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i . 

SUMMARY. 

F l u o r o a l k y l a c r y l a t e and methacrylate monomers were 

prepared by e s t e r i f y i n g the appropriate a c i d c h l o r i d e w i t h the 

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

were c h a r a c t e r i s e d by g l c , i n f r a r e d , mass s p e c t r a l , elemental 

and nmr. a n a l y s e s . 

Homopolymers and random copolymers w i t h methyl m e t h a c r y l a t e 

were prepared by an emulsion technique and block copolymers were 

prepared v i a occluded methyl methacrylate m a c r o r a d i c a l s by 

p r e c i p i t a t i o n of the growing, polymer chains from a poor s o l v e n t , 

hexane. F r a c t i o n a t i o n of some of the block copolymers was e f f e c t e d 

by s o x h l e t e x t r a c t i o n w i t h methanol. The polymers were c h a r a c t e r i s e d 

by elemental a n a l y s i s , i n f r a r e d and n u c l e a r magnetic resonance 

spectroscopy, s o l u t i o n v i s c o s i t y and g e l permeation chromatography 

together with s u r f a c e f r e e energy i n v e s t i g a t i o n s by c o n t a c t 

angle measurements. 

I t was e s t a b l i s h e d t h a t block copolymers had a s u r f a c e 

which was e s s e n t i a l l y composed of f l u o r o a l k y l r e s i d u e s , even when 

the bulk composition was as low as 1.6 mole % of f l u o r i n a t e d monomer. 
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i v . 

Note to the reader. 

Due to the unwieldy length of the s y s t e m a t i c names of 

the monomers and polymers d i s c u s s e d i n t h i s work, a b b r e v i a t i o n s 

have been made, and the systems adopted are d e s c r i b e d below. 

2 , 2 , 2 - T r i f l u o r o e t h y l a c r y l a t e may appear simply as 

t r i f l u o r o e t h y l a c r y l a t e , or i n some t a b l e s , as t f e a . For the 

other monomers, the numbering system g i v i n g the p o s i t i o n s of 

the f l u o r i n e atoms i n the a l k y l s i d e c h a i n has been ommitted i n 

some c a s e s , f o r example, t r i f l u o r o e t h y l methacrylate i n s t e a d of 

2 , 2 , 2 - t r i f l u o r o e t h y l m ethacrylate. Other a b b r e v i a t i o n s used a r e : 

2 , 2 , 2 - t r i f l u o r o e t h y l methacrylate (tfem) 

1,1,1,3,3,3-hexafluoroisopropyl a c r y l a t e (hfpa) 

1,1,1,3,3,3-hexafluoroisopropyl m e t h a c r y l a t e (hfpm) 

2,2,3,3,4,4,5,5-octafluoropentyl a c r y l a t e (ofpa) 

methyl methacrylate (mma) 

Block copolymers are designated i n the u s u a l IUPAC 

method, i . e . 

poly(methyl m e t h a c r y l a t e - b - 2 , 2 , 2 - t r i f l u o r o e t h y l a c r y l a t e ) i s a 

copolymer comprised of a block of methyl m e t h a c r y l a t e and a block 

of 2 , 2 , 2 - t r i f l u o r o e t h y l a c r y l a t e , and may appear i n the s c r i p t 

as poly(mma-b-tfea). 

S i m i l a r l y , 

poly(methyl m e t h a c r y l a t e - r - 2 , 2 , 2 - t r i f l u o r o e t h y l a c r y l a t e ) denotes 

a copolymer of randomly d i s p e r s e d methyl m e t h a c r y l a t e and 

2 , 2 , 2 - t r i f l u o r o e t h y l a c r y l a t e u n i t s , and the name has been 

shortened to poly(mma~r=tfea) f o r convenience. 
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CHAPTER I 

BACKGROUND TO BLOCK COPOLYMERS. 



1. 

1.1. I n t r o d u c t i o n . 

One method of modifying the p h y s i c a l and chemical 

p r o p e r t i e s of a given polymer i s by the i n c o r p o r a t i o n of a 

second monomer w i t h i n the parent polymer s t r u c t u r e . 

The c l a s s i c method of combining p r o p e r t i e s of two 

homopolymers i n one product i s t h a t of random c o p o l y m e r i s a t i o n . 

T h i s method, however, f r e q u e n t l y r e s u l t s i n products t h a t have 

q u i t e d i f f e r e n t p r o p e r t i e s from the parent homopolymers. For 

example, polyethylene has a s u i t a b l y low b r i t t l e point f o r many 

a p p l i c a t i o n s , but a r e l a t i v e l y poor s u r f a c e hardness and a l o w i s h 

m e l t i n g p o i n t . Polypropylene, on the other hand, has good hardness 

and a higher melting p o i n t , but an u n s u i t a b l y high b r i t t l e p o i n t . 

Mixtures of the two polymers e x h i b i t e d demixing phenomena i n a 

broad range of mixing r a t i o s and were a l s o p a r t i c u l a r l y b r i t t l e ; 

l i k e w i s e , random copolymers of the two monomers gave i n f e r i o r 

products. A f u r t h e r method of combining two monomers i n a polymer 
1 2 

was d e s c r i b e d by M e l v i l l e . ' He reported the f i r s t s y n t h e s i s of a 

block copolymer i n a p h o t o i n i t i a t i o n study of the vapour phase 

p o l y m e r i s a t i o n of monomers. Block copolymers are comprised of A 

and B c o n s t i t u e n t monomers arranged i n blocks or long sequences, 

i . e . A A A A A B B B B B 

S i n c e the pioneer work by M e l v i l l e , - the i n t e r v e n i n g 

f o r t y y e a r s have seen r a p i d development i n both the theory and 

p r a c t i c e concerning block copolymers and a p p l i c a t i o n s of such 

r e s i n s are becoming more widespread. For example, r e t u r n i n g t o 

the case mentioned e a r l i e r of p o l yethylene and polypropylene, 

i t has now become an accepted f a c t t h a t copolymerising the two 

monomers, ethylene and propylene, under c o n d i t i o n s t h a t favour 

block formation w i l l g i v e products w i t h s u p e r i o r p r o p e r t i e s 



to those obtained by random co p o l y m e r i s a t i o n . 

The work contained i n t h i s t h e s i s concerns the block 

copolymers of methyl methacrylate w i t h f l u o r o a l k y l a c r y l a t e s 

or m e t h a c r y l a t e s . P a r t i c u l a r i n t e r e s t l i e s i n the s u r f a c e prop­

e r t i e s of such r e s i n s . 

I t should be noted a t t h i s p o i n t t h a t the p r o p e r t i e s 

of block copolymers themselves can be wi d e l y v a r i e d by a l t e r i n g 

the p r e c i s e d e t a i l s of t h e i r production. Therefore, i t must 

be s t r e s s e d t h a t the p r o p e r t i e s of the block copolymers synthe-

s i s e d i n t h i s work may have d i f f e r e n t c h a r a c t e r i s t i c s from the 

s i m i l a r type of block copolymer prepared by a d i f f e r e n t method 

and/or under d i f f e r e n t c o n d i t i o n s . 

1.2. A p p l i c a t i o n s of block copolymers. 
4-10 

Block copolymers are c u r r e n t l y f i n d i n g many uses, 

and i l l u s t r a t i v e examples are given below:-

1.2a. As reinforcements f o r n a t u r a l rubbers. 

N a t u r a l rubber can be modified by copolymerising w i t h 

methyl methacrylate. L i t t l e d i f f e r e n c e has been found between 

l a t e x and s o l i d phase block copolymerised m a t e r i a l s . Both show 

a marked s t i f f e n i n g but the t h e r m o p l a s t i c c h a r a c t e r i s t i c s of the 

v u l c n a i z a t e s impede hot i n j e c t i o n from moulds. The presence of 

10% or more of block copolymerised monomer i n a n a t u r a l rubber 

v u l c a n i z a t e p revents the growth of b a c t e r i a on the s u r f a c e . 

T h i s somewhat unexpected property has l e d to i t s use a s a chopping 

and c u t t i n g block m a t e r i a l for butchers and meat h a n d l e r s . 

1.2b. High impact s t r e n g t h polymers. 

According to theory, the i n t r o d u c t i o n of d i s c o n t i n u i t i e s 

or n u c l e i i n the i n c i p i e n t path of a f r a c t u r e s u r f a c e would 

i n c r e a s e the r e s i s t a n c e to the impact causing such a f r a c t u r e . 

I f d i s c r e t e p a r t i c l e s of a d i f f e r e n t phase could be d i s p e r s e d 
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u n i f o r m l y i n g l a s s - l i k e polymers such as p o l y s t y r e n e then the 

impact r e s i s t a n c e would be i n c r e a s e d . However, the i n t r o d u c t i o n 

of m i c r o p a r t i c l e s of rubber g i v e s products t h a t a r e s t r u c t u r a l l y 

weak due to i n c o m p a t a b i l i t y and consequent microphase s e p a r a t i o n . 

T h i s problem i s overcome by using block copolymers. I n f a c t , i t 

i s only n e c e s s a r y to introduce i n t o polymer A a mixture of block 

copolymer AB and homopolymer B to achieve the d e s i r e d e f f e c t . I n 

other words, p o l y s t y r e n e can be given high impact p r o p e r t i e s by 

blending i t with a mixture of polybutadiene or other rubber and 

a block copolymer of the rubber with p o l y s t y r e n e . 

The manufacture, p r o p e r t i e s and t e s t i n g of high impact 

m a t e r i a l s , i n c l u d i n g toughened p o l y s t y r e n e , ABS copolymers and 

high impact p o l y ( v i n y l c h l o r i d e ) prepared by m i l l i n g p o l y ( v i n y l 

c h l o r i d e ) with butadiene copolymers and terpolymers have been 

r e v i e w e d ^ , 

1.2c. S u r f a c e a c t i v e agents. 

The b a s i c s t r u c t u r e of block copolymers should impart 

e x c e p t i o n a l s u r f a c e a c t i v e p r o p e r t i e s to these m a t e r i a l s i n 

ap p r o p r i a t e c a s e s , s i n c e polymeric segments t h a t a r e water s o l u b l e 

and others t h a t are o i l s o l u b l e may be incorporated i n t o the 

same macromolecule. The e f f e c t i v e n e s s of the "Pleuronics"and 

" T e t r o n i c s " s u r f a c e a c t i v e agents i s a consequence of t h i s 

p a r t i c u l a r property. 

Block copolymers of ethylene and propylene oxide have 

been commercially produced f o r many y e a r s and have found wide­

spread use as e m u l s i f i e r s . The c r i t i c a l m i c e l l e c o n c e n t r a t i o n 

of t h e s e s u r f a c t a n t s was found to be lower than t h a t obtained 
12 

for other n o n - i o n i c s u r f a c t a n t s . 
The s t a b i l i t y of emulsions and d i s p e r s i o n s i s g e n e r a l l y 

enhanced by block copolymers producing more uniform m a t e r i a l s , 
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u s u a l l y w i t h improved p r o p e r t i e s . For example, B e r l i n and 
13 

Berkman found t h a t the a d d i t i o n of methoxy-.cellulose during 

the suspension p o l y m e r i s a t i o n of methyl a c r y l a t e provided s t a b ­

i l i s a t i o n of the suspension, but s i m i l a r a d d i t i o n s to a polymeric 

d i s p e r s i o n did not enhance s t a b i l i t y . From t h i s and other exper­

iments i t was concluded t h a t a methoxy c e l l u l o s e - a c r y l a t e block 

copolymer was formed during the p o l y m e r i s a t i o n and s t a b i l i s e d 

the a c r y l a t e homopolymer molecules. 

I t has a l s o been found that such m a t e r i a l s as s t a r c h -

b-poly(methyl m e t h a c r y l a t e ) , c a s e i n - b - p o l y ( v i n y l a c e t a t e ) and 

p o l y ( e t h y l e n e oxide-b-styrene) a t c o n c e n t r a t i o n s l e s s than 0.5% 

are very e f f e c t i v e s u r f a c e a c t i v e agents i n emulsion and s u s ­

pension p o l y m e r i s a t i o n s . 

1.2d. F i b r e s . 

Many new f i b r e s , such as a c r y l o n i t r i l e , present dyeing 

and dye r e t e n t i o n problems. The problem can be overcome by 

g r a f t i n g or block copolymerising w i t h a monomer, the polymer of 
which r e a d i l y a c c e p t s the d y e s t u f f i t i s re q u i r e d to use. 

« 
1.2e. F i l m forming polymers. 

The Dow Chemical Company and BX P l a s t i c s have patented 

t r a n s p a r e n t block copolymer f i l m s f o r food packaging and other 

a p p l i c a t i o n s . I t i s g e n e r a l l y accepted t h a t high energy l i n e a r 

a c c e l e r a t o r s are used i n the s y n t h e s i s of these m a t e r i a l s . ^ ^ 

1.2f. Adhesives, c a u l k s , s e a l a n t s and c o a t i n g s . 

The e l a s t o m e r i c block copolymers themselves are t a c k -

f r e e , but can be made tacky by compounding with an ap p r o p r i a t e 

r e s i n . For example, styrene-butadiene block copolymers have 
been used w i t h terpene r e s i n s as hot melt p r e s s u r e s e n s i t i v e 

17 
a d h e s i v e s . The adhesion of metal f i l m s to block copolymers 
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i s o f t e n g r e a t e r than to random copolymers of the same compo-
18 

s i t i o n . 

Block copolymers can be compounded w i t h other m a t e r i a l s 

such a s i n o r g a n i c f i l l e r s , petroleum o i l s , a s p h a l t s and reactive 

monomers to develop d e s i r a b l e p r o p e r t i e s . Examples a r e : -

Kraton 1101 p o l y ( s t y r e n e - b - b u t a d i e n e - b - s t y r e n e ) , 

Kraton 1107 p o l y ( s t y r e n e - b - i s o p r e n e - b - s t y r e n e ) . 

These a r e t h e r m o p l a s t i c elastomers introduced by the S h e l l 

Chemical Company. They have high t e n s i l e s t r e n g t h , high r e s i -

l i a n c e and r e v e r s i b l e elongation. T h e i r s t r e s s - s t r a i n proper­

t i e s a r e e s s e n t i a l l y u naffected by repeated melting or d i s s o l u ­

t i o n , they a l s o r e t a i n t h e i r e l a s t o m e r i c p r o p e r t i e s a t low tem­

p e r a t u r e s and can be i n j e c t i o n .moulded or extruded, f e and have 
4 

a wide range of a p p l i c a t i o n s . 

A s e r i e s of styrene-butadiene d i b l o c k copolymers i s 

produced by the P h i l i p s Petroleum Company under the trademark 

"Solprene". These f i n d uses i n moulded and extruded mechanical 

goods, shoe products, s e a l a n t s and a d h e s i v e s . The f a b r i c a t e d 

products g e n e r a l l y must be v u l c a n i s e d to obtain good mechani­

c a l p r o p e r t i e s . 

1.2g. E x t r u s i o n and moulding. 

E l a s t o m e r i c block copolymers are a v a i l a b l e i n p e l l e t 

form which may be d i r e c t l y fed i n t o c o n v e n t i o na l p l a s t i c s 

p r o c e s s i n g equipment. Premixing with other substances i s e l i m ­

inated s i n c e the m a t e r i a l s are i n ready-to^use form. They f i n d 

a p p l i c a t i o n where the p r o c e s s i n g advantages of the t h e r m o p l a s t i c s 

are d e s i r e d i n combination with rubbery p r o p e r t i e s such as e l a s ­

t i c i t y , low temperature f l e x i b i l i t y , high f r i c t i o n a b r a s i o n 

r e s i s t a n c e e t c . Examples a r e : -
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Kraton 2104 fo r pharmaceutical uses, f i l m s , d i s p o s a b l e 

s y r i n g e bulbs. 

Kraton 2109 fo r s p e c i a l tubing. 

Kraton 3125 for f i l m s , laminates and w i r e i n s u l a t i o n . 

1.2h. Cosmetics. 

I n a French Patent 19 appearing i n 1973, the authors 

were i n the process of developing c o s m e t i c a l l y u s e f u l block 

copolymers. Trisequenced block copolymers, u s e f u l i n o i l - c o n ­

t a i n i n g cosmetic emulsions a r e prepared by r a d i c a l or redox 

p o l y m e r i s a t i o n of one monomer, a d d i t i o n of a second monomer, 

cont i n u i n g p o l y m e r i s a t i o n , e l i m i n a t i n g the f i r s t monomer and 

completing the p o l y m e r i s a t i o n . 

1.3. Methods of S y n t h e s i s of Block Copolymers. 

B a s i c a l l y , the method of production of a block copolymer 

i s by r e a c t i n g a second monomer with a preformed polymer p r e ­

pared i n such a way t h a t i t i s able to undergo such a second 

phase r e a c t i o n . Methods of producing t h i s r e a c t i v e polymeric 

s p e c i e s are many and v a r i e d and there i s a wealth of l i t e r a t u r e 

d e a l i n g with t h i s t o p i c , d a ting back to the 1940s. The major 

methods a r e de s c r i b e d under the fol l o w i n g methodology headings:-

1.3a. Block copolymerisations v i a f r e e r a d i c a l i n t e r m e d i a t e s . 

( i ) Photochemical s y n t h e s i s . 

PhotolysB of a preformed polymer can, under c e r t a i n 

c o n d i t i o n s , lead to the formation of macromolecular f r e e r a d ­

i c a l s which, i n the presence of a second monomer, can lead t o 

block c o p o l y m e r i s a t i o n . P h o t o s e n s i t i s e r s can be added to i n c r e a s e 

t h i s e f f e c t . 

Bolland and M e l v i l l e 20 photopolymerised methyl methac-



r y l a t e and found t h a t poly(methyl m e t h a c r y l a t e ) which was dep­

o s i t e d on the w a l l s of the r e a c t i o n v e s s e l could be used to 

i n i t i a t e the subsequent p o l y m e r i s a t i o n of a second monmer. I n 

f a c t , they block copolymerised poly(methyl methacrylate) w i t h 

chloroprene or methyl isopropenyl ketone introduced to the r e a c ­

t i o n v e s s e l i n the vapour s t a t e . Termination of the poly(methyl 

methacrylate) m a c r o r a d i c a l s i s prevented by c h a i n entanglement, 

but the second monomer was able to d i f f u s e to the unpaired 

e l e c t r o n s i t e and undergo r e a c t i o n . 

Block copolymers can be obtained by the p o l y m e r i s a t i o n 

of a water s o l u b l e monomer i n which an o i l s o l u b l e monomer i s 
21 . . suspended. When:the polymer r a d i c a l s , generated i n the aqueous 

phase, d i f f u s e a c r o s s the w a t e r - o i l i n t e r f a c e , the second monomer 

block i s formed. 

A more unorthodox technique for the p h o t o i n i t i a t i o n 

of one monomer followed by block c o p o l y m e r i s a t i o n w i t h a second 
22-24 

monomer was suggested by Hicks and M e l v i l l e . They photo-

i n i t i a t e d the f i r s t monomer p l u s a s e n s i t i s e r mixture as i t 
4 

flowed through a c a p i l l a r y tube i n t o a r e s e r v o i r c o n t a i n i n g a 

second monomer. By a d j u s t i n g c o n d i t i o n s to minimise c h a i n t r a n ­

s f e r or termination r e a c t i o n s before the growing chains reached 

the r e s e r v o i r , reasonable y i e l d s of block copolymers were ob­

t a i n e d . B u t y l a c r y l a t e or a c r y l o n i t r i l e were the "flowing." 
monomers while s t y r e n e was employed i n the r e s e r v o i r . Other 

25 
workers have used a s i m i l a r method to prepare block copolymers 
of b u t y l a c r y l a t e w i t h 2 - v i n y l p y r i d i n e and s t y r e n e . 

