

pounds, c; l ,5,5-trihydro-4-iodoperfluorooctane [ l ] and 4,4-

dihydro-3-iodoperfluoroheptane [2 ] , were synthesised by 

Eakiorek, 3 ^ and the i r reactions with amines investigated. 

Their structures are similar to that of Kel E polymer 

except that chlorine i s replaced by iodine. At room 

temperature high yields of amine hydroiodide were obtained 

wi th butylamine, dibutylamine, and trethylamine, and rates 

of reaction were the same as f o r Kel E and amines, i . e . 

primary y secondary!^ t e r t i a r y amines. The o l e f i n 

formed by reaction of [2 ] with C^HgHH,, was [ 3 ] , the pre­

sence of - CP = CH - being indicated by in f ra - red absorption 

bands at 5«80^l and 3«22yU similar to those exhibited by 

amine treated polymers. When [3] was treated with an 

equimolar quantity of C^HgMHg, the amine added across the 

double bond. A fur ther equimolar quantity of amine 

caused the prec ip i ta t ion of C.HQHEU.HI1 and a mixture of 
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tautomers [4] and [5] was obtained. Inf ra - red absorptions 

at 5«93yU , ascribed to C • C, and at 5-86/U , ascribed 

to the imino group, indicated the presence of the tautomers. 

Treatment of a mixture of [4] and [5 ] wi th more Ĉ HgMHg 

gave [ 6 ] . The reaction mechanism is shown i n f i g . I 8 l » 

C4H9HH2

 C 4 H 9 H H 2 
C ^ . O T I . C H g C ^ > C ^ . C E - C H . C ^ * 

[2 ] [3] 
C4H9HH2 

C 2 i 1

5 .Ci , .CH 2 .C 3 I 1

7 > C 2 I I

5 .C .CH 2 .C 3 I 4

7 + C^ffg.C-C.C^Ey 
I II 1 

HNC4Hg NC4H9 HWC4H9 

[7 ] [4 ] [5] 

C 4H 9KH 2 BEBfy 
C 2 i ,

5 .C=CH.C 3 i ,

7 . > C 2F 5.C-CH.Cl ,.C 2ff 5 [ 8 ] 

HMC4Hg HNC4H9 

[5 ] C4H9HH2 

P i g . I . I . KC4H9 

CgE^oC.CH.C.C^. [6 ] 

HWC4H9 

The non i so la t ion of the interm&di&fres [7] and [8] i s not 
36 

unexpected as i t has been shown * i n a study of the re­

action of C4H9WH2 wi th CFC1 = CTg that a structure con-
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i 
ta in ing the element - NH - CP - readi ly eliminates HP. 
A similar reaction sequence was obtained using d i b u t y l -
amine ^ but with a slower rate of addition of the amine 
to the o l e f i n formed by dehydroiodination, 

Purther work by Pakiorek ^ has shown that KOH 

and amines w i l l eliminate a t e r t i a r y f luor ine atom as HP 

from the unsaturated model compound GPg.CHg.CPCCgP^CHB 

CP.CgPj: 
C2*V CpP-

l * 3 -HP \ D 

CPg.CHg.CP.CH-CP.CgPj > CPg.CH-C.CH-CP.CgPg 

37 

Work i n these laboratories on the r eac t iv i ty of the 

saturated model compounds [ l ] , [ 2 ] , and [ 3 ] , of which [ l ] 

contains t e r t i a r y f l u o r i n e has 
[(CP 3 ) 2 CP.CH 2 .CP 2 ] 2 , [n .C 3 P 7 .CH 2 CP 2 ] 2 , [C 2 P 5 .CH 2 .CP 2 ] 2 

[1 ] [2 ] [3 ] 

shown that whereas primary and secondary amines eliminate 

HP from [ l j and [3 ] at room temperature, extensive decompo­

s i t i o n occurs, i n reactions with KOH. Reaction of [ l ] 

wi th 1 mole of (C^B^H at 130° 3 8 causes dehydrofluorina-

t i o n t o give a diene, 

(CP3)2GP-CH - CP.CP2.CH - C(CP 3 ) 2 , 

i n which one double bond only i s formed by the release of 
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t e r t i a r y f l u o r i n e . Some unident i f ied polymeric material 

was also formed which was highly f luor inated and contained 

nitrogen, and i t was suggested that the formation of t h i s 

compound corresponds to the formation of cross-links i n 

Viton A. 

