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AN INVESTIGATION OF PLASMA POLYMERIZATION 

AND COPOLYMERIZATION USING FLUOROAROMATIC COMPOUNDS 
by 

CLARE T I L L 

ABSTRACT 
The work detailed in t h i s thesis concerns polymers synthesised by 

R.F. inductively coupled plasmas excited i n fluorine containing monomer 
vapours. 

The structure and bonding in a s e r i e s of polymers prepared from per-
fluoroaromatic monomers by plasma polymerization was investigated by ESCA. 
The composition and s t r u c t u r a l features of these films were compared and 
contrasted with each other and with plasma polymers derived from the same 
parent compounds with lower degrees of fluorination. 

Optical emission spectra, ^260-600nm, from these plasmas were recorded 
and a correlation made between certain species fluorescing i n the gas phase 
and functional groups within the polymer. An association has also been 
made between the peaks at ̂ 280 and 'VSlQnm i n the o p t i c a l emission spectrum. 
Difluorocarbene i s responsible for the peak at ̂ 280nm but the peak at 
510nm has an unknown origin. 

The e f f e c t of copolymerizing a fluoroaromatic compound with a second 
component on polymer composition has been examined, where the comonomer has 
ranged from an i n e r t gas to an organic hydrocarbon analogue. Copolymer-
iza t i o n resulted i n a s t a b i l i s a t i o n of the rearrangement mechanisms normally 
associated with the plasma polymerization of a perfluoroarcmatic compound; 
CF=CF n and CF2 groups were greatly reduced i n in t e n s i t y in the copolymer. 
The binding energy of the CF-CF n peak indicated that the component peak was, 
in f a c t , due to CF-CF . . , i.e. copolymerization had also resulted i n a 

aromatic c J 

greater retention of the aromatic nature of the parent fluorocompound. 
Polymers were also prepared by i r r a d i a t i n g the monomer vapour with 

wavelengths Ssl30nm. Perf luorobenzene could not be polymerized with UV 
i r r a d i a t i o n of wavelengths greater than 200nm, but could however be polymer­
ized with wavelengths below 200nm. This produced a polymer whose composition, 
as determined by ESCA, was very s i m i l a r to the composition of plasma polymers 
derived from the same monomer indicating that the mechanisms involved i n both 
polymerizations are s i m i l a r . Vibrationally excited ground state perfluoro­
benzene i s thought to be involved in the reaction pathway. 
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AN INTRODUCTION TO PLASMA POLYMERIZATION 



3 

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

The term plasma d e s c r i b e s t h e s t a t e of an i o n i z e d gas 

(see below) w h i l s t plasma p o l y m e r i z a t i o n r e f e r s t o t h e form­

a t i o n of p o l y m e r i c m a t e r i a l s under t h e i n f l u e n c e of a p lasma. 

By d e f i n i t i o n a plasma r e f e r s to the p a r t i a l l y i o n i z e d 

gaseoue s t a t e c o n s i s t i n g of m o l e c u l e s , atoms and i o n s i n both 

ground and e x c i t e d s t a t e s ( i n c l u d i n g m e t a s t a b l e s t a t e s ) and 

e l e c t r o n s such t h a t t h e c o n c e n t r a t i o n of p o s i t i v e l y and nega­

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

n e u t r a l i t y . 

H i s t o r i c a l l y , t h e use of gas d i s c h a r g e s r e a l l y began i n 

the 18th c e n t u r y . Both the work of C rookes (1879) and 

Thomson (189 7) on the p r o p e r t i e s of cathode r a y s e m i t t e d from 

d i s c h a r g e t u b e s were c o n n e c t e d w i t h the d i s c o v e r y of the i n ­

d u c t i o n c o i l by Ruhemkroff i n 1851."*" These i n i t i a l e x p e r i m e n t s 

opened up t h e pathway f o r r e s e a r c h i n t o the n a t u r e of s u c h d i s ­

c h a r g e s . The r o l e of the e l e c t r o n c a u s i n g i o n i z a t i o n (of the 

gas m o l e c u l e s ) and c o n d u c t i o n and the n a t u r e of o t h e r c h a r g e d 

s p e c i e s p r e s e n t were e s t a b l i s h e d by t h e e a r l y 1900s. I n 
2 