P h o t o l y s i s of polymeric ketones g i v e r i s e to f r e e r a d -
2 6 

i c a l s by the N o r r i s h type 1 mechanism. 
R-C-R h N > > R. + -CR — — > 2R« +C0 

1 II 

0 0 

Block copolymers can be formed i f the ketogroup i s 
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contained i n the main c h a i n of the polymer; when the ketogroup 

r e s i d e s i n the s i d e c hain, g r a f t polymers may be produced. 
27 

Towards t h i s end, G u i l l e t and N o r r i s h photolysed poly(methyl 

v i n y l ketone) i n the presence of methyl methacrylate. I r r a d i a t i o n 

of a copolymer poly(tetramethylene sebacate-co-y-ketopimelate) 

c o n t a i n i n g 10 mole % of J-ketopimelic a c i d a t 300rj)U. , where only 

the ketogroups absorb, i s accompanied by a r a p i d decrease i n 

molecular weight. When a v i n y l monomer i s added to the s o l u t i o n , 

p o l y m e r i s a t i o n occurs which i s apparently i n i t i a t e d by macro-

r a d i c a l s formed by the type 1 ketone cleavage. 

— 0 ( C H 2 ) ^ - O C ( C H 2 ) 2 C ( C H 2 ) 2 C 0 ( C H 2 ) 4 0 > C ( C H 2 ) 2 — | ( C V 2 - - | C 

J* 
— 0 ( C H 2 ) 4 — 0 C ( C H 2 ) » + • C ( C H 2 ) 2 - C O ( C H 2 ) 4 0 — 

0 0 0 
9 p 

Lat e r work i n t h i s f i e l d by G u i l l e t gave r i s e to polymers 

w i t h c o n t r o l l e d environmental l i f e t i m e s . I n c l u s i o n of ketone 

groups w i t h i n the polymer s t r u c t u r e gave the s o - c a l l e d " e c o l y t e 

p l a s t i c s " , which can be degraded by s u n l i g h t a t wavelengths 

between 290 and 330 nms, f u r t h e r biochemical degredatioh u l t i m a ­

t e l y y i e l d s carbon dioxide and water. E c o l y t e S (ketone modified 

p o l y s t y r e n e ) has r e c e n t l y been developed f o r the manufacture 
29 

of d i s p o s a b l e packaging. 

Photopolymerisation of a monomer i n the presence of a 

p r e c i p i t a n t f o r the polymer, y i e l d s occluded r a d i c a l s which may 
be used to i n i t i a t e the block copolymerisation of a second monomer. 

30-32 
Bamford e t a l s t udied such occluded r a d i c a l s of v i n y l mono­

mers, obt a i n i n g evidence for t h e i r e x i s t a n c e by r a d i c a l scavenger 



and e l e c t r o n paramagnetic resonance techniques. Hiemeleers and 
33 " . . Smets photopolymerised v a r i o u s monomers under c o n d i t i o n s 

favouring the formation of trapped r a d i c a l s , but attempts to 

prepare block copolymers by subsequent r e a c t i o n with a second 

polymer r e s u l t e d i n poor y i e l d s . 
34 

A r e c e n t R u s s i a n paper d e s c r i b e s the two step formation 

of a c r y l i c block, copolymers i n the presence of orthophosphoric a c i d . 

The monomer/acid mixture was i r r a d i a t e d w i t h U.V. r a d i a t i o n to 

c.30% conversion, and then placed i n the dark where the r e a c t i o n 

proceeded to a high degree of conversion. A second monomer was 

added and co p o l y m e r i s a t i o n continued v i a the long l i v i n g macro-

r a d i c a l formed i n the f i r s t s t e p. Homopolymer formation from the 

second monomer was reported to be absent, 

( i i ) . R a d i a t i o n s y n t h e s i s . 

Commonly used energy sources a r e ̂ C o ^ - r a y s , e l e c t r o n 

a c c e l e r a t o r s , n u c l e a r r e a c t o r s , e t c . R a d i a t i o n s y n t h e s i s of copoly­

mers i s experimently accomplished by:-

a) the*mutual i r r a d i a t i o n i n an i n e r t atmosphere of a polymer 

swollen by, or d i s s o l v e d i n , another monomer. 

b) the p r e i r r a d i a t i o n of a polymer i n a i r to y i e l d peroxy-groups 

or trapped r a d i c a l s on the backbone and subsequent c o n t a c t with a 

d i f f e r e n t monomer i n the absence of a i r , accompanied by heat i n g . 

c ) the p r e i r r a d i a t i o n of a polymer i n vacuo to y i e l d trapped 

r a d i c a l s followed by heating i n the presence of another monomer 

and i n the absence of a i r . 

The i n i t i a l c o n c e n t r a t i o n s and formation of the f r e e 

r a d i c a l s produced w i t h i n any i r r a d i a t e d system a r e dependant 

upon the type of r a d i a t i o n , the t o t a l energy absorbed, the r a t e 
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of absorbtion and the r a d i a t i o n s e n s i t i v i t y of the m a t e r i a l s . 

Subsequent r e a c t i o n s of these a c t i v e s p e c i e s a r e chemical 

phenomena, dependant upon the u s u a l v a r i a t i o n s i n temperature, 

c o n c e n t r a t i o n , e t c . 
35 3 fi 

Occluded growing chains have been reported ' as 

r e s u l t i n g from an i r r a d i a t i o n induced p o l y m e r i s a t i o n of monomer 

emulsions to l e s s than 100% conversion; a d d i t i o n of a second 

monomer can l e a d to block copolymerisation. Comprehensive reviews 

are a v a i l a b l e on the t o p i c of r a d i a t i o n s y n t h e s i s of block 

copolymers. 

( i i i ) Mechanochemical s y n t h e s i s . 

When s t r e s s e s are a p p l i e d to macromolecules, both l o c a l 

segmental motions and molecular flow occur. I f a s t r e s s of 

s u f f i c i e n t magnitude i s l o c a l i s e d i n one segment of a molecule, 

bond s c i s s i o n , u s u a l l y of the carbon-carbon bonds, may take p l a c e 

which can le a d to the formation of f r e e r a d i c a l s . Block copolymers 

can be prepared from these f r e e r a d i c a l s by s u b j e c t i n g polymer 

mixtures, or polymer-monomer mixtures, to bond breaking s t r e s s e s . 

V a rious methods have been used and these i n c l u d e m a s t i c a t i o n of 
37 38 

a polymer-monomer blend, ' m i l l i n g , u l t r a s o n i c i r r a d i a t i o n of 
39 

two polymers i n s o l u t i o n , e x t r u s i o n , high frequency d i s c h a r g e , 
42 43 

f r e e z i n g and thawing, ' and vapour phase s w e l l i n g . 
45 

B e n i s k a and Stander s u b j e c t e d a polymer p l a s t i c i s e d 

w i th a pol y m e r i s a b l e v i n y l monomer to mechanical degredation t o 

giv e a block copolymer. A l t e r n a t i v e l y , : by m e c h a n i c a l l y 

degrading a polymer i n the presence of oxygen, they introduced 

p e r o x i d i c groups t h a t were used to i n i t i a t e block c o p o l y m e r i s a t i o n 

a t a l a t e r s t a ge. 
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Even shaking and s t i r r i n g of some polymer-monomer systems 

have been claimed to g i v e r i s e to the formation of block co-
46,47 

polymers. 

U l t r a s o n i c i r r a d i a t i o n has been found to be a poten­

t i a l t o o l i n the block copolymer formation. R e c e n t l y , Japan­

ese workers d e s c r i b e d a mechanochemical s y n t h e s i s of copol­

ymers of p o l y s t y r e n e and methyl methacrylate by such a method. 

They found t h a t the e f f e c t of the polymer c o n c e n t r a t i o n on the 

mechanical degredation of the polymers was v e r y s m a l l and t h a t 
-7 -1 

the degredation r a t e constant was 1.1x10 s e c , The methyl 

methacrylate c h a i n s i n the block copolymer were more s c i s s i l e 

than were the p o l y s t y r e n e c h a i n s . 
48 

R u s s i a n workers discovered some i n t e r e s t i n g chemical 

conversions during u l t r a s o n i c welding of t h e r m o p l a s t i c s . Poten-

t i o m e t r i c t i t r a t i o n and i n f r a r e d spectroscopy showed t h a t g r a f t 

and block copolymers are formed i n the seam during u l t r a s o n i c 

welding. 
49 

One R u s s i a n author considered the e n e r g e t i c s of the 

d e s t r u c t i o n of mechanically s t r e s s e d chemical bonds i n a l r e a d y 

mechanically s t r e s s e d s e c t i o n s of macromolecules, He found 

t h a t the a c t i v a t i o n energy of t h i s decomposition and the a c t i v ­

a t i o n energy of t h e i r r e s t o r a t i o n are n o n l i n e a r f u n c t i o n s of 

the t r u e s t r e s s , the c h a r a c t e r of the n o n l i n e a r i t y and the 

absolute v a l u e s of the energy b a r r i e r s depend upon the l e n g t h 

of the s t r e s s e d fragment of a macromolecule. 
50 

A r e c e n t review on the mechanical s y n t h e s i s of block 

and g r a f t copolymers has been w r i t t e n . 

( i v ) Chain t r a n s f e r r e a c t i o n s on polymer backbones. 

T r a n s f e r constants for polymers can be obtained from 

data on low molecular weight compounds of s i m i l a r s t r u c t u r e , 
51 52 

assuming i d e n t i c a l r e a c t i v i t y towards the a t t a c k i n g r a d i c a l . ' 
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The v a l i d i t y of t h i s assumption has been confirmed by t r a n s f e r 
53 54 

constant determinations i n the presence of oligomers. * 
i n t h i s method, the problem i s the i n c o r p o r a t i o n of 

an appropriate chemical f u n c t i o n terminating the c h a i n on a 

macromolecular backbone, t h i s can be achieved by two main 

methods. The f i r s t i s to polymerise or copolymerise s u i t a b l e 

monomers a l r e a d y c o n t a i n i n g the d e s i r e d f u n c t i o n s i n t h e i r 

molecules.The second method i n v o l v e s performing one or more 

m o d i f i c a t i o n r e a c t i o n s on a s u i t a b l e macromolecule, thus 

i n t r o d u c i n g the d e s i r e d f u n c t i o n s on a p r e s y n t h e s i s e d polymer. 

The f i r s t method has l i m i t a t i o n s i n as much as the f u n c t i o n 

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

even i f the monomers can be s y n t h e s i s e d s a t i s f a c t o r i l y i n 

the f i r s t place.When the second method, the i n t r o d u c t i o n of 

r e a c t i v e f u n c t i o n s i n t o conventional polymers, i s attempted, 

d i f f i c u l t i e s such as p a r t i a l degredation and c r o s s l i n k e d 
55 . products have been reported, as w e l l as poor s e l e c t i v i t y 

through s i d e r e a c t i o n s and s i t e of c o n t r o l , a l s o c h a i n 

s c i s s i o n may occur. 

The process of f u n c t i o n a l i s a t i o n can a l s o be achieved 

by chemical t r a n s f o r m a t i o n of the p o l y m e r i s a t i o n products of 

s u i t a b l e monomeric p r e c u r s o r s . T h i s method has been w i d e l y 

used to s y n t h e s i s e m u l t i f u n c t i o n a l polymers designed for 

s p e c i a l a p p l i c a t i o n s . I t s main advantages are t h a t both the 

number of r e a c t i v e f u n c t i o n s introduced i n t o the polymer and 

the absence of unwanted groups d e r i v i n g from s i d e r e a c t i o n s 

can be e a s i l y achieved, providing the p r e c u r s o r u n i t s have 

been p r o p e r l y chosen, so t h a t they a r e able to r e a c t i n the 

d e s i r e d way. 

The method of c h a i n t r a n s f e r r e a c t i o n s on polymer 

backbones i s so w e l l c i t e d i n the l i t e r a t u r e t h a t i t i s 

impossible to d e s c r i b e i n d e t a i l a l l the v a r i o u s methods of 
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i n t r o d u c i n g r e a c t i v e s i t e s i n t o a polymer, some of the techniques 

w i l l now be d e s c r i b e d under the appropriate headings:-

a ) . Block c o p o l y m e r l s a t l o n i n i t i a t e d by t e r m i n a l peroxy groups. 
5 6—5* 8 

A method, developed a t the U n i v e r s i t y of Louvain, 
59 

makes use of polymeric p h t h a l o y l peroxide as i n i t i a t o r , 

C — 0 0 C — z C—0-
II o ITS! 

n 

a prepolymer i s formed a t as-low a temperature as p o s s i b l e 

which c o n t a i n s segments of the polymeric i n i t i a t o r . By d i s s o l v i n g 

the i s o l a t e d polymer i n the second monomer and pol y m e r i s i n g a t 

a higher temperature, block copolymers a r e s y n t h e s i s e d . Some**0 

patents recommend f o r t h i s purpose use of p o l y f u n c t i o n a l 

hydroperoxides c o n t a i n i n g two or more hydroperoxide groups 

w i t h d i f f e r e n t a c t i v i t i e s so as to reduce homopolymer formation 

to a minimum. 

Smets e t a l * ^ introduced peroxide end groups i n t o 

polymers by p o l y m e r i s i n g the monomer wi t h t e r t i a r y b u t y l 

hydroperoxide i n the presence of a sm a l l amount of copper(11) 

octanoate. The r e a c t i o n scheme i n v o l v e s two s t e p s : -

ROOH + C u ( l l ) >*02' + H + + C u ( l ) 
ROOH + C u ( l ) >R0' + OH" + C u ( l l ) 

2R00H C u ( l l ) > R 0 ^ . + R Q . + H ^ Q 

I f both R0 2* and RO" i n i t i a t e e q u a l l y the p o l y m e r i s a t i o n 

of a monomer, on average, h a l f the number of the end groups are 

present as t e r m i n a l peroxybutyl groups and a r e able to i n i t i a t e 
6 2 6 4 

a second s t e p p o l y m e r i s a t i o n . Others d e s c r i b e the use of 

p- and m-diisopropyl benzene dihydroperoxides i n the presence 

of i r o n ( 1 1 ) i o n s . Molyneux 6 5 has s t u d i e d the r e a c t i o n l e a d i n g to 

block c o p o l y m e r i s a t i o n of st y r e n e with methyl methacrylate 
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u s i n g a dihydroperoxide of m-diisopropylbenzene to g i v e p o l y s t y r e n e 

with t e r m i n a l hydroperoxide groups. Y i e l d s of around 10% were 

reported. T h i s low y i e l d was thought due to a r e l a t i v e l y low 

number of t e r m i n a l hydroperoxide groups on the p o l y s t y r e n e c h a i n s 

and a l s o to c h a i n t r a n s f e r r e a c t i o n s g i v i n g homopolymeric methyl 

methacrylate. The chain t r a n s f e r r e a c t i o n can a l s o be used to o b t a i n 

a homopolymer block with a t e r m i n a l hydroperoxide group. I t has 
6 6 

been reported t h a t polymers or random copolymers of alkenes 

c o n t a i n i n g t e r m i n a l hydroperoxide groups are obtained by p o l y m e r i s i n g 

alkenes or t h e i r mixtures a t 0-35° i n an aqueous emulsion c o n t a i n i n g 

monomer, i n the presence of d i i s o p r o p y l p h e n y l dihydroperoxide as 

i n i t i a t o r and c h a i n t e r m i n a t i n g reagent* The polymeric d e r i v a t i v e s 

formed i n t h i s way are i s o l a t e d and used as i n i t i a t o r s f o r block 

copolymerisation with v i n y l monomers. 

Low molecular weight p o l y f u n c t i o n a l peroxy compounds 

may be used to i n i t i a t e the p o l y m e r i s a t i o n of v i n y l monomers, 

which leads to polymers c o n t a i n i n g t e r m i n a l peroxy groups, v i z : 

— C gH^ C — 0 0 C — C g H | COOH I I 
Such polymers may be used as macromolecular i n i t i a t o r s 

67 
i n block copolymerisation r e a c t i o n s w i t h a second monomer. 

68 
I n 1960, Ceresa found t h a t during the bulk 

p o l y m e r i s a t i o n of methyl methacrylate i n the presence of d i s s o l v e d 

oxygen, peroxy l i n k a g e s were introduced i n t o the polymer backbone 

i n s u f f i c i e n t numbers to a l l o w the s y n t h e s i s of block copolymers 

from poly(methyl methacrylate) by t h i s p r o cess. 

Recent papers use more complicated c h a i n t r a n s f e r agents, 

such as poly(dioxy(2-bromo-l,9-dioxo-l,9-nonanediyl)dioxy(1,9-dioxo-

1,9-nonanediyl) i n the p r e p a r a t i o n of poly(methyl m e t h a c r y l a t e ) ^ 
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Bis(p-bromomethyl benzoyl) peroxide was used by R e i s s 7 0 to 

terminate a l i v i n g s t y r e n e polymer, g i v i n g a peroxy c o n t a i n i n g 

reagent, used to r e a c t w i t h v i n y l c h l o r i d e to g i v e a block copolymer. 

b ) . Block copolymerisatlon i n i t i a t e d by t e r m i n a l 

amino groups. 
71-3 

By u s i n g t r i e t h y l a m i n e as a t r a n s f e r agent, Bamford 

prepared poly(methyl methacrylate) with t e r m i n a l amine groups. The 

p o l y m e r i s a t i o n of a c r y l o n i t r i l e i n the presence of t h i s polymer 

gave a good y i e l d of block copolymer. He r e p o r t e d l i t t l e t r a n s f e r 

along the poly(methyl methacrylate) backbone and only a s m a l l 

amount of p o l y a c r y l o n i t r i l e homopolymer was formed. 

A polymer c o n t a i n i n g a t e r m i n a l aromatic amine group i s 

obtained by a p o l y m e r i s a t i o n r e a c t i o n i n i t i a t e d by a diazonium 

s a l t and an aromatic a c i d c o n t a i n i n g a f r e e amino group or a group 

from which a f r e e aromatic amino group can be prepared by subsequent 

r e a c t i o n s . T h i s method was used to o b t a i n an a c r y l o n i t r i l e polymer 

w i t h a t e r m i n a l amino group, and a f t e r d i a z o t i s a t i o n , t h i s was used 

as a macromolecular i n i t i a t o r f o r block c o p o l y m e r i s a t i o n w i t h 

2 - m e t h y l - 5 - v i n y l p y r i d i n e ? 4 ' 7 5 

Smets e t a l 7 ^ s y n t h e s i s e d poly(methyl methacrylate) w i t h 

an amino end group by polymerising the monomer i n ammonia, then by 

subsequent r e a c t i o n w i t h e o s i n l a c t o n e , the end group was t r a n s ­

formed i n t o an e o s i n amide group. The f i n a l polymer contained 

about 1 e o s i n group per 48 methyl methacrylate u n i t s and had the 

formula 
Br Br 
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T h i s f u n c t i o n a l i s e d polymer was used for. p h o t o i n i t i a t i n g 
the p o l y m e r i s a t i o n of s t y r e n e and acrylamide, the blocks 
of the two orthodox polymers being separated by a leuco 
e o s i n group. No homopolymerised second monomer was reported 
a s being p r e s e n t i n the r e a c t i o n products. 

c ) .Block copolymerisation i n i t i a t e d by t e r m i n a l 

halogen c o n t a i n i n g groups. 

Homopolymeric blocks with t e r m i n a l halogen atoms 

absorb l i g h t of a s u i t a b l e wavelength(288-350nms.) w h i l s t 

being r a i s e d to an e x c i t e d s t a t e . D i s s o c i a t i o n can occur 

to y i e l d r e a c t i v e polymeric f r e e r a d i c a l s which a r e used 

a s macromolecular i n i t i a t o r s i n block c o p o l y m e r i s a t i o n . 
77-79 

E a r l i e r workers prepared the macromolecular 

bromides by thermal or p h o t o l y t i c p o l y m e r i s a t i o n of monomers 

i n the presence of CBr^ or CBrCl^ which terminate the c h a i n 

by c h a i n t r a n s f e r . Subsequent i r r a d i a t i o n w ith u l t r a v i o l e t 

l i g h t c l e a v e s the C-Br bonds which, i n the presence of a 

second s u i t a b l e monomer, can i n i t i a t e secondary p o l y m e r i s a t i o n 

w i t h the formation of the block copolymer. 

d) .Others. 