The treatment of a simpler model compound 

(CE3)2CI ,CH2CSI

3 wi th 2 moles of tr i .n-hutylamine at 130° 

f o r 24 hours gave as the main product (CI^) gCHCHgCÊ  

i . e . instead of the usual elimination of Hi 1 , f l u o r i n e has 

been replaced by hydrogen. This type of replacement had 

not previously been demonstrated and may be a factor i n 

the cross-linking of fluoroelastomers. 
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CHAPTER I I ; DISCUSSION AHD EXPERIMENTAL 
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Discussion. 

I I . l . Introduction. 
13 

Previous work i n these laboratories J led t o the 

preparation of various co-telomer alcohol mixtures from 

pairs of olef ins and methanol as a chain transfer agent 

(C . I .A . ) or telogen. The reactions led t o the forma­

t i o n of a complex mixture of co-telomer products of 

various chain lengths, and i t was found to be impossible 

to separate such a mixture into i t s components f o r character 

i sa t ion . Two co-telomer alcohol mixtures have been used 

i n t h i s thesis , those containing GEyjP : CP2, CH2:C]?2 and 

MeOH (Viton-MeOH), and 1,4-C^3?8, CHgCPg, and MeOH. Both 

mixtures eliminate HP on standing. Part I of t h i s thesis 

concerns the attempt to s tabi l i se these co-telomer alcohols, 

and increase their molecular weight by crosslinking, f o r 

possible use as p las t ic i sers , lubr icants , or heat exchangers 

Various methods have been used i n industry t o 

crosslink. Viton A copolymers (see p . 8. ) . The most 

successful of these0 methods have been those involving the 

use of primary diamines, diamine derivat ives, and t e r t i a r y 

amines wi th d i t h i o l s . These reagents have now been used 

to crosslink the co-telomer alcohol mixtures. Most of 

the work concerns the Viton-MeOH co-telomers. 
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The products from these reactions have been i n ­

vestigated by average molecular weight determination 

(ebul l ioscopica l ly) , measurement of in f ra - red spectra, 

and analysis of f l uo r ine content. 
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I I . 2 . Reagents and Solvents. 

The preliminary reactions were carried out wi th 

excess njautylamine and triethylamine using the Vi ton-

MeOH co-telomer alcohols i n ether solutions. Ethylene 

diamine and hexamethylene diamine, whose -Setoffis-"baSesr-. (e .g . 

E.CHsNCCHgJglaCH.R) have both had commercial acceptance 

as curing (crosslinking) agents, D are only s l i g h t l y 

soluble i n ether, and an attempted crosslinking by the 

addition of a suspension of ethylene diamine i n ether 

to the co-telomers, gave a very low y i e l d because o f the 

d i f f i c u l t y i n extracting the product from the aqueous layer, 

a f t e r the ethereal solution was ac id i f i ed with d i l u t e HC1 
j>rodnet f row t*i& 

and thai neutralised. IheAaqueous layer from a similar 

crosslinking reaction with hexamethylene diamine could 

not be extracted with ether, benzene, or carbon t e t r a ­

chloride. The diamines were found to be soluble i n 

monoglyme (l,2-dimethoxy ethane), and la ter reactions 

were carried out i n th i s solvent. Monoglyme i s miscible 

with d i l u t e HC1 which prevented the removal of excess amine 

by washing with aqueous acid. However, smaller molar 

ra t ios of co-telomers:diamine were now used (mainly 2:1) , 

anhydrous potassium carbonate was added as an acid-acceptor 

to take up the HE eliminated ( c f . MgO etc. as indus t r i a l 
ac id-acceptors 2 3 * 3 3 ) , and acid-washing of the reaction 
mixture was f e l t to be unimportant. 