1928 Langmuir c o i n e d the word plasma t o denote t h e s t a t e of 

i o n i z e d g a s e s formed i n an e l e c t r i c a l d i s c h a r g e . 
Plasmas a r e c h a r a c t e r i s e d by t h e i r e l e c t r o n d e n s i t y and 

the a v e r a g e e l e c t r o n energy; numerous forms of p l a s mas can be 

found, both i n n a t u r e and i n the l a b o r a t o r y dependent on t h e s e 
3 

two p a r a m e t e r s . F i g u r e 1.1 i n d i c a t e s t h e v a r i e t y of p l a s m a s 

known. Two t y p e s of plasma a r e of most i n t e r e s t t o c h e m i s t s , 

t h e s e a r e the 'hot' and ' c o o l ' p l a s m a s . 

The ' c o o l ' - a n o n - e q u i l i b r i u m - p l a s m a found i n a glow 

d i s c h a r g e e x p e r i m e n t , i s c h a r a c t e r i s e d by e l e c t r o n d e n s i t i e s 
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i n the range 10 -10 cm with average e l e c t r o n energies 

i n the range 1-lOeV. These plasmas are c h a r a c t e r i z e d by 

e l e c t r o n temperatures which are some two orders of magnitude 

g r e a t e r than the Boltzmann temperatures of the ions and 

molecules which are roughly ambient. 

T h i s i s i n c o n t r a s t to the 'hot' or e q u i l i b r i u m plasmas 

of s i m i l a r e l e c t r o n d e n s i t i e s . T h i s c l a s s of plasma i s 

c h a r a c t e r i z e d by a very high gas temperature which i s equated 

approximately to the e l e c t r o n temperatures. Due to the low 

thermal s t a b i l i t y of organic molecules, t h i s type of plasma 

f i n d s i t s use i n the compositional a n a l y s i s of m a t e r i a l s . The 

sample of i n t e r e s t i s fed i n t o the high temperature plasma 

where d e s t r u c t i o n of the m a t e r i a l occurs to form atoms; atomic 



a b s o r p t i o n i s then f o l l o w e d by an a s s o c i a t e d e m i s s i o n , where 

a n a l y s i s i s a c h i e v e d through the s p e c t r a l a n a l y s i s of t h i s 
4 

e m i s s i o n . T h i s a n a l y t i c a l t e c h n i q u e i s known as i n d u c t i v e l y 
c o u p l e d P l a s m a - O p t i c a l E m i s s i o n S p e c t r o p h o t o m e t r y ( I C P - O E S ) , 

5 

and can be a p p l i e d t o the a n a l y s i s of i n o r g a n i c and m e t a l 

systems as w e l l as o r g a n i c systems (which may i n c l u d e b i o l o g i c a l 

t i s s u e ) . 

The ' c o o l ' plasma has found a use i n s e v e r a l a r e a s of 

a p p l i c a t i o n s : 

( i ) S y n t h e t i c O r g a n i c / O r g a n o m e t a l l i c C h e m i s t r y 

The work i n t h i s a r e a has been dominated by Suhr 

and c o w o r k e r s . I n i t i a l e x p e r i m e n t s were hampered by the v e r y 

s m a l l y i e l d s o b t a i n a b l e through plasma s y n t h e s i s ; more s u c c e s s 

was a c h i e v e d by the s e l e c t i o n o f e x p e r i m e n t a l p l a s m a c o n d i t i o n s 

which a v o i d e d h i g h e l e c t r o n e n e r g i e s and e l e v a t e d t e m p e r a t u r e s , 

which reduced the amount of dam§ge to t h e o r g a n i c m o l e c u l e . A l l 

o r g a n i c v a p o u r s , l i q u i d s or s o l i d s r e a c t i n a glow d i s c h a r g e 

t o some e x t e n t , so an a l m o s t i n f i n i t e number of o r g a n i c plasma 