Although the main end groups used i n t h i s approach 

a r e peroxy, amino and halo, other l e s s w e l l t r i e d and t e s t e d 

f u n c t i o n a l i s i n g reagents a r e a v a i l a b l e . Sulphur c o n t a i n i n g end 

groups can be used i n the p h o t o i n i t i a t i o n p o l y m e r i s a t i o n of 

a second monomer. Terminal SH groups, formed by chain t r a n ­

s f e r r e a c t i o n s a r e p a r t i c u l a r l y e f f e c t i v e , but other t h e r m a l l y 

a c t i v a t e d groups d e r i v e d from the use of simple organic d i s u l -

phides and d i s u l p h i d e s such as b i s ( d i e t h y l t h i o c a r b a m o y l ) 

d i s u l p h i d e i n the i n i t i a t i o n of the p o l y m e r i s a t i o n of the 
80 

primary monomer have a l s o been reported. 
81 

Shimomura and Kudo suggested t h a t treatment of l i v i n g 

polymers of st y r e n e or dimethyl s t y r e n e with^o< a z o b i s -
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( i s o b u t y r o n i t r i l e ) or oxygen would g i v e polymers w i t h r e a c t i v e 

end azo or hydroxy groups r e s p e c t i v e l y , which could subseque­

n t l y a c t as a macromolecular r a d i c a l i n i t i a t o r . 
82-84 

Phosphines have been used by s e v e r a l workers ~ a s 

ch a i n t r a n s f e r agents. Both d i - and t r i b u t y l phosphines have 

been used to prepare p o l y ( s t y r e n e - b - a c r y l o n i t r i l e ) . 

(v) R a d i c a l a t t a c k on unsaturated polymers. 

Free r a d i c a l t r a n s f e r r e a c t i o n s w i t h unsaturated 

polymers w i l l most l i k e l y occur through the a b s t r a c t i o n of 

a H y l i c hydrogen atoms. The formation of such resonance 

s t a b i l i s e d m a c r o r a d i c a l s was stu d i e d by S c h u l t z and co-workers. 

They used poly(methyl methacrylate) c o n t a i n i n g t e r m i n a l double 

bonds which r e s u l t e d from t e r m i n a t i o n by d i s p r o p o r t i o n . The 

c h a i n t r a n s f e r constant f o r AIBN i n i t i a t e d p o l y s t y r e n e r a d i c a l s 

w i t h the a H y l i c hydrogens a t the ch a i n ends i s 11x10 and 
-A 

with hydrogen atoms along the backbone i s 0.3x10 * 

Thus, i f p o l y s t y r e n e i s polymerised i n the presence 

of such a polymer, the p r e f e r r e d r e a c t i v i t y a t the ch a i n ends 

leads to block copolymer formation, according to the equation:-

85-87 

+ 
CH. 

-CH 2—C 

C00CH-

-CH* 
/ C H 3 

C00CH. 

m 

CH, -CH CH 

o 
CH. 

:H 2—c 
COOCH-

A -R-\ 
m COOCH. 

-\- s t y r e n e ^ 
CH, 

:H. 
COOCH. 

-CH= :H. 

m COOCH. 
-CH, -CH-

C 6 H 5 
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v i ) E l e c t r o l y t i c s y n t h e s i s . 
8 8 

A Japanese patent reported the s y n t h e s i s of v a r i o u s 

copolymers by e l e c t r o l y t i c a l l y decarboxylating s o l u t i o n s of 

p o l y ( v i n y l a l c o h o l ) , p o l y s t y r e n e e t c . , c o n t a i n i n g c a r b o x y l 

end groups i n p o l a r l i q u i d s such as DMSO and DMF i n the 

presence of a r a d i c a l l y p o l ymerisable monomer, such as methyl 

methacrylate or s t y r e n e . 

.3b. Block copolymer s y n t h e s i s v i a coupling r e a c t i o n s . 

Condensation r e a c t i o n s can be used to couple together 

polymer m o l e c u l e s c o n t a i n i n g h y d r o x y ; c a r b o x y l f amine» t h i o l 

and c e r t a i n e s t e r groups to g i v e block copolymers w i t h an 

e s s e n t i a l l y l i n e a r s t r u c t u r e . T h i s method has been d e s c r i b e d 
89 90 91 92 by Coffey and Meyrick and by Bayer, Iwakura, Cusano 

and t h e i r r e s p e c t i v e co-workers f o r the coupling of p o l y e s t e r s 

and polyurethans. The same b a s i c process i s used for the 

i n d u s t r i a l s y n t h e s i s of c e r t a i n polyester-amide rubbers, 

such as the V u l c o l l a n s (Bayer AG.) and the Vulcaprenes ( I C I Ltd 

A d i f v r n c t i o n a l i n i t i a t o r capable of both f r e e r a d i c a l 

i n i t i a t i o n and of coupling r e a c t i o n s , such as 4,4 - a z o b i s -

( 4 - c y a n o v a l e r i c a c i d ) may be used to introduce t e r m i n a l 

c a r b o x y l groups i n t o two c h e m i c a l l y d i f f e r e n t v i n y l polymers. 

These i n i t i a l polymers may be e i t h e r mono- or d i f u n c t i o n a l 

depending upon whether t e r m i n a t i o n i s v i a r a d i c a l combination 

Qr d i s p r o p o r t i o n a t i o n , and can be coupled with s u i t a b l e 

reagents such as d i i s o c y a n a t e s . I n t h i s way, Bamford and 

Je n k i n s prepared poly(styrene-b-methyl m e t h a c r y l a t e ) , with 

a "sandwich" s t r u c t u r e of segments of 100 s t y r e n e u n i t s 

between two segments of 120 methyl methacrylate u n i t s i n the 
average molecule. I n t h i s way, d i s s i m i l a r polymers can be 
coupled w i t h d i i s o c y a n a t e s to give l i n e a r block copolymers. 
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P o l y e s t e r s with t e r m i n a l hydroxy1 groups a r e r e a d i l y 

prepared by c a r r y i n g out the condensations with r e a c t a n t 

c o n c e n t r a t i o n s s u f f i c i e n t to gi v e an o v e r a l l s l i g h t e x c e s s 

of -OH groups. For example, poly(decamethylene t e r e p h t h a l a t e ) 

with hydroxy end groups has been r e a c t e d with 

poly(decamethylene i s o p h t h a l a t e ) w i t h a c i d c h l o r i d e end 

groups to give a block copolymer w i t h the s t r u c t u r e shown 
93 

o v e r l e a f . 
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0 0 0 0 0 0 
O(CK^), „0C 0(CH C--0(CH^) 1 „0H OC \ // 2'10 2'10 2'10 

n 
m 

Al k y l e n e oxides can be block copolymerised v i a a 

coupling r e a c t i o n to y i e l d i n d u s t r i a l l y important products. 

For example, the p o l y m e r i s a t i o n of ethylene oxide i s 

i n i t i a t e d by hydroxy1 co n t a i n i n g compounds; thus, s i n c e 

poly(propylene oxide) has a t e r m i n a l hydroxy1 group, i t 

can be used to i n i t i a t e the block c o p o l y m e r i s a t i o n of 

of ethylene oxide to g i v e the ABA block copolymer shown:-

HO (CH 2CH 20 (CH . CH 20)^ ( CH 2 .CH 20) H 

CH 3 

A v a r i a t i o n i n the lengths of the bl o c k s can be 

achieved by c o n t r o l l i n g the r e a c t i o n c o n d i t i o n s a t each 
94 • . stage of the p o l y m e r i s a t i o n . T h i s was the b a s i s of the 

f i r s t commercially s u c c e s s f u l range of block copolymers, 

the n e u r o n i c s and T e t r o n i c s (Wyandotte Chemicals Corp.). 

1.3c. Block copolymer s y n t h e s i s v i a i o n i c p o l y m e r i s a t i o n s . 

I n r e c e n t y e a r s , e s p e c i a l l y s i n c e the pioneering 

work of Szwarc i n the mid f i f t i e s , i o n i c a l l y i n i t i a t e d 

block c o p o l y m e r i s a t i o n s have become more i m p o r t a n t ? 5 - 8 I n 

ge n e r a l , the te r m i n a t i o n step i n i o n i c p o l y m e r i s a t i o n s i s 

e a s i e r to c o n t r o l than i n f r e e r a d i c a l p r o c e s s e s , so t h a t the 
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p o s s i b i l i t i e s of commercial production of block copolymers by 

i o n i c mechanisms are very r e a l and the patent l i t e r a t u r e s i n c e 

the n i n e t e e n - s i x t i e s has been r i c h i n examples of block 
99 

copolymers formed i o n i c a l l y . F o r example, Scoggin d e s c r i b e d a 

technique f o r preparing block copolymers by feeding batch 

prepolymers i n t o a continuous r e a c t o r . Propylene was batch 

polymerised i n the presence of a c a t a l y s t c o n t a i n i n g 

diethylaluminium c h l o r i d e and t i t a n i u m ( l V ) c h l o r i d e , and the 

prepolymer was c o n t i n u a l l y f l u s h e d i n t o a second r e a c t o r by 

using an i n e r t d i l u e n t , such as heptane or isooctane, and 

c o n t i n u o u s l y polymerising w i t h e t h y l e n e . T h i s c a t i o n i c p r o c e s s 

was reported to give a uniform block copolymer. The f i e l d of 

c o m m e r c i a l i s a t i o n of ethylene-propylene block copolymers has 

been e x p l o i t e d by the Texas Eastman Company w i t h the i n t r o d u c t i o n 

of " p o l y a l l o m e r s " , * ^ ' * 0 1 which a r e c r y s t a l l i n e block 

copolymers, q u i t e d i f f e r e n t from the ethylene-propylene 

rubber copolymers. More r e c e n t work on i n d u s t r i a l a p p l i c a t i o n s 

of i o n i c a 1 l y i n i t i a t e d block c o p o l y m e r i s a t i o n s i n c l u d e s 
102 

Niemann's patent claiming t h a t an improvement could be 

obtained i n such r e a c t i o n s i n v o l v i n g p o l a r monomers by 

m o d i f i c a t i o n of the normally used a l k y l l i t h i u m i n i t i a t o r s 

w i t h c e r t a i n sulphur c o n t a i n i n g compounds. 

I n the a n i o n i c p o l y m e r i s a t i o n of s t y r e n e , when a l l 

the monomer i s consumed, the carbanion c h a i n ends remain 

" l i v i n g " s i n c e no termination occurs.These l i v i n g polymers 

continue to grow i f f r e s h monomer i s added to the system, or 

undergo block copolymerisation i f the second monomer i s 
103 

d i f f e r e n t from the f i r s t . Graham prepared 

poly(methyl methacrylate-b-styrene) i n t h i s way. Copolymers 

c o n t a i n i n g two or three blocks have a l s o been prepared by 

t h i s method^^ ^ The order of monomer a d d i t i o n i s an important 

f a c t o r i n determining the formation of block copolymers by. t h i s technique. For example, Graham e t a l 1 0 7 found t h a t 
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methyl methacrylate can be polymerised by l i v i n g p o l y s t y r e n e 
but not the other way around. They suggested t h a t the 
poly(methyl methacrylate) anion was not b a s i c enough to 
i n i t i a t e the p o l y m e r i s a t i o n of s t y r e n e . L i k e w i s e , l i v i n g 
p o l y s t y r e n e w i l l add to ethylene oxide to y i e l d a l i n e a r 

108 
block copolymer, but the a l k o x i d e w i l l not add to s t y r e n e . 

Such r e a c t i v i t i e s have been r e l a t e d to Q-e v a l u e s ^ ^ ^ ' ^ ^ ^ and 

i t has been suggested t h a t the a c t i v i t y of a l i v i n g polymer i s 

q u a n t i t a t i v l y r e l a t e d to the e val u e of the monomer from 

which i t i s formed. The anion of a monomer w i t h a low e val u e 

w i l l i n i t i a t e the po l y m e r i s a t i o n of a monomer wi t h a higher 

e v a l u e , but not v i c e - v e r s a . 

R e a c t i o n s of l i v i n g polymers with m u l t i f u n c t i o n a l 
111-3 

e l e c t r o p h i l e s have been s t u d i e d by French workers. They 

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

d i e s t e r s or d i h a l o a l k a n e s . A polycondensation r e a c t i o n 

occurred, r e s u l t i n g i n a l a r g e molecular weight i n c r e a s e . 
Na.CH.CH CH„.CH.Na 6 6 <7 

C10C R C0C1 

CO CH„.CH CO CH.C 6 H.CH R CH.CH R CO 6 6 
+2NaCl 
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An i n t e r e s t i n g case of block copolymer formation was 
114 

observed by O ' D r i s c o l l and Tobolsky i n the l i t h i u m i n i t i a t e d 

c o p o l y m e r i s a t i o n of styr e n e and methyl met h a c r y l a t e . The authors 

suggested t h a t i n i t i a t i o n occurred by an e l e c t r o n t r a n s f e r from 

l i t h i u m to one of the monomers, followed by growth a t both ends 

of the ion r a d i c a l . The methyl methacrylate would add to the 

a n i o n i c end and an a l t e r n a t i n g copolymer would be formed a t 

the r a d i c a l end. The r e l a t i v e lengths of the block s being 

determined by the r e l a t i v e r a t e s of r a d i c a l and a n i o n i c growth. 

=CH L i *CH2 -CH. L i 

CH 0 

. I 3 

CH * CHn • C CH 2 j 2 
COOCH3 

r - V 

s t y r e n e and 

•CH2.CH 

COOCH 

m 
115 Work by F e t t e r s concerns i t s e l f w i t h the homogeneous 

a n i o n i c p o l y m e r i s a t i o n to produce block copolymers. L i s t e d i n 

the a r t i c l e a r e s p e c i e s t h a t can generate s t a b l e c h a i n ends and 

t h a t can t h e r e f o r e be considered as being p o t e n t i a l l y u s e f u l i n 

block copolymer formation. The paper a l s o c o n t a i n s a comprehensive 

c o m p i l a t i o n of reviews on t h i s s u b j e c t . Other reviews on the 
116 

t o p i c of a n i o n i c p o l y m e r i s a t i o n s i n c l u d e those by Janes and 
117 Morton. 

Of p a r t i c u l a r i n t e r e s t i n the context of the work 

reported i n t h i s t h e s i s a r e the examples quoted i n the 

l i t e r a t u r e of the pre p a r a t i o n of methyl methacrylate polymers 
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blocked w i t h a v a r i e t y of a l k y l a c r y l a t e s and m e t h a c r y l a t e s . 
1 1 a , 

One paper d e s c r i b e s the s y n t h e s i s and c h a r a c t e r i s a t i o n of 

block copolymers of methyl, h e x y l , l a u r y l and o c t a d e c y l 
methacrylates, prepared i n THF with diphenylmethylsodium or 

119 
diphenylmethylpotassium as i n i t i a t o r . I t o , u s i n g a v a r i e t y 

of a n i o n i c c a t a l y s t s i n toluene or THF s o l v e n t a t 0°, rep o r t e d 

the formation of poly(methyl methacrylate-b-benzyl m e t h a c r y l a t e ) , 

w h i l s t the poly(methyl m e t h a c r y l a t e - b - c y c l o h e x y l ) system was 
120 . . . . studied by Bevington using naphthalenesodium i n dioxane. 

I f a given monomer can polymerise i n two d i f f e r e n t 

modes, i t i s sometimes p o s s i b l e to prepare s t e r e o b l o c k copolymers, 

designated A—A'. For example, i n diene p o l y m e r i s a t i o n , the 

m i c r o s t r u c t u r e of the polymer i s dependant upon the s o l v e n t 

environment. When dienes a r e polymerised i n hydrocarbon 

s o l v e n t w i t h organolithium i n i t i a t o r s , t h e m i c r o s t r u c t u r e of 

the polymer i s predominantly the r e s u l t of 1,4 a d d i t i o n . 

I n t r o d u c t i o n of low l e v e l s of e t h e r s , for example, r e s u l t s i n 

a s u b s t a n t i a l i n c r e a s e i n the proportion of 1,2 a d d i t i o n . 
4 

Thus, i t i s p o s s i b l e to introduce e t h e r s a t an intermediate 

stage i n the p o l y m e r i s a t i o n to form an A — A ' b l o c k copolymer 
110 

where the m i c r o s t r u c t u r e of A i s l a r g l y 1,4 and A' l a r g l y 1,2. 

S i m i l a r l y , p o l y s t y r e n e having blocks of i s o t a c t i c and a t a c t i c 

segments can be formed u s i n g b u t y l l i t h i u m as the i n i t i a t o r . The 

po l y m e r i s a t i o n i s conducted i n hydrocarbon medium and the 

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

temperature between -30 and - 5 ° . ^ * 
1 . 4 . P u r i f i c a t i o n and i s o l a t i o n of block copolymers. 

The methods of s y n t h e s i s d e s c r i b e d p r e v i o u s l y normally 

i n v o l v e r e a c t i o n s of monomer with polymer. The r e a c t i o n products 

from such a system o f t e n c o n t a i n s a mixture of polymeric s p e c i e s . 

Thus,the copolymer i s contaminated by the homopolymer of the 
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monomer used i n the s y n t h e s i s as w e l l as the unreacted polymer. 

I s o l a t i o n of the copolymer f r a c t i o n i s e s s e n t i a l before any 

c h a r a c t e r i s a t i o n can be c a r r i e d out. Normally, s e p a r a t i o n s a r e 

c a r r i e d out by a method based upon the d i f f e r i n g s o l u b i l i t i e s 

of the c h e m i c a l l y d i f f e r e n t polymeric s p e c i e s and s e v e r a l 
122 

methods have been developed to accomplish the f r a c t i o n a t i o n . 
The a b i l i t y of a l i q u i d to a c t as a s o l v e n t f o r a block 
copolymer depends not only upon the molecular weight of the 

copolymer but a l s o on the chemical nature of the segment s p e c i e s 

and the length, the number and the d i s t r i b u t i o n of the 

homopolymeric or random copolymeric s p e c i e s , t h e r e f o r e , although 

g e n e r a l i s a t i o n s cannot be made, t h e r e are s e v e r a l d e f i n i t e 

procedures which may be adopted s i n g l y or, i f n e c e s s a r y , 

s e q u e n t i a l l y , to f r e e a p a r t i c u l a r block copolymer from 

unwanted polymeric contaminants. 

. 4 . a . F r a c t i o n a l p r e c i p i t a t i o n . 

T h i s method i n v o l v e s the stepwise a d d i t i o n of non-solvent 
123-5 

to a s o l u t i o n of the polymer mixture. The p r e c i p i t a t e d 

polymer f r a c t i o n s a r e then i s o l a t e d and c h a r a c t e r i s e d . I n 

applying t h i s technique, i t i s u s e f u l to know the d i f f e r e n c e 

i n the p r e c i p i t a t i o n ranges of the polymers, t h a t i s , the r a t i o 

volume of p r e c i p i t a n t s volume of s o l v e n t w i t h i n which a 

p a r t i c u l a r polymer p r e c i p i t a t e s . As a general guide, the 

p r o p e r t i e s of random copolymers from two monomers u s u a l l y pass 

through a maximum or minimum as composition i s changed, whereas 

for block copolymers, the v a l u e of a given property ( i n t h i s 

c ase, s o l u b i l i t y ) should be very c l o s e to the val u e computed 

for the h y p o t h e t i c a l mix of two homopolymers, each having a 

molecular weight equal to the block copolymer as a whole. 

I n a s o l u t i o n of homopolymers mixed w i t h a block 

copolymer, the p r o g r e s s i v e a d d i t i o n of a p r e c i p i t a n t f i r s t 

c o l l a p s e s the molecular c h a i n s of the l e a s t s o l u b l e polymer 

s p e c i e s , causing i t to p r e c i p i t a t e ( e i t h e r as a g e l , or i n a 
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g r a n u l a r form, or i n a form intermediate between the two). Thus 
the nature of the p r e c i p i t a t e d block f r a c t i o n , a s i d e from 
p r e c i p i t a t i o n range, w i l l help to decide the s o l v e n t - p r e c i p i t a n t 
system to be used. 