Time/temp. m.wt. #F # E 
of Re- Reac-Pro- Reac-Pro- (Reac 
action tant duct tant duct -tan-} 

(Pro­
duct) 

a) 1 Et 3N 50°C/2 hr 409 488 62*8 60*6 2«2 

h) 1 n.C 4H gNH 2 20°C/18 hr 583 1100 64-0 56.8 7-2 

. c ) l 1 MH2(CH2)21JH2 20°C/18 hr 355 397 64-4 54.5 9.9 

.c)2 1 " 20°C/18 hr 355 480 64-4 54.9 9.5 

c)3 1 " 150°C/3 hr 355 764 64-4 57-5 6.9 

c)4 1 100°C/3 hr 355 520 64-4 57-1 7-3 

o)5 1 " 170°C/3 hr 399 785 57-9 51«5 6«4 

d ) l 1 HH2(CH2)6MH2100°C/3 hr 330 - 59-9 47-5 12-4 

d)2 1 " 59°C/18 hr 330 1130 59.9 50.8 9-1 

e) 1 NH2(CH2)3WH2100°C/3 hr 330 556 59'9 46-6 13«3 

f ) 1 Et 3H/SH(CH 2) 350°C/l8 hr 330 
SH 

835 59«9 53-4 6*5 

e) 2 NH 2(CH 2) 6BH 2 50°C/18 hr - 55 «9 43*6 12-3 

h) 2 HH2(CH2)2MH2 20°C/18 hr . - 0 55.9 38-9 17.0 

Co-telomer Alcohols:- 1 : C^g/CHgCP^MeOH 

2 : l,4-C 6l 8/CH 2CE 2/MeOH 

Reac- Co- Gross-link-
t i o n t e lo - l i n g Agent 

mer.i-
Alco­
hols 

Table I I . 1 . Summary of Cross-linking Reactions 
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I I . 3 . Cross-linking Reactions. 

Cross-linking of Viton-MeOH Co-telomer Alcohols with^Prijiary 
Mono-amines and Diaminesf 

When the Viton-MeOH co-telomers were treated wi th ex­

cess n-butylamine i n ether, and the excess amine was removed 

with aqueous acid, a s tabi l ised (non Hff-smelling) brown o i l 

of much increased v iscos i ty was obtained. The increase i n 

molecular weight (583 —> 1,110; 90$), showed that cross-

l ink ing had taken place and a product of the desired type 

had been obtained. The inf ra - red spectrum of the s ta r t ing 

material had peaks at 3436 cm" 1 [(broad), 0-H s t re tch] , 

2985 cm"1 [ (S ) , C-H s t re tch] , and showed s l ight unsatura-

t i o n at 1757 cm" 1 (w) and 1639 cm"1 (w). The alcohol 

port ion was shown to be s t i l l present i n the in f ra - red 

spectrum of the product, stronger absorption at 2985 cm - 1 

indicated the presence of n-C^Hg-, and absorption at 1757 

cm"1 (s) and 1639 cm" 1 (broad) indicated a large amount of 

unsaturation. The product was tested by sodium fus ion 

and ferrous sulphate fo r nitrogen and gave a posi t ive re­

su l t , showing that the amine i s present i n the crosslinked 

structure. Amine hydrofluoride was precipitated i n the 

reaction, showing that HP is eliminated, and leading to 

unsaturation. The reduction i n f l uo r ine content (see 

Table I I . j . ) obtained can be explained as resul t ing from 
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both the e l i m i n a t i o n o f HP and by the i n c l u s i o n of amine 

i n the c ross - l inks formed. 

The Viton-MeOH co-telomers were then t rea ted w i t h 

ethylene diamine i n monoglyme under var ious reac t ion condi ­

t i o n s . A molar r a t i o of 2 :1 f o r co-telomers:diamine was 

used i n each r e a c t i o n except the f i r s t ( 4 : 1 ) . I t was 

considered t h a t t h i s molar r a t i o (2 :1) would be best i f 

one molecule G>f diamine c ross - l inked two co-telomer^chains 

by i n t e r a c t i o n o f each of the amino groups o f the diamine 

w i t h a separate co-telomer chain . Anhydrous potassium 

carbonate was added asan ac id acceptor, jus t as MgO etc. 