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

from v e r y s m a l l to a l m o s t a 100% c o n v e r s i o n . T h i s , t o g e t h e r 

w i t h t h e amount of energy a v a i l a b l e from t h e p l a s m a i n compar­

i s o n t o c o n v e n t i o n a l and p h o t o c h e m i c a l t e c h n i q u e s (^10eV of. 4 
7 

and 6eV r e s p e c t i v e l y ) - which means t h a t s u p e r - e x c i t e d s t a t e s 

c a n be o b t a i n e d w h i c h a r e beyond the r e a c h of o t h e r s y n t h e t i c 

methods - makes s y n t h e s i s w i t h i n a plasma so a p p e a l i n g . 
( i i ) S u r f a c e M o d i f i c a t i o n 

A second major a r e a of i n t e r e s t i s t h e a p p l i c a t i o n 

of plasma t e c h n i q u e s t o the s u r f a c e m o d i f i c a t i o n o f p o l y m e r s . 

T h i s i n t e r e s t f a l l s i n t o t h r e e groups: 



g 

g 
(a) S u r f a c e g r a f t i n g where the polymer s u r f a c e i s exposed 

to a plasma t o c r e a t e r e a c t i v e s i t e s . T h i s a c t i v a t i o n 

of t h e s u r f a c e i n i t i a t e s a c o n v e n t i o n a l f r e e r a d i c a l 

p o l y m e r i z a t i o n p r o c e s s a t the s u r f a c e when t h e g r a f t 

monomer i s i n t r o d u c e d i n t o the r e a c t o r (no p l a s m a ) . 

Fo r example, a t t e n t i o n has been p l a c e d on t h e m o d i f i c -
9 

a t i o n of s u r f a c e s of f i b r e s f o r i m p r o v i n g w e t t a b i l i t y 

and flame retardancy"*"^ p u r p o s e s . 

(b) I n t h e second group s u r f a c e m o d i f i c a t i o n i s e f f e c t e d by 

d i r e c t and r a d i a t i v e energy t r a n s f e r from p l a s m a s e x c i t e d 

i n i n e r t g a s e s . T h i s i s known as CASING - c r o s s l i n k i n g 

by a c t i v a t e d s p e c i e s o f i n e r t £ases - and has been used 
11 12 

t o improve a d h e s i v e bonding, w e t t a b i l i t y , and p r i n t -
a b i l i t y of p o l y m e r s . 

(c) A t h i r d t e c h n o l o g i c a l l y i m p o r t a n t a r e a o f t h e use o f 

' c o o l ' p l a s m a s f o r s u r f a c e m o d i f i c a t i o n i s i n t h e m i c r o ­

e l e c t r o n i c s i n d u s t r y , where t h e p l a s ma, p a r t i c u l a r l y 

oxygen and h a l o g e n a t e d g a s e s , are used t o s e l e c t i v e l y e t c h 

or remove o r g a n i c p o l y m e r i c p h a s e s i n t h e p r o d u c t i o n 

of i n t e g r a t e d c i r c u i t c h i p s . T h i s i s a p a r t i c u l a r l y 

a c t i v e a r e a of r e s e a r c h w i t h t h e c u r r e n t t r e n d towards a 

t o t a l l y vacuum l i t h o g r a p h i c p r o c e s s . 
( i i i ) Polymer S y n t h e s i s 