As the p r e c i p i t a t i o n proceeds, the s o l u t i o n develops 

a c h a r a c t e r i s t i c t u r b i d i t y , due to the s c a t t e r i n g of l i g h t 

by the p a r t i c l e s . The l e a s t s o l u b l e segments of the copolymer 

a r e p r e c i p i t a t e d and coagulated on a m i c r o s c a l e but a r e 

r e t a i n e d i n apparent s o l u t i o n by the s o l v a t e d segments of the 

more s o l u b l e s p e c i e s . Such t u r b i d i t y may not be apparent i f 

the r e f r a c t i v e index of the swollen aggregates does not d i f f e r 

g r e a t l y from t h a t of the s o l u t i o n ; thus, the absence of a 

s t a b l e t u r b i d i t y does not preclude the presence of a block 

copolymer i n the system. On the other hand, i t s presence i s 

almost a c e r t a i n i n d i c a t i o n of the presence of a block copolymer 
126-130 

f r a c t i o n . 

4 . b . S e l e c t i v e p r e c i p i t a t i o n . 
' 131 T h i s i s a u s e f u l v a r i a t i o n of f r a c t i o n a l p r e c i p i t a t i o n . ' 

I n t h i s method, only one of the polymers i s p r e c i p i t a t e d 

w i t h a g iven non-solvent, y i e l d i n g a v e r y c l e a n s e p a r a t i o n . 

I t i s not c a r r i e d beyond the p r e c i p i t a t i o n of the f i r s t 

component to be deposited from s o l u t i o n . Some l i m i t a t i o n s of 
133 

the method are d e s c r i b e d m the l i t e r a t u r e . 

4.c.Separation by e l u t i o n . 

Here, the polymeric m a t e r i a l i s s u b j e c t e d to e x t r a c t i o n 

a t low or a t e l e v a t e d temperatures w i t h s u c c e s s i v e mixtures 

of non-solvent and s o l v e n t c o n t a i n i n g i n c r e a s i n g f r a c t i o n s of 

the s o l v e n t component for the polymer. T h i s i s the r e v e r s e of 

f r a c t i o n a l p r e c i p i t a t i o n , r e q u i r i n g s m a l l e r q u a n t i t i e s of 

s o l v e n t s and non-solvents and i t i s more e a s i l y a p p l i e d to 

l a r g e s c a l e s e p a r a t i o n s . The d i f f e r e n t i a l s o l u b i l i t y of 
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molecular -weight f r a c t i o n s of the components may a l s o be 
achieved w i t h a constant r a t i o of s o l v e n t : non-solvent by 
c a r r y i n g out the e x t r a c t i o n s a t i n c r e a s i n g l y higher temperatures. 
I f t h i s method i s used, the e l u t i n g l i q u i d may c o n s i s t of 
one component only which i s a good s o l v e n t f o r the s p e c i e s 
a t an e l e v a t e d temperature but becomes a poor s o l v e n t a t 
lower temperatures. 

When s o l v e n t p a i r s a r e a v a i l a b l e , so t h a t each s o l v e n t 

d i s s o l v e s only one of the polymer s p e c i e s ( i . e . a non-solvent 

f o r the other ) , s e l e c t i v e e l u t i o n w i l l often g i v e a good 

s e p a r a t i o n of the f r a c t i o n s . I f the block copolymer i s 

p a r t i c u l a l y r i c h i n one of the homopolymers, then i t may 

d i s s o l v e p a r t i a l l y or wholly i n the s o l v e n t f o r t h a t polymer, 

and the copolymer can then be separated from the s o l u t i o n by a 

p r e c i p i t a t i o n p r o c e s s . 

C o - e l u t i o n of the block copolymer i n v a r i a b l y r e s u l t s 

i n a n o n - p r e c i p i t a b l e t u r b i d i t y which may disappear when the 

s o l u t i o n i s heated, but reappears on c o o l i n g . T h i s e l u t i o n of 

the block copolymer may not be apparent i f s e l e c t i v e e l u t i o n i s 

c a r r i e d out i n a s o x h l e t e x t r a c t i o n apparatus, u n l e s s the 

e x t r a c t i n g s o l v e n t i s cooled to room temperature. 

4.d.Turbimetric t i t r a t i o n . 

T h i s i s a type of f r a c t i o n a l p r e c i p i t a t i o n . I t i s a 

r a p i d a n a l y t i c a l method for showing the presence of block 

copolymers i n a polymer mixture^"^'"''"^ TJsing t h i s technique, 

the amount of t u r b i d i t y i s measured, r e s u l t i n g from the a d d i t i o n 

of a p r e c i p i t a n t to a d i l u t e polymer s o l u t i o n . The t u r b i d i t y i s 

expressed as the r a t i o of the amount of absorbtion a t complete 

p r e c i p i t a t i o n . The t i t r a t i o n curve i s obtained by p l o t t i n g the 

t u r b i d i t y a g a i n s t the amount of p r e c i p i t a n t added. The curve 

obtained from polymer mixtures shows d i s t i n c t i n f l e c t i o n s , 

w h i l e a smooth curve i s obtained from a s i n g l e homogeneous 
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polymer f r a c t i o n , The technique has been the s u b j e c t of a r e -
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view. 

I n p r a c t i c e , the s e p a r a t i o n and p u r i f i c a t i o n of block 

copolymers from the product mixtures obtained during t h e i r 

syntheses i s an e s s e n t i a l l y e m p i r i c a l p r o c e s s , although where 

new systems a r e r e l a t i v e l y c l o s e l y r e l a t e d to those which have 

p r e v i o u s l y been separated, a s e p a r a t i o n may be f a i r l y e a s i l y 

d e v i s e d . The s o l u t i o n p r o p e r t i e s of copolymers have been reviewed 

by Molau. 

5. C h a r a c t e r i s a t i o n of block copolymers. 

a) S o l u t i o n p r o p e r t i e s . 

During the s e p a r a t i o n processes j u s t d e s c r i b e d , c o n s i d e r ­

a b l e information w i l l have been obtained as to the probable 

s t r u c t u r e of the copolymeric s p e c i e s p r e s e n t . For example, 

the presence of homopolymeric f r a c t i o n s v i r t u a l l y e l i m i n a t e s 

the p o s s i b i l i t y of the copolymer f r a c t i o n being a simple random 

copolymer and suggests a block or g r a f t s t r u c t u r e . Comparison 

of the p r e c i p i t a t i o n range of the copolymer f r a c t i o n i n a 

given s o l v e n t - p r e c i p i t a n t system with the determined p r e c i p ­

i t a t i o n ranges of the c o n s t i t u e n t polymeric s p e c i e s i n the 

same s o l v e n t - p r e c i p i t a n t system, a n a l y s i s of s u c c e s s i v e f r a c t i o n s 

of the p r e c i p i t a t e d copolymer, c o n f i r m a t i o n of the presence or 

absence of a s t a b l e t u r b i d i t y i n s p e c i f i c s o l v e n t - p r e c i p i t a n t 

systems and determination of the g e n e r a l behaviour with r e s p e c t 

to s w e l l i n g or s o l u t i o n s i n d i f f e r e n t s o l v e n t s may provide 

information re-lating to the s t r u c t u r e of the copolymer. 

Other methods of measurement on polymeric s o l u t i o n s 

can provide u s e f u l c h a r a c t e r i s a t i o n data, the t y p i c a l l y used 

techniques a r e b r i e f l y l i s t e d below. 
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( i ) L i g h t s c a t t e r i n g and r e f r a c t i v e Index measurements. 

The study of o p t i c a l p r o p e r t i e s of s o l u t i o n s of block 

copolymers, such as l i g h t d i f f u s i o n , l i g h t s c a t t e r i n g and flow 

b i r e f r i n g e n c e has, i n some c a s e s , helped i n the e l u c i d a t i o n of 
13d X 4 2 

copolymer s t r u c t u r e . I f v a r i a t i o n s i n the composition 

e x i s t , t h e r e a r e f l u c t u a t i o n s i n the r e f r a c t i v e index. As a 

r e s u l t , the c o n t r i b u t i o n of the i n d i v i d u a l block copolymer 

molecules to the s c a t t e r e d i n t e n s i t y i s dependant upon molecular 

weight and composition. So, the v a r i a t i o n s of the apparent 

molecular weight with the s o l v e n t r e f r a c t i v e index can l e a d to 

information regarding compositional f l u c t u a t i o n s i n , f o r example, 

block l e n g t h s . I n s o l v e n t s w i t h a high r e f r a c t i v e index, the 

measured weight average molecular weight w i l l be very c l o s e to 

the t r u e v a l u e . Hence, l i g h t s c a t t e r i n g can l e a d to molecular 

weight averages, as w e l l as i n d i c a t i n g p o l y d i s p e r s i t y and 
140 14 3 compositional v a r i a t i o n s . Indeed, Urwin has shown, u s i n g 

computer a n a l y s i s of l i g h t s c a t t e r i n g data f o r block copolymer 

s o l u t i o n s i n s e v e r a l d i f f e r e n t s o l v e n t s , t h a t p r e c i s e accounts o f 

molecular weight and s t r u c t u r e can be obtained. 

( i i ) Osmometry. 
T h i s technique has been a p p l i e d to o b t a i n a v a r i e t y o f 
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thermodynamic parameters, ' examples i n c l u d e second v i r i a l 

c o e f f i c i e n t s , heats of d i l u t i o n , entropy of d i l u t i o n and s o l v e n t -

s o l u t e i n t e r a c t i o n parameters as w e l l as p r o v i d i n g a method f o r 

molecular weight determination. 

( i i i ) V i s c o s i t y measurements. 
The d i l u t e s o l u t i o n v i s c o s i t y technique w i l l not always 

l e a d to v a l i d molecular weights s i n c e the s i z e and shape o f the 

raacromolecule i s a f u n c t i o n of molecular s t r u c t u r e , composition and 

the d i s t r i b u t i o n of segments along the c h a i n . However, i n regard 

to the l i n e a r poly(styrene-b-butadiene-b-styrene) and p o l y ( s t y r e n e -
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b-butadiene) polymers, U t r a c k i and others have developed 
equations r e l a t i n g the i n t r i n s i c v i s c o s i t y to molecular weight, 



the only p r i o r information r e q u i r e d was knowledge of composition. 

( i v ) . G e l permeation chromatography. 

GPC i s r e l a t i v l y i n s e n s i t i v e to compositional hetero­

g e n e i t i e s and i s thus a potent t o o l i n the c h a r a c t e r i s a t i o n of 

l i n e a r block copolymers. Since the product of i n t r i n s i c 
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v i s c o s i t y and molecular weight determines r e t e n t i o n times, a 

u n i v e r s a l c a l i b r a t i o n can be e s t a b l i s h e d t h a t i s v a l i d for 

l i n e a r homopolymers as w e l l as random and block copolymers. I t 

has been found t h a t , i n favourable c a s e s , GPC can be used to 

c h a r a c t e r i s e block copolymer p o l y d i s p e r s i t y , e s t i m a t e the 

percentage of the v a r i o u s po'lymer types and determine 

molecular weights. 

b ) . S p e c t r o s c o p i c c h a r a c t e r i s a t i o n . 

E l e c t r o m a g n e t i c i r r a d i a t i o n from r a d i o frequency 

through i n f r a r e d and u l t r a v i o l e t to X-rays has been used 

widely i n the a n a l y s i s of block copolymers. Nuclear magnetic 

resonance spectroscopy used i n the study of the s t r u c t u r e s of 
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copolymers has been reviewed by Nishioka, w h i l e another 149 . 19 Japanese worker r e c e n t l y d i s c u s s e d the F nmr a n a l y s i s 
of f l u o r i n e c o n t a i n i n g polymers. I n f r a r e d a n a l y s i s may be used 

to compare block lengths by using a c a l i b r a t i o n curve and 

comparing s p e c i f i c absorbtions for each component polymer. 

X-ray a n a l y s i s i s becoming more popular a s an a n a l y t i c a l 
procedure to i n v e s t i g a t e block copolymers, f o r example, 

150 
Ailhaud used s m a l l angle X-ray d i f f r a c t i o n to determine the 

s t r u c t u r e of g e l s formed by mixing a l k y l methacrylate block 

copolymers w i t h s o l v e n t s s e l e c t i v e f o r one of the b l o c k s . 

The s u r f a c e s e n s i t i v e techniques such as m u l t i p l e 

i n t e r n a l r e f l e c t a n c e i n f r a r e d spectroscopy and E.S.C.A. can 

be used to i n v e s t i g a t e s p e c i f i c s u r f a c e segregation i n block 
151 copolymers. 

Mass spectroscopy has been used i n the a n a l y s i s of 

copolymers of methyl methacrylate and methyl a c r y l a t e i n 
order to determine r e l a t i v e amounts of each monomer i n the 
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152 polymer. 

c ) . Thermal a n a l y s i s . 

( i ) D i f f e r e n t i a l thermal a n a l y s i s . 

T h i s technique i s widely used i n polymer s c i e n c e t o 

determine t r a n s i t i o n temperatures, i n p a r t i c u l a r g l a s s 

t r a n s i t i o n temperatures and melting p o i n t s ; both these para­

meters are u s e f u l i n d i s t i n g u i s h i n g between a block and a 

random copolymer, s i n c e the block sequence w i l l g e n e r a l l y 

d i s p l a y the t r a n s i t i o n s a s s o c i a t e d with the appropriate homo-

polymers whereas the random copolymer w i l l d i s p l a y unique 

t r a n s i t i o n s . 

( i i ) . Thermal deqredation. 

Thermogravimetric a n a l y s i s i s a proc e s s used to 

e s t a b l i s h the temperature of c a t a s t r o p h i c degredation of 

polymeric m a t e r i a l s , and i n some c a s e s , to ob t a i n k i n e t i c 

parameters f o r decomposition r e a c t i o n s . P y r o l o s i s w i t h 

subsequent g a s = l i q u i d chromatographic a n a l y s i s can a l s o be 
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used to c h a r a c t e r i s e block copolymers: I n t h i s method 

the polymer i s py r o l y s e d on a platinum w i r e i n the i n l e t 

system of the g l c apparatus. The chromatograms obtained 

from v a r i o u s polymers c o n t a i n peaks t h a t can be c o r r e l a t e d 

w i t h the appropriate decomposition products and hence 

s t r u c t u r a l assignments may be made. 

d) . P h y s i c a l and mechanical p r o p e r t i e s . 

( i ) . Mechanical p r o p e r t i e s . 

Comparison of mechanical p r o p e r t i e s can be made 

between homopolymers of the block copolymers components, 

the corresponding random copolymers c o n t a i n i n g the same 

monomer r a t i o s as the copolymers themselves. Observed 

d i f f e r e n c e s can be used to d i f f e r e n t i a t e between the polymer 

types. The d i f f e r e n c e i n the mechanical p r o p e r t i e s of block 

and random copolymers has been a t t r i b u t e d to phase s e p a r a t i o n 

and to s t r e s s c o n c e n t r a t i o n s a t the phase boundaries. 
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( i i ) .Microscopy. 

The d e t a i l s of block copolymer morphology are of 

p a r t i c u l a r i n t e r e s t , and microscopy, e s p e c i a l l y e l e c t r o n 

microscopy, i s a powerful t o o l for studying t h i s t o p i c w i t h 

u l t r a t h i n s e c t i o n s of polymer. Observations r e v e a l t h a t block 

copolymers show s e v e r a l d i f f e r e n t morphological c o n f i g u r a t i o n s 

such as spheres, rods, s t r i p e s , networks and i r r e g u l a r l y 
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shaped "islands'.* Ailhaud used t h i s method to i n v e s t i g a t e 

the m i c r o s t r u c t u r e s of block copolymers of d i f f e r e n t a l k y l 

methacrylates* X—ray d i f f r a c t i o n techniques (mentioned 
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p r e v i o u s l y ) can a l s o be used to t h i s end. ' 

( i i i ) .Minimum f i l m forming temperature. 

The formation of f i l m s from emulsions of copolymers i s 
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a phenomenon of t e c h n o l o g i c a l importance. Brown developed a 

mechanism i n which f i l m formation i s a t t r i b u t e d to the c a p i l l a r y 

f o r c e s of the water w i t h i n the i n t e r s t i c e s between the polymer 

spheres. As the water evaporates, the p a r t i c l e s come c l o s e r 

together to form a continuous f i l m by p a r t i c l e c o a l e s e n c e , i f 

they can be deformed s u f f i c i e n t l y . The lowest temperature a t 

which coalesence occurs can be measured and i s c a l l e d the 

minimum f i l m forming temperature (mft) and i s r e l a t e d to the 

g l a s s temperature, Tg. S i n c e the evaporating phase i s water, 

the mft must be l o c a t e d between 0 and 100° to be measurable. 

As a r u l e , the value of the mft for a block copolymer l i e s 

between those of i t s two c o n s t i t u e n t homopolymers, i t s e x a c t 

v a l u e depending i n d i r e c t proportion to the percentage of each 

monomer incorporated i n the block s . Values of mft for a s e r i e s 

of copolymers of e t h y l a c r y l a t e (Tg,-22°) and methyl methacrylate 

(Tg,105°) were measured by Brown e t a l * 5 8 As expected, mft 

r o s e as the amount of methyl methacrylate was i n c r e a s e d . Below 

the mft coalesence i s prevented by the r i g i d i t y of the r e s i n , 

and a powdery or spongy s t r u c t u r e i s obtained. 
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( i v ) . I n v e r s e gas chromatography. 

Recently, gas chromatography has been e x t e n s i v l y used 

to i n v e s t i g a t e p r o p e r t i e s of a polymer which i s used as the 

s t a t i o n a r y phase, and the r e t e n t i o n data of a weakly i n t e r a c t i n g 

v o l a t i l e s o l u t e a r e examined as a f u n c t i o n of column temperature. 
159-161 

Th i s technique has been explored by G u i l l e t and was 
applied to block copolymers of poly(styrene-b-THF) by I t o and 
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others who concluded t h a t the method of i n v e r s e gas 

chromatography g i v e s u s e f u l information about bulk and s u r f a c e 

p r o p e r t i e s of copolymers. 

e).Chemical p r o p e r t i e s . 

When monomer compositions d i f f e r , copolymer composition 

may be r e a d i l y obtained by elemental a n a l y s i s , which i s the 

determination of a given element ( u s u a l l y C,H,N or halogen) as 
a mass percentage of the molecular mass of the compound. 

Chemical degredation with subsequent g l c a n a l y s i s of 
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the products has been reported by Haslam and coworkers. They 

hydrolysed random copolymers of methyl methacrylate and e t h y l 

methacrylate i n the presence of HI to convert the alkox y groups 

to methyl i o d i d e and e t h y l i o d i d e , t h a t could be determined by 

chromatographic a n a l y s i s . Obviously, t h i s type of a n a l y s i s can 

a l s o be gained by observation of p o s s i b l e chemical r e a c t i o n s 

between the r e p e a t i n g u n i t s . I f the repeat u n i t e x i s t s as 

.long segments of a s i n g l e type, i . e . block copolymers, r e a c t i o n 

may occur only a t the boundaries between the segments. The 

behaviour i n ap p r o p r i a t e r e a c t i o n s may thus be used to d i s t i n g u i s h 

between random and block copolymers and between a l t e r n a t i n g or 

uniform compounds and heterogeneous, non-uniform copolymers. An 
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example of t h i s d i s t i n g u i s h i n g method was de v i s e d by Ceresa 

who s t u d i e d a styrene-methyl methacrylate r e s i n . The random 

copolymer gave 79.6% c y c l i s a t i o n wheras the block copolymer d i d 

not c y c l i s e . 
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1.6. Alms and o b j e c t i v e s of the present work. 

The work reported i n t h i s t h e s i s i s p a r t of a 

programme designed to i n v e s t i g a t e methods of modifying 

the s u r f a c e p r o p e r t i e s of polymers. 

An attempt to s y n t h e s i s e poly(methyl methacrylate) 

c o n t a i n i n g f l u o r o a l k y l a c r y l a t e and methacrylate b l o c k s 

by an e s t a b l i s h e d method i s d e s c r i b e d and t h e i r subsequent 

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

aimed a t t h e i r s u r f a c e p r o p e r t i e s , p a r t i c u l a r l y the 

a n t i c i p a t e d s u r f a c e segregation of the f l u o r i n a t e d b l o c k s . 