are added i n the cur ing _of V i t o n A . 2 3 » 3 3 

The products obtained at room temperature were 

p leasant-smel l ing, red o i l s o f increased v i s c o s i t y . From 

react ions i n Garius tubes at 100-170° C, brown-black,semi­

s o l i d products were obtained. At t h i s temperature degra­

da t ion occurred and carbon was f i l t e r e d o f f f rom the r e ­

ac t ion mix tu re . Cross - l ink ing increased w i t h temperature, 

as indica ted by the increase i n average molecular weight 

f rom 355 to 480 (35$) at room temperature to 355 t o 764 

(115$) at 150° C. Witrogen was shown to be present i n 

the products by sodium fus ions and fe r rous sulphate. A l l 

the products showed a large amount o f unsa tura t ion w i t h 
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peaks at 1724 cm (s) and 1613 cm (s) i n t h e i r i n f r a ­

red spectra. The alcohol p o r t i o n was s t i l l present and 

the C-H s t re tch ing absorption was increased. 

The average molecular weight of the co-telomers used 

i n react ions w i t h ethylene diamine was 355* The actual 

co-telomer molecule w i t h the nearest molecular weight t o 

t h i s contains 1 C^g:2CH 2c:F 2si MeOH (M f 310 . ) , and w i l l 

have the f o l l o w i n g s t ruc tu re ( a f t e r Plimmer 

CH 2 (0H).CH 2 .Ci ,

2 .CH 2 CE 2 .CI ,

2 .CEH(CI ,

3 ) (M, 310; S1, 61«2#) 

I t i s possible to postula te a mechanism f o r the r eac t ion 

of t h i s molecule w i t h ethylene diamine and co r re l a t e i t 

w i t h average molecular weights and f l u o r i n e analyses, as 

i n f i g . H . l . I t i s bel ieved tha t dehydro f luo r ina t ion i s 

the f i r s t s tep, fo l lowed by a d d i t i o n o f the amine t o the 

r e s u l t i n g double-bond, w i t h concurrent or subsequent hydro­

gen f l u o r i d e e l i m i n a t i o n . The evidence i n support o f t h i s 

mechanism i s as f o l l o w s : the e l i m i n a t i o n o f HP on standing 

from the Viton-MeOH co-telomers, and the format ion o f amine 

h y d r o f l u o r i d e i n the reac t ion o f excess n-butylamine w i t h 

co-telomers po in ts t o dehydro f luor ina t ion as the main p ro ­

cess i n stage ( l ) . This i s supported by evidence f rom 

other workers who found t h a t dehydrohalogenation was the 
22 34 

f i r s t step i n the r eac t ion of V i t o n - l i k e polymers 



26. 

2x CH 2(OH)CH 2.CP 2.CH 2CI ,

2.Ci' 2.C^H(CE 3) (A) (M, 310; S, 61.2#) 

(1) I -m 

2x CH 2(0H).CH 2.CP 2.CH=Ci ,.Ci ,

2.Ci'H(ei ,

3) (B) (M, 290; P, 59«0#) 

(2) | H H 2 ( C H 2 ) 2 1 3 H 2 

CH2 ( OH) CH 2 . CJg. CH 2 . -CI 1 . CIg . CIH (CI^) ( C) 

m 
I 
( C H 2 ) 2 

I 
m 

CH 2(OH).CH 2.CP 2.CH 2.-CP.CP 2.CPH(CP 3) 

(3) | - H J 

C^COHj.CHg.Glg.CH^.C^.CIHCC^) (D) (M, 600; P, 50-7$) 

H 
I 
( C H ? ) 2 

I " 

CH2(OH) CH2.CP2,CH2,C.CP2,CPHC CI^) 

P i g . H . l . 
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and model compounds - ?- ,»- ?°»-' w i t h primary amines. The 

increase i n molecular weight, the presence of n i t rogen 

and increased C-H absorpt ion ( i n f r a - r e d ) i n the products 

indica tes tha t the amine takes par t i n the c r o s s - l i n k i n g , 
i 

The u n i t - CP - ItfH - , which i s present i n s t ruc tu re (C) 