Should the process occur, the c h a r a c t e r i s t i c low s u r f a c e 

e n e r g i e s of the fluoropolymers would make themselves 

manifest, and the degree of segregation can be monitored 

by wetting t e s t s on f i l m s prepared from these novel 

m a t e r i a l s . D e s c r i p t i o n of the p r e p a r a t i o n and a n a l y s i s 

of the monomers, homopolymers and random and block 

copolymers i s given i n the f o l l o w i n g c h a p t e r s . 



CHAPTER I I 
PREPARATION AND ANALYSIS OF THE MONOMERS. 



1. I n t r o d u c t i o n . 
I t was F i t t i g 1 6 ^ i n 1879 who reported t h a t m e t h a c r y l i c 

a c i d and some of i t s d e r i v a t i v e s could e a s i l y be polymerised. 

An I m p e r i a l Chemical I n d u s t r i e s worker^"^ discovered t h a t 

methacrylate e s t e r polymers, e s p e c i a l l y poly(methyl m e thacrylate) 

were r i g i d , o p t i c a l l y c l e a r p l a s t i c s , a f a c t t h a t has lead to 

the commercial importance of such r e s i n s . 

At f i r s t , m e t h a c r y l i c e s t e r s were prepared by the 

dehydration of o(-hydroxyisobutyric a c i d e s t e r s . 

X 3 H 2 C = C / C H 3 
HO COOR NCOOR. 
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The removal of water has been achieved with the use 

of exc e s s phosphorous oxych l o r i d e i n the presence of a s m a l l . 

amount of sulphur or hydroquinone as a polym e r i s a t i o n i n h i b i t o r . 

J — . ~ i - i n «.,„u — — — i ~ ^ — . _ i — . -u _ ̂  n n ^ 1 a_ i ^ — 

v . u i i i . a v . 1 . i _ a u a ± j r i 3 i . O i o u u n a a yi^ayna L t r i s , a i _ J^U . i _ n y ± n i t ; m a u i y _L<a 

has been prepared d i r e c t l y from acetone cyanohydrin without the 
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i s o l a t i o n of in t e r m e d i a t e s and t h i s method has been modified 
. . . , 170-6 by l a t e r workers. 

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

Ahlbrecht reported the p r e p a r a t i o n of 2,2,3,3,4,4,4-hepta 

f l u o r o b u t y l a c r y l a t e using a mixture of a c r y l i c a c i d and 
177 

p e r f l u o r o a c e t i c anhydride w i t h the f l u o r o a l c o h o l . The r e a c t i o n 

• can be used to prepare a v a r i e t y of f l u o r i n a t e d a l k y l a c r y l a t e s 

by u s i n g the ap p r o p r i a t e a l c o h o l ; t o t a l l y f l u o r i n a t e d a l c o h o l s 

cannot be used, however, due to t h e i r low s t a b i l i t y , decomposing 
178 

to the p e r f l u o r o a c y l f l u o r i d e and hydrogen f l u o r i d e . 

F l u o r i n a t e d a c r y l a t e s can a l s o be prepared from f l u o r i n a t e d 

ketones, c o n t a i n i n g an0( C-H bond, i n the presence of base; f 3 f 3 f 3 f 3 r t l f 3 C F 3 ° 
( C 2 F 5 ) 2 C . C H 2 . C ^ ( C 2 F 5 ) 2 C . C H = C £ ^ ( C 2 F 5 ) 2 C . C H = C 0 . C . C H = = C H 2 

0 
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or, a l t e r n a t i v l y obtained from commercially a v a i l a b l e a l c o h o l s of 

g e n e r a l formula CH 3(CF 2) xCH 2OH or H(CF 2) yCH 2OH i n the conventional 
179 . 180 manner, e i t h e r d i r e c t l y or v i a the mixed anhydride. 

C H = C H 2 H + ? H C H 2 
0 0 

H T I z II II + R fCH 20H — - > | < R fCH 20H + CF 3C0C.CH 
C0 2H C0 2CH 2R f 

F l u o r i n a t e d ketones r e a c t with a v a r i e t y of n u c l e o p h i l i c 

reagents such as a l k o x i d e s , n i t r i l e s and f l u o r i d e s and the 

intermediate a d d i t i o n products can oft e n be converted to a c r y l a t e s 
181 

and m e t h a c r y l a t e s . 

( C F 3 ) 2 C = 0 + MX > (CF 3) 2CXO"M + 

where M= a l k a l i metal and X= CN~,F~,OCH3~,CH3",Ph". 

I 
(CF o)-CX0~M + + CH,p^CHCQCl > CH ,==== CH , COOC X 

j z z z i 
Due to the low r e a c t i v i t y of the f l u o r i n a t e d a l c o i i o l s , 

4 

d i r e c t e s t e r i f i c a t i o n using a c r y l i c a c i d i n the presence of 

strong a c i d s has been found to be i n e f f i c i e n t , f or example, 

us i n g s u l p h u r i c a c i d as the c a t a l y s t and benzene as the e n t r a i n e r , 

a y i e l d of only 14% of the f l u o r i n a t e d b u t y l a e r y l a t e was 
182 

obtained i n 30 hours. A more u s e f u l r e a c t i o n d e s c r i b e d i n the 

same paper, and adopted i n t h i s work, i s the i n t e r a c t i o n of 

f l u o r i n a t e d a l c o h o l s with a c r y l y l and m e t h a c r y l y l c h l o r i d e s to 

prepare the r e q u i r e d a c r y l a t e s and methacrylates r e s p e c t i v l y . 
X0C1 .C00CH 2R f 

C H 2 = C ^ +R fCH 20H > C H 2 = C < ^ 
Y 

where Y i s -CH-, i n the methacrylate case and -H for the a c r y l a t e s . 
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2.3.Exper imenta1. 
a ) . M a t e r i a l s . 

A c r y l i c a c i d s t a b l i s e d with 0.05% p-methoxyphenol and 

benzoyl chloride(B.D.H. l a b o r a t o r y r e a g e n t s ) ; m e t h a c r y l i c a c i d 

i n h i b i t e d w i t h lOOOp.p.m. hydroquinone and 250p.p.m. hydro-

quinone monomethyl ether ( A l d r i c h c h e m i c a l s ) ; 2 , 2 , 2 - t r i f l u o r o -

ethanol and 1,1,1,3,3,3-hexafluoropropan-2-ol ( B r i s t o l Organics 

L i m i t e d ) ; and 2,2,3,3,4,4,5,5-octafluoropentanol (E.I.Du Pont de 

Nemours and C o . ( l n c ) ) , were obtained from the manufactures and 

used without f u r t h e r p u r i f i c a t i o n . 

2 .3b).Synthesis. 

The r o u t e s to the r e q u i r e d monomers a r e summarised f o r 

the g e n e r a l c a s e below: 

.COOH C0C1 ^COCl COOH . I 
C H 2 = = C \ X — > ch2=cCT + 1 

yCOCl /C00CH 2R f 

CH 9==C^ + R CH,0H => C H ^ = C ^ + HCl 

where Y i s H i n the case of a c r y l a t e s , and -CH 3 for m e t h a c r y l a t e s . 

I n p r a c t i c e , i t was found most convenient to use the a c i d 

c h l o r i d e s immediately on s y n t h e s i s ; a standard procedure was 

adopted which i s given below for the case of 2 , 2 , 2 - t r i f l u o r o e t h y l 

a e r y l a t e . The d e t a i l s f o r the syntheses of the other monomers a r e 

recorded i n t a b l e 2.1. 

The apparatus used c o n s i s t e d of two r e a c t i o n f l a s k s . The 

f i r s t (11.;2 necked) was f i t t e d with a n i t r o g e n i n l e t and a 

f r a c t i o n a t i n g column (20 cms.long; 1cm. i n t e r n a l diameter, 
c o n t a i n i n g g l a s s h e l i c e s ) . T h i s was connected t o the second f l a s k 
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(11.;3 necked) v i a the column by a s t i l l head and condenser. The 

remaining necks of the f l a s k were f i t t e d w i t h a r e f l u x condenser 

through which a ni t r o g e n bleed was passed, terminating about 

1 cm. from the bottom of the f l a s k , and a p r e s s u r e e q u i l i b r a t e d 

dropping funnel, connected to a dry nit r o g e n supply. The e n t i r e 

apparatus was oven d r i e d a t 120° for two hours and then 

assembled hot w h i l s t purging with dry n i t r o g e n , thus removing 

any t r a c e s of moisture. A c r y l i c a c i d (216g.;3moles) and benzoyl, 

c h l o r i d e (630g.; 4.5moles) were introduced i n t o the two necked 

f l a s k . A small q u a n t i t y of hydroquinone (about 2.5gms) was 

placed i n the r e c e i v i n g f l a s k to a c t as i n h i b i t o r . The mixture 

i n the f l a s k was heated by e l e c t r i c mantle and a c r y l y l c h l o r i d e 

was d i s t i l l e d (b.pt. 76°) and condensed i n t o the second r e a c ­

t i o n v e s s e l . When no more a c i d c h l o r i d e d i s t i l l e d , the cond­

ensing system was removed from the three necked f l a s k and 

the neck s e a l e d w i t h a- p r e v i o u s l y d r i e d thermometer w e l l and 

thermometer: The a c r y i y l c h l o r i d e was heated t o 60° using an 

e l e c t r i c mantle before 2 , 2 , 2 - t r i f l u o r o e t h a n o l (300g;3moles) 

was added rapidly„ The formation of unwanted 2 , 2 , 2 - t r i f l u o r o 
182 

-chloropropanate i s avoided by t h i s technique. The mixture 
was r e f l u x e d for 15*5 hours a t 75°, the hydrogen c h l o r i d e 

evolved being removed i n the nitrogen sweep. The contents 

of the f l a s k included the d e s i r e d f l u o r i n a t e d a e r y l a t e , 

together with excess a l c o h o l (as demonstrated by both i n f r a r e d 
and g l e a n a l y s i s ) . The l a t t e r was removed by washing thoroughly 

3 
w i t h 6x200cm a l i q u o t s of de i o n i s e d water. The a c r y l a t e was 

d r i e d (MgS0 4) and d i s t i l l e d ( S p a l t r o h r c o n c e n t r i c tube 

f r a c t i o n a t i n g column, HMS500 with 75 t h e o r e t i c a l p l a t e s ) . 

The f r a c t i o n a t 44-46° a t 120mms of mercury was c o l l e c t e d 

a t a r e f l u x r a t i o of 5:1 and examined by g l e (column A a t 100°)» 

i n f r a r e d and mass spectroscopy. 



39. 

(0 
(a • 

01 
to 
E| 

(0 CO CO 1 
"s . X o "s . m n o 
u CM O o o rH 
o rH O o o \ 

CO \ i-H i-H rH O 
•p o \ \ \ in ft o 3 o o • m in CM o 
A CO in 

T» 
<# 

<& a* 
I - l <# ro r- o 
0) 00 * • • e 

vO en CO o 
rH CO 

, CO id ro H 
O • cu o 1 0) X rH 0) X! rH in >. 0) 
u oi H u rH 0) >1 rH 0) > 1 •* •P H 
0 -P O o rH 0 -C ft 0 x: ft QJ in C o 
=i nj £ CJ E 1 o £ i O o> rH 0) £ 
rH H H fO o CO >H rH CO u O ft O 
4H >1 o MH .c 01 ft Ol ft id £ o CO 
-rH rH • -H + J • CO 0 • CO 0 H CM u • -P rH U CM V-l rH CO 0) rH CO >1 o 01 o U -P (C * * -P £ •*» CO -H •P CO -rH CO -P 
1 1 01 o rd 01 0 u 01 rH rd Ol 

T3 CM H o CM H • r-> rH rH H CM i-H u fd CO CO UH rH o O >1 01 * >i 
-M 

0) Ol •» 0 > 1 O * o Jd •* id >1 CM 
U CM - E ! CM CM 

>i 
-M -p CM rH rH M^ rH -p CM •P U CM 

CU +> •P rd rH CJ * H 0) •\ a O 
CM CU CM 0) rH i-H 4-1 m rH MH £ rH o id 

! ! 1 rH 
1 
ra Ol

 

i 
O O - — IC 0 - — v X 1 . — ^ in rd 
U (0 U CO X 1 (0 0 CM CO -P — 

O QJ 0 0) 8 CM cu 1 0) in c aj 
rH rH .c 

i 1 rH 1 c rH cu rH 
rH 0 H o 

.c 
i 0 CO" ro O ft o rH MH e >4H E CO rrt e •k ft £ o £ O -iH -H •s CO O u 

rH . m rH CO CO tv CO •» u CO 0 rH 
rH --. rH -. r>. —. r>. -» nrj 

U T o 01 T 0 Oi CO 0 Ol O Ol •* rH 01 
rH CM c o CM C O i-H rH rH rH ,^ CO MH CM 
<c o * rrt o •» 0 a «» O o •* ra CO 

CM co CM rC CO rH 3 in i-H in CM •P i-H CM 
-P - — ^ •P — * «t rH * rH — * O o . , 

CM •Q) CM 01 i-H UH i-H 4H CM O c 
Ol 

TJ 
-rH CO (0 CO CO 0} 
rH 0) QJ 0) cu 0) O rH H rH rH rH 
rH 0 O O O o -C e E £ £ £ O m in in in in 
rH • • • • • 

M̂  f—1 
o N Ol 01 01 01 Ol C O o o o o 0) co CO CO CO CM 

i-H 

• 

(0 T» CO CO -o CO 
CU •H 01 0) •rH QJ rH CJ H H CJ rH 0) 

T3 0 IB 0 o id 0 H T3 £ E •o £ id £ O -rH CJ CJ •iH £ 
co • H co u CO - H CO 0 

-rH id H Id rH rd rH 
CJ Ol >i Ol 01 >1 Ol 

rd 
•* 

< 

yl
ic

 
(2

16
 

ha
cr
 

(2
58

 

yl
ic

 
(2

16
 

ha
cr

 
(2

58
. 

yl
ic

 
(7

2g
 

u et
 

u + J JH CJ et
 

CJ 01 u 
«: X < 

Q J 
i-H 
rQ 
rd 
E-t 



40. 

The u l t r a p u r e monomers thus formed were s t o r e d a t 

-25° over hydroquinone i n h i b i t o r . 

2 . 3 c ) . A n a l y s i s . 

i ) . I n f r a r e d . 

The s p e c t r a were run as t h i n f i l m s between 

sodium c h l o r i d e p l a t e s . A l l monomers gave the expected spectrum, 

demonstrating the 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 and confirming the 

presence of the a n t i c i p a t e d groups i n the e s t e r s . The s p e c t r a 

are considered i n more d e t a i l l a t e r i n the t h e s i s and are 

reproduced i n the appendix. 

i i ) . E lemental a n a l y s i s . 

A l l monomers were analysed by standard 

techniques (see appendix). The r e s u l t s are recorded i n t a b l e 2.2 

i i i ) . Mass spectroscopy. 

The mass s p e c t r a of the f i v e monomers were 

recorded and are t a b u l a t e d i n the appendix of t h i s t h e s i s . A l l 

showed prominent molecular ion peaks and the expected fragmentation 

p a t t e r n , confirming the a n t i c i p a t e d s t r u c t u r e . 

i v ) . G a s - l i q u i d chromatography. 

A l l compounds gave only one peak when i n j e c t e d 

to e s t i m a t e the r e t e n t i o n time (0.5yul i n j e c t i o n ) and to d e t e c t 

minor i m p u r i t i e s (7y^l i n j e c t i o n ) . The a n a l y t i c a l technique used 

would have detected i m p u r i t i e s present i n g r e a t e r than 0.1% 

co n c e n t r a t i o n , providing t h e i r r e t e n t i o n times were not 

c o i n c i d e n t w i t h t h a t of the monomer. Table 2.3 l i s t s r e t e n t i o n 

times of the monomers. 

The combined evidence from the four a n a l y t i c a l 

methods used confirmed the s t r u c t u r e and p u r i t y of the f l u o r i n a t e d 

a c r y l a t e s and methacrylates used i n t h i s work. The monomers were 

estimated to have a p u r i t y b e t t e r than 99.9%. 



Table 2.2 
Monomer Element C a l c u l a t e d Found 
1 ) . 2 , 2 , 2 - t r i f l u o r o ­
e t h y l a c r y l a t e 

Carbon 
Hydrogen 
Oxygen 
F l u o r i n e 

38.97 38\d3 
3.27 3.44 

20.77 20.89 
36.99 36.82 

2 ) . 2 , 2 , 2 - t r i f l u o r o ­
e t h y l m ethacrylate. 

Carbon 
Hydrogen 
Oxygen 
F l u o r i n e 

42.87 43.02 
4.20 3.98 

19.03 18.88 
33.90 34.12 

3 ) . 1,1,1,3,3,3-hexafluoro 
i s o p r o p y l a c r y l a t e 

Carbon 
Hydrogen 
Oxygen 
F l u o r i n e 

32.45 32.24 
1.82 1.98 
14.41 14.16 
51.33 51.62 

4 ) . 1,1,1,3,3,3-hexafluoro-
i s o p r o p y l methacrylate 

Carbon 
Hydrogen 
Oxygen 
F l u o r i n e 

35.61 35.48 
2.56 2.40 

13.55 14.01 
48.28 48.11 

5 ) . 2,2,3,3,4,4,5,5-octa-
f l u o r o p e n t y l a c r y l a t e 

Carbon 
Hydrogen 
Oxygen 
F l u o r i n e 

33.58 33.49 
2.11 2.00 

11.18 11.20 
c;^ i o c;q 

Table 2.3 

Monomer Ret e n t i o n time ( m i n u t e s ) 3 

2 , 2 , 2 - t r i f l u o r o e t h y l a c r y l a t e 4.0 
2 , 2 , 2 - t r i f l u o r o e t h y l methacrylate 6.5 
1,1,1,3,3,3-hexafluoroisopropyl 2.2 

a c r y l a t e 
1,1,1,3,3,3-hexafluoroisopropyi 3.0 

methacrylate 
2,2,3,3,4,4,5,5-octafluoropentyl 13.9 

a c r y l a t e 

a C a r r i e d out a t 100° using column A. (see appendix). 



CHAPTER I I I 

PREPARATION OF THE POLYMERS. 
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3.1. I n t r o d u c t i o n . 

Homopolymers of f l u o r o a l k y l a c r y l a t e s and m e t h a c r y l a t e s a r e 

w e l l known and t h e i r s u r f a c e p r o p e r t i e s , notably t h e i r 

oleophobic c h a r a c t e r i s t i c s have been thoroughly i n v e s t i g a t e d . 

Some have p r o p e r t i e s t h a t make them u s e f u l as s o l v e n t r e s i s t a n t 
18 G 

rubbers t h a t have f l e x i b i l i t y a t low temperatures, and so 
these r e s i n s are w e l l known commercially. Random copolymer 

187 191-3 
p r o p e r t i e s have a l s o been i n v e s t i g a t e d . ' 

Homopolymerisation and random copo l y m e r i s a t i o n of the 

monomers can be c a r r i e d out" i n bulk or s o l u t i o n but the most 

convenient method i s an emulsion technique; complete r e a c t i o n 

t a k i n g only about h a l f an hour, u n l e s s oxygen i s present i n the 

system, when c o n s i d e r a b l e i n d u c t i o n periods can occur. 

S e v e r a l methods of p r e p a r a t i o n of block copolymers 

have been d i s c u s s e d p r e v i o u s l y i n chapter I . The method adopted 
95 

i n t h i s work was t h a t i n i t i a l l y suggested by Szwarc v i a the 

" l i v i n g " methyl methacrylate m a c r o r a d i c a l . The f l u o r o b l o c k i s 

i n c o r p o r a t e d simply by adding the monomer to the l i v i n g system. 