has "been shown t o he unstable and t o e l imina te HF t o form 

- C m N , and i t i s suggested tha t t h i s occurs a t 

stage (3) t o g ive s t ruc tu re ( D ) . The increse i n mole­

cular weight i n going f rom A to D i s f rom 310 t o 600 which 

agrees w e l l w i th the comparative f i g u r e s f o r t h e co-telomer 

react ions at 150° C and 170° C, e.g. at 150° C, the mole­

cular weight increase i s f rom 355 t o 764; and the decrease 

i n f l u o r i n e content (10«5# - ^able I I . l ) , i s o f the order 

of t h a t obtained i n the co-telomer react ions at 150° C and 

170° C (6*9$, 6«4#) . These observations also conf i rm 

the postulated mechanism. The decrease i n f l u o r i n e con­

t e n t i s greater f o r the lower temperature react ions (9*5$ 

at room temperature). This can be explained by suggesting 

tha t as there i s less c r o s s - l i n k i n g at t h i s temperature, 

co-telomer chains attached t o diamines, the second amino 

group of which w i l l not havereacted, w i l l be present . 

Thus, w i t h molecules present i n which one diamine i s 

attached t o only one coOtelomer chain , the f l u o r i n e con­

t e n t of the molecule w i l l be reduced. 
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The i n f r a - r e d spectrum of the products indicates 

d i f f e r e n t kinds of unsa tura t ion . This corresponds to 

e l i m i n a t i o n of HI at several s i t e s i n A, e .g . 

CH2 ( OH) CH-CP. CH=C:P. C!P. -C3P ( CI^ ) 

as w e l l as the C=M unsa tura t ion suggested above, and addi ­

t i o n of amine could take place at any of these s i t e s , 

Pakiorek ^ has shown tha t unstable s t ructures of the 
l i 

type - CH 2 - C3? - NH - can e l iminate HP t o g ive - CH = C - HH 

as w e l l as - CHg - C = U - and the former s t ruc tu re i s 

t he re fo re also l i k e l y to be present i n the products . 

I n order t o exp la in the c r o s s - l i n k i n g i n the n -

butylamine product, i t i s necessary t o postula te ( l ) r e ­

moval of HP f rom two co-telomer chains, (2) a d d i t i o n of 

I I I I [ I 1 I 
CH 0 0H o CH CH CH0 CH CH 0 CH0 

I i ^ | | i | * ^ » i || ^ | i 

CV0 CP„ ^ C!P CE Cl-BH CS1 CI-W—CP 
I I I I M l I 1 1 

C4H9 °4 H 9 

amine t o one chain , (3) i n t e r a c t i o n o f the - HH group w i t h 

the other chain. This type of mechanism has been suggested 

before to explain the react ions of primary amines w i t h V i t o n -

l i k e s t ructures obtained a f t e r removal of HC1 f rom Ke l 3? 

elastomer. The average molecular weight o f the s t a r t i n g 
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mater ia l i s 583» and a c a l c u l a t i o n o f the molecular weight 

o f the product formed i n the c r o s s - l i n k i n g o f two o f these 

chains w i t h n-butylamine gives the f o l l o w i n g r e s u l t : 

(2 s: 583) - 40 (2HF) + 73 (n-C 4 H g KH 2 ) = 1,199 

This value i s very close t o ac tual molecular weight of the 

product (1,110). 

At 100° C, the product f rom the r eac t ion of hexa-

methylene diamine w i t h Viton-MeOH co-telomers v/as a black 

s o l i d . I t s molecular weight could not be determined as 

i t was inso lub le i n b o i l i n g acetone. However, i t s mole­

cular weight must have been much greater than 1,130 which 

was the molecular weight of the ssmi^sol id obtained f rom 

the r eac t ion at 50° C. The i n f r a - r e d spectrum of the 

former product: and tha t f rom the r e a c t i o n o f t r imethylene 

diamine w i t h co-telomers were very s i m i l a r t o those des­

cr ibed above f o r the ethylene diamine r eac t ion produ(£ts . , 

I n order t o obta in a product of molecular wt . 1,130 f rom 

a s t a r t i n g ma te r i a l of average molecular wt , 330 i t i s 

necessary to pos tu la te s t ruc tures i n v o l v i n g three co-

telomer chains c ross - l inked by two molecules of hexamethyl 

ene diamine, e .g . 
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N 
i 
(0H o ) 
I 2 '6 

N 
I 
(CH 0) 

I 2^6 

The l i n e — 

represents a co-telomer cha in . A molecular weight calcu­

l a t i o n gives the f o l l o w i n g r e s u l t : (3 x 330) + [2 x 112 

(MH 2 (CH 2 ) 6 KH 2 ) ] - 160 (8H21) = 1,054, which i s close to the 

experimental value ( l , 1 3 0 ) . I t i s also possible t o postu­

l a t e t h a t two chains are cross- l inked by two or more 

amines. This would also lead t o increases i n molecular 

weight . I f the r e a c t i v i t i e s o f the diamines towards r e ­

ac t i on w i t h co-telomer chains are expressed i n terms o f 

the r a t i o + m.wt. product/m.wt. reac tan t , the f o l l o w i n g 

r e s u l t s are obtained:-

Bbhylene Diamine , 100°C + 520/355 = 1-50 

Trimethylene Diamine,100°C : (556-14)/330 = L 6 4 [14=CH 2] 

Hexamethylene Diamine, 50° C: ( l ,130-112)/330 = 3*08 

[112 - 2 x ( C H 2 ) 4 ] 
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Allowances were made f o r the molecular weights o f the d i a ­

mines and the pos tu la te t ha t two molecules of hexamethylene 

diamine w i l l c r o s s - l i n k three co-telomers chains. Thus, 

the order of r e a c t i v i t y i s found t o be:- > • 

Hexamethylene Diamine ^ Trimethylene Diamine > Ethylene 

Diamine 

Cross - l ink ing of Viton-MeOH Co-telomer Alcohols w i t h a 
T e r t i a r y Amine and D i t h i o l . 

When a t e r t i a r y amine (Efc^N) was t rea ted w i t h co-

telomers f o r two h r . i n ether at 50° C, the molecular weight 

of the "brown product obtained was increased only s l i g h t l y 

(409 t o 488) . The infraf tced spectrum showed l i t t l e change 

w i t h only a very s l i g h t increase i n unsa tura t ion . When 

p ropane - l , r -3 -d i th io l i n monoglyme, a more polar solvent , 

was added, at the same temperature, i n the presence of v 

porusssiAv* carbonate, considerably more r e a c t i o n took place. 

The molecular weight of the s t a r t i n g ma te r i a l was increased 

by 153$ (330 to 835$, and the f l u o r i n e content was reduced 

by 6.5$ (Table I I . l ) . The i n f r a - r e d spectrum was s i m i l a r 

t o those of the diamine products , showing a large amount 

of unsatura t ion [1724 cm"*1 ( s ) , 1639 cm" 1 ( b road ) ] , and 

increased C-H s t r e t ch absorption [2985 c m " 1 ( s ) ] . No 

S-H absorption i n the r eg ion around 2564 cm"l could be 

observed. Sodium f u s i o n fo l lowed by sodium n i t ropruss ide 
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showed: t ha t sulphur was present i n the product . Thus, the 

f o l l o w i n g type of s t ruc tu re can be postulated f o r the pro­

duct , i n v o l v i n g c ro s s - l i nk ing o f two co-telomer chains (A) 

by the d i t h i o l : 

CH2 ( OH) . CH 2 . CP 2 . CH=C. C]?2CPH( CI^ ) 

S 
I 
( C H 2 ) 2 

I 
S 

CH 2(0H)CH 2.C^ ,

2.CH=C.Ci ,

2.GlH.(C^ , ) . 

The reac t ion mechanism w i l l be s i m i l a r t o t ha t suggested 

i n f i g . 1 1 , 1 . As before , the c r o s s - l i n k i n g could take 

place at several s i t e s on a co-telomer chain and involve 

more than one d i t h i o l and more than two co-telomer chains. 

Cross - l ink ing of 1.4-0otafluorooYclohexadiene/Vinylidene 
flluoride/MeOH Co-telomer Alcohols w i t h Diamines. 

Plimmer ^ suggested tha t these co-telomers con­

ta ined s t ruc tures of the t y p e : -

CH 2(0H)CH 2.ci« 2 C I. „ ĉiH 

The i n f r a - r e d spectrum contains peaks i n the unsa tura t ion 

range at the f o l l o w i n g wave numbers 1757 cm w ' L (w), 1754 cm"'L 
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( s ) , and 1695 cm ( w ) . The 1754 cm" (s) peak was a t t r i ­

buted 1 ^ to the - CP = CP - c y c l i c double bond and the 

other peaks can be a t t r i b u t e d to the HP e l i m i n a t i o n , which 

occurs on s tanding. 