The r e a c t i o n must be c a r r i e d out i n the absence of chain t r a n s f e r 

agents, i n c l u d i n g oxygen and water, as they would k i l l (to 

continue Szwarc's metaphor) the m a c r o r a d i c a l s p r i o r to second 

stage r e a c t i o n . A l t e r n a t i v e procedures a r e , i n p r i n c i p l e , p o s s i b l e , 
188 

f o r example, a French paper d e s c r i b e s the s y n t h e s i s of 
m e t h a c r y l a t e block copolymers by an a n i o n i c route. Seymour and 

189 

'Stahl prepared block copolymers by p r e c i p i t a t i n g the f i r s t 

stage l i v i n g m a c r o r a d i c a l from v i s c o u s poor s o l v e n t s such as 

s i l i c o n e o i l s . The same workers a l s o d e s c r i b e d a method i n which 

the r a d i c a l l y i n i t i a t e d r e a c t i o n was stopped as the m a c r o r a d i c a l s 
190 

p r e c i p i t a t e d out of poor s o l v e n t s such as propanol or hexane. 
The presence of s p e c i e s with unpaired e l e c t r o n s i n the p r e c i p i t a t e d 

195 
polymers has been confirmed by e s r techniques. Using the 
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p r e c i p i t a t i n g m a c r o r a d i c a l procedure, a v a r i e t y of 

poly(methyl m e t h a c r y l a t e - b - a l k y l a c r y l a t e s ) have been prepared. 

However, c e r t a i n c r i t e r i a must be met before t h i s method can be 

s u c c e s s f u l l y used. 

F i r s t l y , i t has been found t h a t methyl me t h a c r y l a t e 

m a c r o r a d i c a l s are s t a b l e i n s o l v e n t s which have s o l u b i l i t y 
194 

parameters (S) below 7.4 or above 11.0 h i l d e b r a n d u n i t s ; 

hexane has a % va l u e of 7i3H. Since the m a c r o r a d i c a l s p r e c i p i t a t e 

when the molecular weight exceeds the s o l u b i l i t y l i m i t , 

i n i t i a t o r c o n c e n t r a t i o n has" l i t t l e e f f e c t on the molecular 
190 

weight of the m a c r o r a d i c a l s . 

Secondly, i t has been shown t h a t the d i f f e r e n c e i n 

the s o l u b i l i t y parameter v a l u e s of the monomer and m a c r o r a d i c a l 
196 

must not be g r e a t e r than 3.1 u n i t s . The s o l u b i l i t y parameter 

of poly(methyl methacrylate) i s 9.1, so the s o l u b i l i t y parameters 

of the f l u o r o a l k y l monomers must have S va l u e s l y i n g between 6 and 

12.2H. S o l u b i l i t y parameters may be c a l c u l a t e d from a number of 
197 

p h y s i c a l c o n s t a n t s ; Small suggested a method to determine 

v a l u e s from a knowledge of the s t r u c t u r a l formula of the compound 

and i t s d e n s i t y . A parameter G, the molar a t t r a c t i o n c o n s t a n t , i s 

assumed to be a d d i t i v e over the formula and i s r e l a t e d to the 

s o l u b i l i t y parameter by the equation: 
$ = d ^ G 

m.wt. 
where d i s the d e n s i t y and 2*G i s the sum of the molar a t t r a c t i o n 
f o r a l l the atoms and groupings i n the molecule. 

198 
More r e c e n t l y , Hoy d e v i s e d a new concept of molar 

a t t r a c t i o n c o nstant, c o n s i s t e n t with data d e r i v e d from measurements 

of vapour p r e s s u r e . Compilations of both types of G v a l u e s a r e 

a v a i l a b l e , and i n g e n e r a l , computed v a l u e s of S agree to w i t h i n 
a few tenths of a h i l d e b r a n d u n i t . 
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Table 3.1. 

Monomer Density v a l u e Mol.wt. $ 
2 , 2 , 2 - t r i f l u o r o e t h y l a c r y l a t e 1.22g.cm~J 1018 146 8.51 

2 , 2 , 2 - t r i f l u o r o e t h y l methacrylate _3 
1.17g.cm 1140 160 8.34 

1,1,1,3,3,3-hexafluoroisopropyl 1.36g.cm ^ 1187 222 7 .27 
a c r y l a t e 

1,1,1,3,3,3-hexafluoroisopropyl _3 
1.28g.cm 1309 236 7.10 

methacrylate 

2,2,3,3,4,4,5,5-octafluoropentyl _3 
1,45g = cm 1434 286 7.27 

a c r y l a t e 

D e n s i t i e s of the monomers were determined by weighing a 

known volume of l i q u i d (50^u.l) i n a s y r i n g e , r e p e a t i n g s e v e r a l 

times and averaging. T h e i r v a l u e s are given i n t a b l e 3.1. The 

v a l u e s of o f o r the monomers used i n t h i s work were determined by 

the method of Small, the v a l u e s obtained a l l f e l l w i t h i n 3.1 u n i t s 

of the v a l u e f o r poly(methyl m e t h a c r y l a t e ) ; thus, the s o l u b i l i t y 

parameter requirements were f u l f i l l e d . 

The f i n a l p r a c t i c a l c o n s t r a i n t i s t h a t of temperature. 

At the t h e t a temperature f o r the polymer-solvent system, by 
199 

d e f i n i t i o n , the polymer should e x i s t as a s t a t i s t i c a l c o l l , 

and i t has been found t h a t the y i e l d of i n s o l u b l e methyl 

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

temperature approached the t h e t a t e m p e r a t u r e ? 0 0 A f u r t h e r 

important parameter i s the g l a s s t r a n i s i o n temperature (Tg) of 

the i n i t i a l l y formed polymer. As Tg i s approached, c h a i n motion 

becomes more f a c i l e and i s accompanied by a g r e a t e r p r o b a b i l i t y 

of premature t e r m i n a t i o n . For poly(methyl m e t h a c r y l a t e ) , the 

value of Tg i s 105°. The second block formation stage i s d i f f u s i o n 
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c o n t r o l l e d and t h e r e f o r e temperature dependant; the r a t e i s most 

r a p i d when the m a c r o r a d i c a l i s h i g h l y swollen by the s o l v e n t and 
201 

when a r e l a t i v e l y high temperature i s maintained. Minoura 

developed t h i s f u r t h e r and produced block copolymers i n good 

y i e l d s by the a d d i t i o n of good s o l v e n t s to a suspension of 

m a c r o r a d i c a l , v i n y l monomer and poor s o l v e n t . 

I n summary, m a c r o r a d i c a l s are u n s t a b l e i n the 

presence of oxygen, moisture or good s o l v e n t s , a t temperatures 

above Tg and/or the t h e t a temperature, so t h a t block c o p o l y m e r i s a t i o n s 

c a r r i e d out u s i n g t h i s technique must be done under s t r i c t l y 

c o n t r o l l e d c o n d i t i o n s . 

3.2. Experimental. 

a ) . Homopolymer production. 

i ) . M a t e r i a l s . 

Methyl methacrylate monomer, s t a b l i s e d w ith p-hydroxy-

phenol, was obtained from Hopkin and W i l l i a m s ; sodium l a u r y l 

s ulphate and potassium persulphate from B.D.H. Chemicals L t d . The 

f l u o r o a l k y l a c r y l a t e and methacrylate monomers, s t a b l i s e d w i t h 

hydroquinone, wer& prepared as d e s c r i b e d i n the previous chapter. 

Before use, the monomers were f r e e d from t h e i r 

i n h i b i t o r s by washing with two a l l i q u o t s of sodium hydroxide 
3 

s o l u t i o n (10%, 100cm ) , followed by shaking v i g o r o u s l y w i t h 

d e i o n i s e d water i n order to remove r e s i d u a l a l k a l i from the 

washings, as demonstrated by i n d i c a t o r paper; the monomers were 

then d r i e d (MgSO^) and f i n a l l y d i s t i l l e d a t reduced p r e s s u r e . 

Other chemicals were used without f u r t h e r p u r i f i c a t i o n . 

i i ) . S y n t h e s i s . 

The p o l y m e r i s a t i o n of 2 , 2 , 2 - t r i f l u o r o e t h y l a c r y l a t e 

w i l l be d e s c r i b e d , the amounts of chemicals used and techniques 

employed were the same f o r a l l the other homopolymer p r e p a r a t i o n s . 

The f r e s h l y d i s t i l l e d monomer (2.5g) was p i p e t t e d i n t o 
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a c l e a n , necked pyrex tube (ca. 20cm. x 1cm. d l a . ) f i t t e d w i t h an 

S19 b a l l j o i n t . A s o l u t i o n of potassium p e r s u l p h a t e i n i t i a t o r (.0125g) 

and sodium l a u r y l sulphate e m u l s i f i e r (,075g) i n d e i o n i s e d water 

(4.5g) was p i p e t t e d i n t o the r e a c t i o n tube which was then a t t a c h e d 

to a conventional vacuum l i n e . The mixture was degassed by 

s e v e r a l freeze-thaw c y c l e s and the tube s e a l e d under vacuum(10 mm.Hg) 

The tube was p l a c e d i n a water bath maintained a t 50° f o r 

30 minutes, and shaken o c c a s i o n a l l y to ensure complete 

e m u l s i f i c a t i o n throughout the r e a c t i o n . The homopolymers of 

p o l y ( 2 , 2 , 2 - t r i f l u o r o e t h y l m e t h a c r y l a t e ) , poly(1,1,1,3,3,3-hexa-

f l u o r o i s o p r o p y l a c r y l a t e and m e t h a c r y l a t e ) , poly(2,2,3,3,4,4,5,5-

o c t a f l u o r o p e n t y l a c r y l a t e ) and poly(methyl methacrylate) were 

prepared i n a s i m i l a r way. 

i i i ) . Polymer recovery. 

The crude polymer was a white, rubbery s o l i d . The 

aqueous s o l u t i o n was decanted from the polymer which was then 

broken up m e c h a n i c a l l y and washed w i t h s e v e r a l a l i q u o t s of 

d e i o n i s e d water. The excess water was drained o f f and the product 

d i s s o l v e d i n the l e a s t q u a n t i t y of acetone. The r e s u l t i n g 

v i s c o u s s o l u t i o n was added dropwise to a l a r g e e x c e s s of r a p i d l y 

s t i r r e d , i c e c o l d methanol. The supernatant l i q u i d was decanted 

from the p r e c i p i t a t e d polymer which was then d r i e d under reduced 

p r e s s u r e ( .lmm.Hg f o r a t l e a s t 48 hours) to remove r e s i d u a l 

methanol. The a c r y l a t e s tended to be more s o l u b l e i n methanol 

than the corresponding m e t h a c r y l a t e s , as r e f l e c t e d i n the 

percentage r e c o v e r i e s ( t a b l e 3.2.). T h i s f a c t was used l a t e r to 

f r a c t i o n a t e the a c r y l a t e block copolymers. 

3.2b). Random copolymer production. 

i ) . M a t e r i a l s . 

The m a t e r i a l s were as d e s c r i b e d i n 3 . 2 a ( i ) w i t h the 
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a d d i t i o n of disodium t e t r a b o r a t e (borax), obtained from B.D.H. 

Chemicals L t d . and used without f u r t h e r p u r i f i c a t i o n . 

i i ) . S y n t h e s i s . 

The copolymerisation of methyl m e t h a c r y l a t e w i t h 

2 , 2 , 2 - t r i f l u o r o e t h y l a c r y l a t e w i l l be d e s c r i b e d . The amounts of 

chemicals used and the techniques employed were the same f o r the 

other copolymers subsequently prepared. 

The f r e s h l y d i s t i l l e d monomers (1.25g each) were 

p i p e t t e d i n t o a c l e a n , necked pyrex tube (20cm x 1cm d i a . ) , 

f i t t e d w i t h an S19 b a l l j o i n t . A s o l u t i o n of potassium 

persulphate (.025g), borax (.05g) and sodium l a u r y l s u l p h a t e 

(,075g) i n d e i o n i s e d water (5g) was p i p e t t e d i n t o the tube 

which was then attached to a vacuum l i n e . The mixture was 

degassed by s e v e r a l freeze-thaw c y c l e s and the tube s e a l e d under 

vacuum (10 mm.Hg). The tube was pl a c e d i n a water bath 

maintained a t 50° f o r 30 minutes and shaken o c c a s i o n a l l y to 

ensure complete e m u l s i f i c a t i o n throughout the r e a c t i o n . The 

copolymers of methyl methacrylate w i t h 2 , 2 , 2 ~ t r i f l u o r o e t h y l 

m e t h a c r y l a t e , 1,1,1,3,3,3-hexafluoroisopropyl a c r y l a t e and 

methacrylate and 2,2,3,3,4,4,5,5-octafluoropentyl a c r y l a t e 

were prepared i n a s i m i l a r way. 

i i i ) . Copolymer recovery. 

The procedure was as d e s c r i b e d f o r the homopolymers 

( 3 . 2 a ( i i i ) . The y i e l d s of recovered polymers a r e given i n 

t a b l e 3.2. 
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. 2 c ) . Block copolymer production. 

i ) . M a t e r i a l s . 

The monomers were f r e e d from i n h i b i t o r as d e s c r i b e d 

p r e v i o u s l y ; 2 , 2 , - a z o b i s - 2 - m e t h y l p r o p r i o n i t r i l e (AIBN), was 

obtained from B.D.H. Chemicals L t d . and was r e c r y s t a l l i s e d from 

hot methanol; hexane from B.D.H. Chemicals L t d . was d i s t i l l e d 

(20cm x 1cm d i a . , g l a s s h e l i c e s , b.pt. 68° a t 760mm Hg) before use. 

i i ) . S y n t h e s i s . 

The block copolymerisation of methyl m e t h a c r y l a t e with 

2 , 2 , 2 - t r i f i u o r o e t h y i a c r y i a t e w i l l be d e s c r i b e d . The apparatus 
3 

used c o n s i s t e d of a f l a s k (250cm ; 2 necked) connected to a 

conventional vacuum l i n e v i a a condenser. The f l a s k was f i t t e d 

with a magnetic s t i r r e r . The glassware was oven d r i e d a t 120° f o r 

s e v e r a l hours, assembled hot and attached to the vacuum system 

w h i l e hot and allowed to cool under vacuum; i t was then l e t down 

to an atmosphere of dry nit r o g e n . F r e s h l y d i s t i l l e d hexane (50g) 

was introduced i n t o the f l a s k a g a i n s t a co u n t e r c u r r e n t of dry 

nit r o g e n . AIBN (.075g; 1.5%) and f r e s h l y d i s t i l l e d methyl 

methacrylate (5g)were a l s o added i n t h i s manner. The system was 

degassed by s e v e r a l freeze-thaw c y c l e s to remove any t r a c e s of 

d i s s o l v e d oxygen. The apparatus was maintained under an atmosphere 

of dry n i t r o g e n and the r e a c t i o n mixture was heated by an o i l bath 

at 50°, w h i l s t being s t i r r e d s l o w l y . The r e a c t i o n was assumed to be 

complete a f t e r 48 hours. At t h i s stage, 2 , 2 , 2 - t r i f l u o r o e t h y l a c r y l a t e 

(2.5g) was vacuum t r a n s f e r r e d i n t o the r e a c t i o n f l a s k , and the 

second phase r e a c t i o n continued a t 45° f o r a f u r t h e r 72 hours 

under an atmosphere of dry n i t r o g e n . Other block c o p o l y m e r i s a t i o n s 

were c a r r i e d out i n the same way. 
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i l l ) . Copolymer recovery; 

The polymeric m a t e r i a l formed was recovered by 

f i l t r a t i o n , washed w i t h hexane, d i s s o l v e d i n the minimum amount 

of acetone, r e p r e c i p i t a t e d from i c e c o l d methanol and d r i e d on a 

vacuum l i n e (.1mm Hg f o r a t l e a s t 4 8 h o u r s ) . Y i e l d s of 

p r e c i p i t a t e d products are recorded i n t a b l e 3 . 2 . 

Table 3 . 2 . 

monomer. 
% recovery 

monomer. Homo Random Block 

methyl methacrylate 97% - -
t r i f l u o r o e t h y l a c r y l a t e 57% 84% 72% 

t r i f l u o r o e t h y l methacrylate 94% 86% 85% 

h e x a f l u o r o i s o p r o p y l a c r y l a t e 62% 77% 69% 

h e x a f l u o r o i sopropy1 methacrylate 89% 82% -
o c t a f i u o r o p e n t y l a e r y l a L e Ana. 

1 / Tj 
n n o. 62% 

i v ) . F r a c t i o n a t i o n of the block copolymers. 

Due to the low s o l u b i l i t y of the f l u o r o a l k y l a c r y l a t e s 

i n i c e c o l d methanol, and t h e i r enhanced s o l u b i l i t y i n hot methanol, 

i t was decided to attempt to separate the block copolymer from any 

homopoly(methyl methacrylate) formed i n the r e a c t i o n by s o x h l e t 

e x t r a c t i o n u s i n g methanol as the s o l v e n t . T h i s technique l e d to a 

s u c c e s s f u l f r a c t i o n a t i o n of methanol s o l u b l e (high f l u o r o a l k y l r a t i o ) 

and methanol i n s o l u b l e (low f l u o r o a l k y l r a t i o ) c o n s t i t u e n t s , as 

re v e a l e d by i n f r a r e d a n a l y s i s of the f r a c t i o n s (see appendix C ) . I n 

the case of poly(methyl m e t h a c r y l a t e - b - o c t a f l u o r o p e n t y l a c r y l a t e ) , 

the s e p a r a t i o n of the block copolymer from homopoly(methyl methacrylate 

was achieved more or l e s s completely a f t e r 96 hours, due to the 

r e l a t i v l y high s o l u b i l i t y of p o l y ( o c t a f l u o r o p e n t y l a c r y l a t e ) i n 
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methanol. L e s s w e l l d e f i n e d s e p a r a t i o n s were obtained f o r the 
other copolymers; f l u o r i n a t e d components being p r e s e n t , but to 
d i f f e r i n g p r o p o r t i o n s , i n the methanol s o l u b l e and i n s o l u b l e f r a c t i o n s 

A sample of poly(methyl methacrylate) was prepared by 

quenching the m a c r o r a d i c a l s , whose method of production was 

de s c r i b e d p r e v i o u s l y , i n acetone. I n t h i s way a low molecular 

weight polymer was prepared with an average chain length equal t o 

the hydrocarbon chain length i n the block copolymers prepared, and 

a l s o a molecular weight equal to any homopoly(methyl methacrylate) 

byproduct formed during the block c o p o l y m e r i s a t i o n s . T h i s m a t e r i a l 

was not e x t r a c t e d under the c o n d i t i o n s used to f r a c t i o n a t e the 

block copolymers, and t h e r e f o r e i t was assumed t h a t the product 

e x t r a c t e d from the crude copolymers contained no homopoly(methyl 

m e t h a c r y l a t e ) . However, i n f r a r e d a n a l y s i s of the methanol s o l u b l e 

f r a c t i o n s of the block c o p o l y m e r s s h o w e d the presence of 

methyl methacrylate i n the samples. T h i s could not be homopolymer 

as t h i s was shown p r e v i o u s l y not to e x t r a c t , t h e r e f o r e the 

methyl methacrylate p r e s e n t i n the f r a c t i o n s must be c h e m i c a l l y 

combined w i t h the fluoromonomer i n the polymers. S i n c e the methyl 

methacrylate m a c r o r a d i c a l s were formed p r i o r to the i n t r o d u c t i o n 

of f l u o r o a l k y l monomer, then the arrangement of the monomers i n 

the polymer c h a i n can only be i n the form of b l o c k s . 



CHAPTER IV 

POLYMER CHARACTERISATION. 
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4.1. I n t r o d u c t i o n . 