The co-telomere were t r e a t e d w i t h ethylene diamine 

at room temperature t o g ive a red-brown o i l of increased 

v i s c o s i t y , and w i t h hexamethylene diamine at 50° C to give 

a black s o l i d . Both the s t a r t i n g m a t e r i a l (copiously) 

and the product, e l iminated HP on standing. I t was im­

possible t o obta in molecular weights f o r these compounds, 

and i t seems l i k e l y t h a t the ebull iometer was a f f e c t e d by 

the HP released. The increased v i s c o s i t y of the products , 

and the la rge reductions i n f l u o r i n e content (Pig ,11,1) due 

t o HP e l i m i n a t i o n and i n c l u s i o n of amine, showed tha t cross-

l i n k i n g had occurred, and strong absorpt ion at 1695 cm**"5" i n 

the i n f r a - r e d spectrum showed t h a t unsatura t ion had increas­

ed. The mechanism f o r these react ions w i l l be s i m i l a r t o 

t h a t postulated f o r the Viton-MeOH co-telomer reac t ions 

w i t h diamines. 
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Experimental 

I I . 4 . Molecular Weights. 

The instrument used to determine these was a 

Gallenkamp semi-micro ebul l iometer , su i t ab le f o r the deter­

minat ion o f molecular weights on 200 mg. samples. The 

l i m i t a t i o n s o f the method are that the compound t o be deter­

mined must (a) have a n e g l i g i b l e vapour pressure (b) be 

soluble i n acetone, ether , or benzene (c) have a molecular 

weight below 1,000. 

Procedure. The apparatus was set up as described i n the 

i n s t r u c t i o n l e a f l e t . The samples were i n j e c t e d i n the 

form of weighed p e l l e t s ( s o l i d s ) , or on a looped copper 

wi re (semi-solids and viscous l i q u i d s ) . Theapparatus was 

f i r s t c a l i b r a t e d using naphthalene as a standard. Once 

the solvent (dry acetone) had reached a c o n d i t i o n o f steady 

b o i l i n g , p e l l e t s of naphthalene (approx. 50 mg. each) were 

weighed accurate ly , and added t o the solvent at three min­

u te i n t e r v a l s , n o t i n g the resis tance change w i t h each addi­

t i o n , by b r ing ing the galvanometer d e f l e c t i o n back t o zero. 

Results and Ca lcu la t ion . l o r naphthalene the r e s u l t s were 

tabula ted as f o l l o w s : 
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R A R £AE £AWt 

2085 

2012•5 72-5 72«5 0-057 0-057 

1920 92-5 165 0-081 0-138 

1851-5 68-5 233-5 0-050 0-188 

1784 67-5 301 0-053 0-241 

1697 87-0 388 0-075 0*316 

Where R * resis tance 

AR = change i n resis tance caused by a d d i t i o n 

of A Wt g . so lu t e . 

± AWt = the sum o f A Wt corresponding t o 2 A E 

A graph was drawn of £ ^ R v s . £_AWt, t he slope of which, 

£AR/£AWt • S, was p ropor t iona l t o the molecular weight 

o f the compound used (see P i g . I I . 2 ) . 

i . e . K 3 Mol .wt . s. S. 

Hence f o r the naphthalene standard, 

E = 128-17 x S. 

K i s a constant f o r the apparatus under these condi t ions . 

Prom P i g . I I . 2 , f o r naphthalene S = 1237-5 f where K - 158,600. 

Por any unknown compound, the above procedure was repeated, 

and a value S x obtained f o r the slope of the graph. Thus: 
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M 

158.600 
S* 

The accuracy of the method was checked using "benzoic a c i d . 

Prom the graph of £ A E / £AWt o f benzoic acid i n acetone, 

S* = 1,350, ; . M = 158,600/1,350 - 117'5 (Calc: 122*1; 

e r ror - 3 » 8 # ) . 
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