The polymers, prepared as d e s c r i b e d i n the previous 

chapter, were c h a r a c t e r i s e d by a v a r i e t y of techniques. D i l u t e 

s o l u t i o n v i s c o s i t y measurements and g e l permeation chromatography 

were used to e s t a b l i s h molecular weights. A n a l y s i s of the 

i n f r a r e d s p e c t r a of the m a t e r i a l s e s t a b l i s h e d the mode of 

p o l y m e r i s a t i o n as a d d i t i o n ( l o s s of v i n y l i c C = C s t r e t c h i n g , 

a l l o t her absorbtion f r e q u e n c i e s remaining i n t a c t ) , and f o r the 

homopolymers, t h i s was confirmed by elemental a n a l y s i s . Nmr 

spectroscopy was used i n two" r e s p e c t s ; proton magnetic 

resonance a l l o w i n g the r e l a t i v e amounts of methyl methacrylate 

and f l u o r o a l k y l a c r y l a t e and methacrylate monomers inc o r p o r a t e d 

i n t o the copolymers to be e s t a b l i s h e d (elemental a n a l y s i s was 
19 

a l s o used f o r t h i s purpose); F nmr proved u s e f u l i n 

d i s t i n g u i s h i n g between block and random copolymers by a 

comparison of chemical s h i f t s . The s u r f a c e f r e e e n e r g i e s of 

polymer f i l m s were determined by c o n t a c t angle measurements. 

The r e s u l t s of the i n d i v i d u a l c h a r a c t e r i s a t i o n 

techniques are recorded i n t h i s chapter, t h e i r i m p l i c a t i o n s 

and c o n c l u s i o n s drawn w i l l be mentioned i n the l a s t chapter, 

together with suggestions f o r f u r t h e r work. 

4.2. Molecular weight determination. 

i ) . By v i s c o s i t y . 

I n t r i n s i c v i s c o s i t i e s were determined f o r the 

homopolymers i n s o l u t i o n (chloroform f o r poly(methyl methacrylate) 

and o(,o(,f*-trifluorotoluene f o r the fluoropolymers) u s i n g a 

Ubbelohde d i l u t i o n viscometer w i t h a s o l v e n t e f f l u x time 

g r e a t e r than 100 seconds. A l l measurements were taken a t 

25.00° - .01°. The r e s u l t s are presented i n t a b l e 4.1. 
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i i i ) . Gel permeation chromatography. 

T h i s r e c e n t l y developed technique, i n which polymers 

are e l u t e d from a chromatography column as a f u n c t i o n of t h e i r 

molecular weight, depends f o r i t s a p p l i c a t i o n on p r i o r c a l i b r a t i o n 

w i th standard samples c h a r a c t e r i s e d p r e v i o u s l y by absolute 

techniques. I n favourable c a s e s , i t provides d e t a i l e d information 

on molecular weight and molecular weight d i s t r i b u t i o n ; however, 

f o r novel m a t e r i a l s , r e l i a b l e r e s u l t s w i l l o n l y be obtained where 

the s o l u t i o n behaviour of the t e s t polymer c l o s e l y resembles t h a t 

of the c a l i b r a t i n g polymer. C h a n g ^ 0 obtained good r e s u l t s when he 

used gpc to a n a l y s e a block copolymer of s t y r e n e and butadiene; 

however,for the f l u o r o a l k y l polymers d i s c u s s e d here, d i f f i c u l t i e s 

were met. I n s e v e r a l c a s e s , l i t t l e or no response was obtained from 

the r e f r a c t i v e index d e t e c t i o n system used. T h i s , a l l i e d to the 

f a c t t h a t the column i s c a l i b r a t e d w ith r e s p e c t to the behaviour 

of p o l y s t y r e n e , suggests that the r e s u l t s must be t r e a t e d w i t h 

c a u t i o n . The r e s u l t s obtained f o r the homopolymers are given i n 

t a b l e 4.1, those f o r the block copolymers i n t a b l e 4.5. 

Table 4.1. 

1 I n t r i n s i c Molecular weight 

Polymer v i s c o s i t y a b 
v i s c o s i t y G.p.c. 

1) poly(methyl m e t h a c r y l a t e ) 0 11.14 1.61xl0 4 1 . 2 x l 0 4 

2) p o l y ( 2 , 2 , 2 - t r i f l u o r o e t h y l 
a c r y l a t e ) 

1.14 1 6 . 6 x l 0 6 

3) 
» • 

p o l y ( 2 , 2 , 2 - t r i f l u o r o e t h y l 
methacry1ate) 

1.84 2 5 . 7 x l 0 6 0 . 5 9 x l 0 5 

4) poly(1,1,1,3,3,3-hexafluoro-
i s o p r o p y l a c r y l a t e ) 

0.94 2 . 9 4 x l 0 S 

5) poly(1,1,1,3,3,3-hexafluoro-
methacrylate) 

0.64 3 . 9 1 x l 0 6 

6) poly(2,2,3,3,4,4,5,5-octa-
f l u o r o p e n t y l a c r y l a t e ) 

1.17 10.58xl0 6 0 . 6 9 x l 0 5 

7) poly(methyl m e t h a c r y l a t e ) ^ 1.45 1.25xl0 3 
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a The i n t r i n s i c v i s c o s i t y i s determined by p l o t t i n g 

s p e c i f i c v i s c o s i t y 
and 

i n h e r e n t v i s c o s i t y 

c o n c e n t r a t i o n 
v e r s u s c o n c e n t r a t i o n 

-3 

c o n c e n t r a t i o n 

and e x t r a p o l a t i n g both curves back to i n f i n i t e d i l u t i o n . The 

common i n t e r c e p t a t zero c o n c e n t r a t i o n i s the v a l u e of the 

i n t r i n s i c v i s c o s i t y ,\fQ 

k The molecular weight i s determined from a knowledge of the 

i n t r i n s i c v i s c o s i t y by the use of the Mark-Houwink equation: 

Lrp = K. M 

where K and °( are c o n s t a n t s f o r the given system. 

For poly(methyl methacrylate) i n chloroform, K= 4.8x10 

and °^ =0.8 . For the fluorocarbon polymers i n ° ^ p ( p ( - t r i f l u o r o -

toluene, K = 1 . 3 x l O - 4 and = 0.56* 8 2 

c The data r e f e r to emulsion polymerised methyl m e t h a c r y l a t e . 

^ The data r e f e r to quenched poly(methyl m e t h a c r y l a t e ) . 

4.3. S p e c t r o s c o p i c data. 

i ) . I n f r a r e d a n a l y s i s . 

Polymer s o l u t i o n s i n acetone (about 1% w/v) were 

slowly evaporated i n t u r n from a sodium c h l o r i d e p l a t e . The 

r e s i d u a l polymer f i l m was g e n t l y warmed w i t h a hot a i r blower to 

remove any t r a c e s of s o l v e n t , and s p e c t r a were recorded on the 

t h i n f i l m thus formed. The s p e c t r a obtained are reproduced i n 

the appendix. The main f u n c t i o n a l group absorbance f r e q u e n c i e s 

namely the carbon-hydrogen s t r e t c h i n g f r e q u e n c i e s , the c a r b o n y l 

and the v i n y l i c C=C s t r e t c h and the c a r b o n - f l u o r i n e a b s o r b t i o n s 

are l i s t e d i n t a b l e 4.2. The d i f f e r e n c e s i n the carbonyl 

s t r e t c h i n g f r e q u e n c i e s of the monomers can be e x p l a i n e d i n terms 

of the e l e c t r o n i c e f f e c t s of the neighbouring groups. The 

f l u o r o a l k y l moiety has a strong e l e c t r o n withdrawing e f f e c t on 

the carbonyl; w h i l e , the i n t r o d u c t i o n of a +1 methyl group on 
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going from a c r y l a t e to me t h a c r y l a t e , i n c r e a s e s the e l e c t r o n 

d e n s i t y a s s o c i a t e d w i t h the a d j a c e n t c a r b o n y l . T h e r e f o r e , the 

i n c r e a s e d carbonyl s t r e t c h i n g frequency, on going from methyl 

methacrylate to the f l u o r o a l k y l m e t h a c r y l a t e s , and from the 

methacrylate to the corresponding a c r y l a t e i s as expected. 

Another p o i n t of i n t e r e s t i s the u p f i e l d carbonyl absorbtion 

s h i f t f o l l o w i n g p o l y m e r i s a t i o n of the monomers. T h i s o b s e r v a t i o n 

i s i n l i n e w i t h e x p e c t a t i o n and i s due to the l o s s of conjugation 

i n the polymer as the v i n y l i c C = C , formerly a l l o w i n g e l e c t r o n i c 

d e l o c a l i s a t i o n , i s consumed i n the p o l y m e r i s a t i o n r e a c t i o n . The 

s a t u r a t i o n of the C = C during p o l y m e r i s a t i o n i s a l s o demonstrated 

by the l o s s of the s t r e t c h i n g frequency a t 1640 cm -* on going 

from monomer to polymer. 

i i ) . Nmr a n a l y s i s . 

Nmr has been used i n two ways i n the c h a r a c t e r i s a t i o n 

of t h e s e m a t e r i a l s . 

For the case of methyl methacrylate and h e x a f l u o r o -
19 

i s o p r o p y l a c r y l a t e , d i f f e r e n c e s i n the F chemical s h i f t s were 

used t o d i s t i n g u i s h between random and block copolymers. Both 

copolymer samples had a monomer r a t i o of l ; t h a t i s , equal amounts 

of f l u o r i n a t e d and n o n - f l u o r i n a t e d monomers. The c e n t r e of the 

broad s i g n a l observed f o r the block copolymer (14.39 ppm 

downfield from C F C l ^ was almost c o i n c i d e n t w i t h t h a t f o r the 

homopolymer of h e x a f l u o r o i s o p r o p y l a c r y l a t e (14.33 ppm) s i n c e 

the -CFg groups i n the block and homopolymer a r e i n c h e m i c a l l y 

s i m i l a r environments. The s i g n a l from the random copolymer, 

however, was s h i f t e d downfield (14.89ppm) w i t h r e s p e c t to the 

block and homopolymer, confirming the d i f f e r e n t environment t h a t 

the -CF.j groups i n the random copolymer are e x p e r i e n c i n g . 

Monomer i n c o r p o r a t i o n could a l s o be determined from 

*H nmr data of the copolymers. Because of the h i g h l y e l e c t r o -
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n egative c h a r a c t e r of the p e r f l u o r o a l k y l groups, and the 

d e s h i e l d i n g e f f e c t a s s o c i a t e d w i t h t h i s , i t was a n t i c i p a t e d , and 

found, t h a t the protons of the fluoromonomers i n c o r p o r a t e d 

w i t h i n the copolymers g e n e r a l l y absorbed downfield from those 

of the methyl methacrylate u n i t s . Then, i n t e g r a t i n g s u f f i c i e n t l y 

w e l l r e s o l v e d s i g n a l s from each c o n s t i t u e n t , w i t h regard to the 

number of protons i n resonance, an e s t i m a t i o n of the monomer 

i n c o r p o r a t i o n r a t i o f o r the copolymer may be made. R e s u l t s of 

t h i s a n a l y s i s , and a comparison w i t h the r e s u l t s obtained by 
elemental a n a l y s i s , i s given i n t a b l e 4.3. 

Table 4.3. 

Polymer a 
Mole % fluoromonomer i n c o r p o r a t i o n . 

Polymer a 

Elemental a n a l y s i s Nmr a n a l y s i s 

poly(tfea-b-mma) 88.8% 83.7% 

poly(tfem-b-mma) 69.6% 70.8% 

poly(hfpa-b-mma) 52.0% 50.2% 

poly(ofpa-b-mma) 68.3% 71.8% 

a A guide to a b b r e v i a t i o n s i s given a t the f r o n t of t h i s t h e s i s . 

The d i f f e r e n c e s i n the r e s u l t s obtained by u s i n g the 

two methods are probably due to the inh e r e n t d i f f i c u l t i e s of 

i n t e g r a t i n g broadened peaks t h a t are c h a r a c t e r i s t i c of polymeric 

m a t e r i a l s . 

4.4.i Elemental a n a l y s i s . 

R e s u l t s f o r the homopolymers are given i n t a b l e 4.4a 

and confirm t h a t the m a t e r i a l s were a d d i t i o n polymers. 

By determining the %F i n the copolymers, an e s t i m a t i o n 

of the methyl methacrylate : f l u o r o a l k y l e s t e r i n c o r p o r a t i o n 

i n the copolymers may be made. R e s u l t s of such a n a l y s i s a r e 

given i n t a b l e 4.4b. 
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Table 4.4a. 

Polymer Element C a l c u l a t e d Found 

1 ) . poly(methyl methacrylate) Carbon 
Hydrogen 
Oxygen 

59.98 59.79 
8.05 7.71 

31.96 32.50 

2 ) . p o l y ( 2 , 2 , 2 - t r i f l u o r o -
e t h y l a c r y l a t e ) 

Carbon 
Hydrogen 
Oxygen 
F l u o r i n e 

38.97 39.21 
3.27 2.97 

20.77 20.42 
36.99 37.40 

3 ) . p o l y ( 2 , 2 , 2 - t r i f l u o r o -
e t h y l methacrylate) 

Carbon 
Hydrogen 
Oxygen 
F l u o r i n e 

42.87 42.81 
4.20 4.33 

19.03 18.62 
33.90 34.24 

4 ) . poly(1,1,1,3,3,3-hexafluoro-
i s o p r o p y l a c r y l a t e ) 

Carbon 
Hydrogen 
Oxygen 
F l u o r i n e 

32.45 32.21 
1.82 1.84 

14.41 14.48 
51.33 51.47 

5 ) . p o l y ( l , 1 , 1 , 3 , 3 , 3 - h e x a f l u o r o -
i s o p r o p y l methacrylate) 

Carbon 
Hydrogen 
— u -j — 
F l u o r i n e 

35.61 35.84 
2.56 2.39 

13.55 13.31 
48.28 48.26 

6 ) . poly(2,2,3,3,4,4,5,5-octa-
f l u o r o p e n t y l a c r y l a t e ) 

Carbon 
TJ t r/̂  -v» ̂ > <-» O >̂  

Oxygen 
F l u o r i n e 

33.58 33.44 
2.11 2,23 

11.18 11.37 
53.12 52.96 

Table 4.4b. 

P o l y m e r s 3 

Block copolymer Random copolymer 

P o l y m e r s 3 %F; %fluoropolym %F; %fluoropolym 

poly(mma) and p o l y ( t f e a ) 

poly(mma) and poly(tfem) 

poly(mma) and poly(hfpa) 

poly(mma) and poly(hfpm) 

poly(mma) and poly(ofpa) 

32.85%; 88.8"0% 

23.58%; 69.66% 

26.68%; 51.98% 

36.29%; 68.32% 

19.73%; 53.33% 

20.31%; 59.90%. 

26.45%; 51.53% 

24.02%; 49.72% 

25.59%; 48.17% 

a A guide to a b b r e v i a t i o n s i s given a t the f r o n t of t h i s t h e s i s . 
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For the block copolymers, the molecular weight of the 

methyl methacrylate block i s known from a study of the quenched 

m a c r o r a d i c a l s , which terminate mainly by d i s p r o p o r t i o n a t i o n ; 

t h e r e f o r e , knowing the mole percentage i n c o r p o r a t i o n of 

fluoromonomer, the molecular weight of the block copolymer may 

be c a l c u l a t e d . R e s u l t s are given i n t a b l e 4.5 together w i t h 

those obtained by gpc a n a l y s i s . 

Table 4.5. 

Polymer 3 C a l c u l a t e d m.wt. M.wt. by gpc 

poly(mma-b-tfea) 16 . 6 9 x l 0 3 3 
28.5x10 

poly(mma-b-tfem) 5.8 4 x l 0 3 

poly(mma-b-hfpa) 4.2 5 x l 0 3 

poly(mma-b-ofpa) 8.96xl0 3 8.93xl0 3 

° A guide to a b b r e v i a t i o n s i s given a t the f r o n t of t h i s t h e s i s . 

.5. S u r f a c e c h a r a c t e r i s a t i o n . 

i ) . I n t r o d u c t i o n . 

From the viewpoint of t h i s work, the s u r f a c e 

p r o p e r t i e s of the polymers a r e of g r e a t i n t e r e s t i n the 

c h a r a c t e r i s a t i o n s t u d i e s . The f l u o r o a l k y l e s t e r polymers have 

low s u r f a c e e n e r g i e s , thought to be due to ver y low Van der Waals 

f o r c e s , common to h i g h l y f l u o r i n a t e d substances; i n f a c t , 

s u r f a c e s comprised of -CF^ groups have the lowest w e t t a b i l i t y 
181 

observed f o r any substances. 

D i r e c t determination of s u r f a c e f r e e energy i s not 

easy, and i t i s common p r a c t i c e to use an e x t r a p o l a t i o n technique. 

A drop of a non-wetting l i q u i d on a h o r i z o n t a l s u r f a c e i s 

repre s e n t e d i n the diagram over the page. 
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B 

B 

S i n c e the system i s a t e q u i l i b r i u m , the f o r c e s a c t i n g 

p a r a l l e l to the s u r f a c e can be equated, hence: 

OA - L + I ! B C O S ° 

where ^ are s u r f a c e t e n s i o n s and G i s the c o n t a c t angle. 

For an homologous s e r i e s of l i q u i d s , ^ Q can be obtained 

from t a b l e s , and Q can be measured. At the p o i n t where the l i q u i d 

j u s t wets the s o l i d , i s equal to ^ B ; consequently, e x t r a p o l a t i o n 

of a s e r i e s of measurements to © = 0 i . e . cos 0 = 1 g i v e s a 

v a l u e of the s u r f a c e t e n s i o n of the s o l i d . T h i s approach, 
202 

introduced by Zisman g i v e s a value of the " c r i t i c a l s u r f a c e 

t e n s i o n " which has been widely used as an approximation of the 

s u r f a c e f r e e e n e r g i e s of s o l i d s . Wu^*° confirmed t h i s by 

comparing s u r f a c e t e n s i o n s of s o l i d polymers obtained by c o n t a c t 

angle measurement w i t h those determined by d i r e c t measurements 

on molten polymers. 

Attempts to c o r r e l a t e s u r f a c e behaviour w i t h bulk 
203-7 

p r o p e r t i e s have been made, but q u a n t i t a t i v e r e l i a b i l i t y to 

date i s low; however, these t h e o r e t i c a l s t u d i e s , as w e l l as 
e m p i r i c a l work, i n d i c a t e t h a t the energy of a s u r f a c e depends 
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upon the number and types of chemical groups comprising i t . 
181 

Pittman e t a l examined w e t t i n g p r o p e r t i e s of f l u o r o a l k y l 

a c r y l a t e s and methacrylates and found t h a t , g e n e r a l l y , 

m o d i f i c a t i o n s i n the pendant f l u o r o a l k y l group a f f e c t e d the 

c r i t i c a l s u r f a c e t e n s i o n , ^ c - I n f a c t , jf̂  was i n c r e a s e d : 

a) by s u b s t i t u t i n g F w i t h C l or H, 

b) as the fluorocarbon group i s removed from the 

proximity of the polymer backbone by i n t e r v e n i n g methylene groups, 

c) on going from i s o - to n-propyl p e r f l u o r o p o l y a c r y l a t e s 

and d) by d e c r e a s i n g the fluorocarbon c h a i n l e n g t h . 

Refinements and m o d i f i c a t i o n s of methods of determining s u r f a c e 
208 209 

f r e e e n e r g i e s appear i n the l i t e r a t u r e , ' however, the 

simple approach o u t l i n e d above was adequate f o r the requirements 

of t h i s work. 

i i ) , M a t e r i a l s . 

Two s e r i e s of l i q u i d s were used, the to and 

^16 n " a ^ c a n e s t n e C 5 t o Cg and C^Q s t r a i g h t c h a i n 1° a l c o h o l s . 

A l l were obtained from B.D.H. Laboratory reagents and a l l were 

used without f u r t h e r p u r i f i c a t i o n , 

i l l ) . E xperimental. 

Polymer s u r f a c e s were prepared by immersing 

s c r u p u l o u s l y c l e a n microscope s l i d e s (washed w i t h n i t r i c a c i d 

and detergent, followed each time w i t h r i n s i n g w i t h d e i o n i s e d 

Water) i n about 1% s o l u t i o n s of the polymers i n acetone. The 

s l i d e was removed v e r t i c a l l y and the s o l v e n t was allowed to 

evaporate s l o w l y . Complete removal of s o l v e n t was achieved by 

drying the s l i d e s f o r s e v e r a l hours under reduced p r e s s u r e 

(0.1 mm. Hg; ambient temperature). 

Contact angles were measured with a t r a v e l l i n g 

microscope, a f t e r c a l i b r a t i n g w i t h p o l a r graph paper. The 
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r o t a t i n g eye p i e c e was s e t t o a l i g n the c r o s s - h a i r s h o r i z o n t a l l y 

and i t s p o s i t i o n marked, then, by r o t a t i n g through 10° a t a 

time, and marking o f f the l i n e a r s c a l e attached to the 

instrument, the microscope was c a l i b r a t e d to read to the 

n e a r e s t degree. The t e s t l i q u i d was dropped onto the h o r i z o n t a l 

polymer s u r f a c e , allowed to e q u i l i b r a t e f o r 2 minutes and the 

contac t angle measured on both s i d e s of the drop. The reading 

was averaged f o r three drops; the process being repeated f o r 

each l i q u i d and each s u r f a c e , 

i v ) . R e s u l t s . 

A t y p i c a l graph obtained by p l o t t i n g c o s i n e of the 

contac t angle v e r s u s the s u r f a c e t e n s i o n of the t e s t l i q u i d s 

( i n t h i s case the n-alkanes) i s given i n f i g u r e 4.1 f o r 

p o l y ( h e x a f l u o r o i s o p r o p y l a c r y l a t e ) and i t s copolymers (ca. 50:50) 

w i t h methyl methacrylate. R e s u l t s f o r a l l the polymers a r e 

given i n t a b l e 4=6= The f i r s t f i g u r e i n each column i s the 

va l u e obtained f o r the c r i t i c a l s u r f a c e t e n s i o n when u s i n g the 

n-alkanes as the t e s t i n g l i q u i d s , the f i g u r e i n b r a c k e t s i s 

t h a t obtained from the s t r a i g h t c h a i n primary a l c o h o l s . 

A f u r t h e r t e s t was dev i s e d to examine how the s u r f a c e 

f r e e energy of p o l y ( t r i f l u o r o e t h y l a c r y l a t e ) and i t s block and 

random copolymers with methyl methacrylate v a r i e d on " d i l u t i o n " 

w i t h poly(methyl m e t h a c r y l a t e ) . Mixtures of the fluoropolymers 

and poly(methyl methacrylate) were d i s s o l v e d i n acetone and 

t h i n f i l m s , prepared as d e s c r i b e d p r e v i o u s l y , were examined and 

t h e i r s u r f a c e f r e e e n e r g i e s determined. R e s u l t s are given i n 

t a b l e s 4.7a, 4.7b, and 4.7c. The f i r s t column of f i g u r e s i n the 

s u r f a c e energy group are the r e s u l t s obtained by u s i n g n-alkanes 

as the t e s t l i q u i d s , those i n b r a c k e t s a r e the r e s u l t s from the 

t e s t s u s i n g 1° a l c o h o l s . 

m 
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Fiqure 4.1 

oly(hfpa-r-mma) 

2b p o l y ( h f p a ) 

0] 

T3 

>4-( 

Cosine 0.5 1.0 

I n t e r c e p t s : 

p o l y ( h e x a f l u o r o i s o p r o p y l a c r y l a t e ) 18.5d.cm 

p o l y ( h e x a f l u o r o i s o p r o p y l acrylate-b-methyl methacrylate) 18.8d.cm 

p o l y ( h e x a f l u o r o i s o p r o p y l a c r y l a t e - r - m e t h y l methacrylate) 21.Id.cm 
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Table 4.7a. 

a ) . D i l u t i o n of h o m o p o l y ( t r l f l u o r o e t h y l a c r y l a t e ) . 

S l i d e % t f e a . S u r f a c e _2 
energy (dynes cm ) 

1 91.4% 20.9 (24.2) 

2 81.9% 21.5 (24.1) 

3 37.1% 22.0 (24.6) 

4 27.2% 22.1 (24.8) 

5 14.3% 22.3 (24.5) 

6 9.0% 22.2 ((23.9) 

Table 4.7b. 

b ) . D i l u t i o n of p o l y ( t r i f l u o r o e t h y l a c r y l a t e - b - m e t h y l m ethacrylate) 

S l i d e 

1 

2 
3 

4 

5 

6 

% t f e a . 

70.9% 

24.4% 

17.4% 

7.6% 

4.4% 

1.6% 

_2 
S u r f a c e energy (dynes cm ) 

21.1 

22.0 

22,2 

22. 9 

22.2 

22.3 

(25.6) 

(26.2) 

(26.2) 

(27,4) 

(26.2) 

(26.4) 

Table 4.7c. 

c ) . D i l u t i o n of p o l y ( t r i f l u o r o e t h y l a c r y l a t e - r - m e t h y l m e t hacrylate) 

S l i d e % t f e a . S u r f a c e _2 
energy (dynes cm ) 

1 46.5% 22.1 (25.8) 

2 24.5% 25.1 (27.4) 

3 13.3% 25.2 (27.7) 

4 1.8% 26.0 (28.8) 



CHAPTER V 
DISCUSSION, CONCLUSIONS AND SUGGESTIONS FOR FURTHER WORK. 
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The work reported i n t h i s t h e s i s was c a r r i e d out i n 

an attempt to answer two ques t i o n s :-

i ) . I s i t p o s s i b l e to prepare block copolymers of 

methyl methacrylate and f l u o r o a l k y l a c r y l a t e and methacrylate 

u s i n g the l i v i n g m a c roradical technique? 

i i ) . Assuming such m a t e r i a l s can be made, what w i l l 

t h e i r s u r f a c e p r o p e r t i e s be, and what f a c t o r s w i l l c o n t r o l the 

a n t i c i p a t e d s u r f a c e segregation of the f l u o r i n a t e d b l o c k s ? 

The time a v a i l a b l e f o r the work i n e v i t a b l y makes 

t h i s only a p r e l i m i n a r y survey of these q u e s t i o n s , however, the 

r e s u l t s reported i n chapters I I I and IV demonstrate unambiguously 

t h a t the answer to the f i r s t q u estion i s ye s . Considerable work 

remains to be done to improve c o n t r o l over molecular weight and 

block length of the copolymers s y n t h e s i s e d , i n order t h a t 

s u i t a b l e m a t e r i a l s may be prepared to i n v e s t i g a t e the second 

que s t i o n i n more d e t a i l ; n e v e r - t h e - l e s s , i t has c l e a r l y been 

e s t a b l i s h e d t h a t the l i v i n g m a c r o r a d i c a l technique f o r p r e p a r i n g 

block copolymers i s a p p l i c a b l e to the systems i n v e s t i g a t e d here. 

I n the s y n t h e t i c procedure used, the methyl m e t h a c r y l a t e 

block length was predetermined, s i n c e the ma c r o r a d i c a l 

p r e c i p i t a t e d from the poor s o l v e n t , hexane, i n a r e s t r i c t e d 

molecular weight range. Choice of a l t e r n a t i v e poor s o l v e n t s 

would allow d i f f e r e n t block lengths to be obtained and t h i s would 

m e r i t a t t e n t i o n i n any extension of the work. V a r i a t i o n of the 

f l u o r o a l k y l a c r y l a t e block length, not i n v e s t i g a t e d i n t h i s study, 

could presumably be achieved by v a r y i n g the proportion of monomer 

added to the system i n the second s t a g e . 

Some aspects of the c h a r a c t e r i s a t i o n of the m a t e r i a l s 

could be improved, or made more e x p e r i m e n t a l l y convenient. The 

determinations of monomer i n c o r p o r a t i o n d e s c r i b e d e a r l i e r appear 

s a t i s f a c t o r y , although f u t u r e workers on the p r o j e c t may f i n d 

p y r o l y s i s - g a s l i q u i d chromatography an e f f e c t i v e technique f o r 
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r o u t i n e a n a l y s i s . Separation of the product i n t o homopolymer and 

block copolymer f r a c t i o n s i s another area where f u r t h e r c o n s i d e r a t i o n 

i s needed, i f a d e t a i l e d understanding of the formation of a 

block copolymer i s to be achieved; although, from the viewpoint 

of o b t a i n i n g the r e q u i r e d s u r f a c e e f f e c t , i t i s probably not 

n e c e s s a r y to s e p a r a t e the v a r i o u s products (see l a t e r ) . 

P r e c i p i t a t i o n techniques may w e l l prove more e f f e c t i v e than the 

s o x h l e t e x t r a c t i o n used i n t h i s work. Improvement of the 

f r a c t i o n a t i o n techniques i s a matter of time and p a t i e n c e and 

p r e s e n t s few experimental d i f f i c u l t i e s . 

As expected, the homopolymers a l l had low s u r f a c e f r e e 
-2 

e n e r g i e s , ranging from 17.0 dynes cm. f o r p o l y ( h e x a f l u o r o i s o ­

propyl m e t h a c r y l a t e ) , c o n t a i n i n g two t e r m i n a l t r i f l u o r o m e t h y l 

groups per monomer u n i t , through p o l y ( t r i f l u o r o e t h y l a c r y l a t e ) , 

c o n t a i n i n g one t e r m i n a l t r i f l u o r o m e t h y l group per u n i t , to 

p o l y ( o c t a f l u o r o p e n t y l a c r y l a t e ) which had the h i g h e s t f r e e 
-2 

energy a t 20.5 dynes cm. , and c o n t a i n i n g a t e r m i n a l -CFjH 

group w i t h t h r e e difluoromethylene groups i n the f l u o r o a l k y l 

s i d e c h a i n . These r e s u l t s are q u a l i t a t i v e l y i n good agreement 
181 

with those reported by Pittman and co-workers. 

The c r i t i c a l s u r f a c e e n e r g i e s f o r the block copolymers, 

prepared and f r a c t i o n a t e d as d e s c r i b e d i n chapter I I I , show a 

remarkable s i m i l a r i t y to the homopolymers, i n d i c a t i n g t h a t the 

expected s e g r e g a t i o n of f l u o r o a l k y l groups a t the s u r f a c e o c c u r s . 
_2 

Poly(methyl methacrylate) has a s u r f a c e energy of 39 dynes cm. 

and would be r e a d i l y detected s i n c e a l l the t e s t l i q u i d s used 

would spread on i t ? 1 0 

The random copolymers, on the other hand, have hi g h e r 

s u r f a c e e n e r g i e s than e i t h e r the corresponding block copolymer or 

homopolymer. Here, the f l u o r o a l k y l e s t e r u n i t s a r e d i s p e r s e d 

randomly throughout the polymer molecule and consequently s u r f a c e segregation i s not so r e a d i l y p o s s i b l e , as a r e s u l t , the s u r f a c e 
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composition w i l l be a mixture of f l u o r o a l k y l and a l k y l groups, and 

t h i s i s r e f l e c t e d i n the higher v a l u e s of the s u r f a c e e n e r g i e s 

measured. D i f f e r e n c e s between s u r f a c e energies f o r homo, random 

and block copolymers of o c t a f l u o r o p e n t y l a c r y l a t e are not observed, 

(see t a b l e 4.6). T h i s may be due to a l e s s random d i s t r i b u t i o n 

through the supposed random copolymer s t r u c t u r e ; any b l o c k s o f 

monomer i n the random copolymer would allow s u r f a c e s e g r e g a t i o n , 

which would account f o r t h i s o b s e r v a t i o n . A l t e r n a t i v e l y , the 

f l u o r i n e s u r f a c e migration may be more e a s i l y f a c i l i t a t e d 

because of the r e l a t i v e l y long f i u o r o a l k y l s i d e c h a i n s . Migration 

of these c h a i n s , even randomly d i s p e r s e d through the m a t r i x , may 

give a s u r f a c e r i c h i n f l u o r i n a t e d groups, thus endowing i t w i t h 

a low s u r f a c e f r e e energy. The ambiguity could be r e s o l v e d by 

determining r e a c t i v i t y r a t i o s f o r the fluoromonomer i n r e l a t i o n 

to methyl methacrylate i n order to determine the l i k e l y l e n g t h of 
211 

any block sequence i n the random copolymers. 

The s u r f a c e e n e r g i e s measured f o r f i l m s of 

homopoly. (.trif l u o r o e t h y l a c r y l a t e ) and the block and random copolymers 

of t r i f l u o r o e t h y l a c r y l a t e w i t h methyl methacrylate p r o g r e s s i v e l y 

d i l u t e d with poly(methyl m e t h a c r y l a t e ) , (see t a b l e s 4.7a,b and c) 

me r i t f u r t h e r d i s c u s s i o n . As would be expected, c a s t i n g f i l m s from 

s o l u t i o n s c o n t a i n i n g mixtures of p o l y ( t r i f l u o r o e t h y l a c r y l a t e ) and 

poly(methyl methacrylate) r e s u l t s i n complete s e g r e g a t i o n of the 

f l u o r i n a t e d m a t e r i a l a t the s u r f a c e ( t a b l e 4.7a). S i m i l a r l y , i t 

was found t h a t the block copolymer presented an e s s e n t i a l l y 

f l u o r i n a t e d s u r f a c e , even when d i l u t e d to the po i n t where t h e r e 

was only 1.6 mole % of the f l u o r i n a t e d monomer l e f t . The random 

copolymer, however, shows a marked i n c r e a s e i n c r i t i c a l s u r f a c e 

energy as the proportion of poly(methyl m e t h a c r y l a t e ) , added as 

a d i l u e n t , i n c r e a s e s . T h i s r e f l e c t s the i n a b i l i t y of the randomly 

d i s p e r s e d f l u o r o a l k y l groups to s u r f a c e segregate e f f e c t i v e l y , 
even a t con c e n t r a t i o n s as high as 25 mole %. 
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On t h i s evidence, s u r f a c e segregation of the f l u o r i n a t e d 

b l o c k s , even a t low c o n c e n t r a t i o n s , o c c u r s , and can be monitored 

by r e l a t i v e l y u n s o p h i s t i c a t e d techniques. T h i s provides the 

beginning of an answer to the second question asked i n the opening 

paragraph of the chapter. A more d e t a i l e d examination of t h i s 

q u e s t i o n would, i n the f i r s t p l a c e , r e q u i r e the s y n t h e s i s of more 

copolymers, as o u t l i n e d e a r l i e r . 

I n t h i s work i t has been demonstrated t h a t the m a t e r i a l s 

i n i t i a l l y sought can be prepared by a r e l a t i v e l y s t r a i g h t f o r w a r d 

method and the s u r f a c e p r o p e r t i e s a n t i c i p a t e d f o r such m a t e r i a l s 

have been demonstrated. 



Erratum, p.69 

Infrared spectra 

were recorded on a Perkin-Elmer 197 Spectrophotometer as l i q u i d 

films (monomers) or thin films cast from solution (polymers). 

Nuclear magnetic resonance spectra 
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Vacuum system. 

A i r s e n s i t i v e substances were handled and,polymers d r i e d 

i n a conventional vacuum system i n c o r p o r a t i n g a r o t a r y o i l pump. 

Mass s p e c t r a 

were measured w i t h an A . E . I . MS9 spectrometer a t an 

i o n i s i n g beam energy of 70 eV. 

I n f r a r e d s p e c t r a 

were run on a Bruker S p e c t r o s p i n HX90E high r e s o l u t i o n 
19 

nmr spectrometer (operating a t 84.64 MHz. f o r F and 90.0MHz. 

f o r ''"H s p e c t r a ) . 

G a s - l i q u i d chromatography. 

An a n a l y t i c a l Pye Unicam GCD gas chromatography u s i n g 

n i t r o g e n as c a r r i e r gas and a flame i o n i s a t i o n d e t e c t o r was used. 

Column A i s 2.0 m x 5 mm. w i t h a s t a t i o n a r y phase of 

d i - n - d e c y l p h t h a l a t e / C e l i t e , 1»2. 

Elemental a n a l y s i s . 

Carbon and hydrogen e s t i m a t i o n was c a r r i e d out w i t h a 

Perkin-Elmer 240 CHN a n a l y s e r , f l u o r i n e percentages were obtained 

by potassium f u s i o n w i t h subsequent t i t r a t i o n and oxygen was 

c a l c u l a t e d by d i f f e r e n c e . 

Gel permeation chromatography. 

A n a l y s i s was c a r r i e d out a t the Rubber and P l a s t i c s 

Research A s s o c i a t i o n a t Shrewsbury. Molecular weights quoted a r e 

number averages, and are computed as 'polystyrene e q u i v i l e n t " 

m a t e r i a l s . The system uses THF as s o l v e n t and uses a r e f r a c t i v e 

index d e t e c t o r . 
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The mass s p e c t r a of the monomers a r e ta b u l a t e d below. 

Ions a r e w r i t t e n i n the form: 

50(50%, C x H y F z , P-C aH bF cO d) 

and d e s c r i b e s an ion of mass number 50, and i n t e n s i t y 50% of t h a t 

of the base peak of the spectrum. I t has been assigned the formula 
C H F* (the p o s i t i v e charge being understood) and i t s o r i g i n has x y z. 
been i n t e r p r e t a t e d as l o s s of ^^Q^I^Q0^ from the parent ion ( P ) . 

The base peak i s l a b e l l e d B. 

1 ) . 2 , 2 , 2 - t r i f l u o r o e t h y l a e r y l a t e . 

154(3.2% , C 5 H 5 0 2 F 3 , Pa r e n t ) 

83(12.9%, C 2 H 2 F 3 , P-C 3H 30 2) 

69(3.6% , C F 3 , P-C 4H 50 2) 

56(7.1% , C 2 0 2 , P-C 3H 5F 3) 

B.55(100% , C,H-,0, P-C oH 90F 3) 

280.7.9%. C!0. P - C ,H_0F-) 

2 ) . 2, 2', 2 - t r i f l u o r o e t h y l methacrylate. 

168(23.6%, C 6 H 7 0 2 F 3 , Pa r e n t ) 

83(15.7%, C 2 H 2 F 3 , P-C 4H 50 2) 
ftQ (n A. 3% r>F /c H 0 p-r» u n / ~o-r u nv \ _-,...o7b, ^ r 3 / ^ 4 n 5 ^ , . ~ 5 " 7 U 2 ' * ^ 2 " ] ' 

B.41(100%, C 3H 5, P - C 3 H 2 0 2 F 3 ) 

39(44.3%, C 3H 3, P - C 3 H 4 0 2 F 3 ) 

28(32.9%, CO, P-C 5H 7OF 3) 
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3 ) . 1,1,1,3,3,3-hexafluoroisopropyl a c r y l a t e . 

222( 8.9%, C 6 H 4 ° 2 F 6 ' Parent) 

151( 6.1%, C 3HF 6, P-C 3H 30 2) 

69(34.1%, C F 3 , P"C 4H 40 2) 

B.55(100%, C 3H 30, P-C 3HOF 6) 

39( 8.2%, C 3 H 3 ' P-C 3H0 2F 6) 

27(34.2%, C 2H 3, P-C 4H0 2F 6) 

4 ) . 1,1,1,3,3,3-hexafluoroisopropyl m e t h a c r y l a t e . 

236(22.2%, C 7 H 6 0 2 F g , Parsnt) 

151(14.0%, C 3 H F g / P-C 4H 50 2) 

85(22.9%, C4H,.02, P-CjHFg) 

B.69(100%, CF 3/C 4H 50, P-C^HgO^P-C-jHOFg) 

41(45.6%, C,H_, P-C^HO^F,.) 

c w .- P-C «0„F,.) _, ~3 3' 4 3 2 6' 

5 ) . 2,2,3,3,4,4,5,5-octafluoropentyl a c r y l a t e . 

286(10.5%, C 8 H 6 ° 2 F 8 ' Parent) 

201(38.9%, C 4 H F 8 ' P -C 4H 50 2) 

84(17.4%, C 4H 40 2, P - C 4 H 2 F 8 ) • 
B.69(100%, C 4H 50, P -C 4H0Fg) 

55(83.1%, C 3H 30, P -C 5H 3OFg) 

27(23.0%, C 2H 3, P - C 6 H 3 ° 2 F 8 ) 
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