The t h i r d a r e a of a p p l i c a t i o n , one w h i c h p e r h a p s 

e q u a l s the i n t e r e s t o f polymer m o d i f i c a t i o n , i s t h a t o f in situ 

polymer s y n t h e s i s . " ^ The plasma p o l y m e r i z a t i o n o f o r g a n i c 

and o r g a n o m e t a l l i c compounds has been a p a r t i c u l a r l y a c t i v e 

a r e a of r e s e a r c h , e s p e c i a l l y s i n c e t h e p r o c e s s o f f e r s s e v e r a l 

a d v a n t a g e s over c o n v e n t i o n a l polymer s y n t h e s i s ; n o t l e a s t t h e 
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o f t e n s u p e r i o r n a t u r e o f t h e d e p o s i t e d t h i n f i l m i n b o t h 
p h y s i c a l and c h e m i c a l p r o p e r t i e s . S t a r t i n g compounds do 
n o t need t o c o n t a i n f u n c t i o n a l g r o u p s n o r m a l l y a s s o c i a t e d 
wi t h c o n v e n t i o n a l p o l y m e r i z a t i o n and t h i s c o u p l e d w i t h t h e 
one s t e p s y n t h e s i s i n a ' c l e a n ' e n v i r o n m e n t makes p l a s m a 
p o l y m e r i z a t i o n a p a r t i c u l a r l y a t t r a c t i v e m e t h o d o f p o l y m e r 
s y n t h e s i s . I t i s i n t h i s a r e a o f a p p l i c a t i o n t h a t t h e w o r k 
i n t h i s t h e s i s has been d e v o t e d t o . 

1.2 F u n d a m e n t a l A s p e c t s o f Plasmas 

T h e o r e t i c a l l y a p l a s m a - " a f o u r t h s t a t e o f m a t t e r " - by 

d e f i n i t i o n must be e l e c t r i c a l l y n e u t r a l , a c o n d i t i o n w h i c h i s 

s a t i s f i e d when t h e d i m e n s i o n s o f t h e d i s c h a r g e d c o l u m n a r e 
3 

s i g n i f i c a n t l y g r e a t e r t h a n t h e D e b y e l e n g t h a d / 

\ ne ' 
w h i c h d e f i n e s t h e d i s t a n c e o v e r w h i c h a c h a r g e i m b a l a n c e E 

o 
i s t h e p e r m i t i v i t y o f f r e e sp 

k i s t h e B o l t z m a n n c o n s t a n t 

Te i s t h e e l e c t r o n t e m p e r a t u r e 

n i s t h e e l e c t r o n d e n s i t y 

e i s t h e c h a r g e i n t h e e l e c t r o n 

The i o n i z a t i o n o f m o l e c u l e s w i t h i n t h e p l a s m a zone i s 

e s s e n t i a l i f t h e d i s c h a r g e i s t o be i n i t i a t e d and m a i n t a i n e d . 

E l e c t r o n s w i t h i n t h e p l a s m a a r e a c c e l e r a t e d by t h e e l e c t r i c 

f i e l d and p r o d u c e f u r t h e r i o n i z a t i o n by c o l l i s i o n s w i t h o t h e r 

s p e c i e s . C o l l i s i o n s b e t w e e n an e l e c t r o n and a gas m o l e c u l e 

r e s u l t i n one o f two s t a t e s ; an e l a s t i c c o l l i s i o n i n w h i c h 
3 v e r y l i t t l e e n e r g y i s l o s t o r t r a n s f e r r e d b y t h e e l e c t r o n , 
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o r an i n e l a s t i c c o l l i s i o n w h i c h r e s u l t s i n t h e t r a n s f e r o f 

u s a b l e e n e r g y f r o m t h e e l e c t r o n t o t h e m o l e c u l e . When t h e 

e l e c t r o n does n o t have enough e n e r g y t o cause i o n i z a t i o n 

o f t h e m o l e c u l e , t h e t r a n s f e r o f e n e r g y i n an i n e l a s t i c 

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

o f t h e m o l e c u l e where t h e e x c e s s e n e r g y can be s t o r e d i n 

r o t a t i o n a l , v i b r a t i o n a l a n d / o r e l e c t r o n i c e x c i t a t i o n . I t 

i s f r o m s u c h i n e l a s t i c c o l l i s i o n s , o f m a j o r i m p o r t a n c e i n 

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

l o s t . A f t e r c o l l i s i o n t h e e l e c t r o n g a i n s e n e r g y f r o m t h e 

e l e c t r i c f i e l d , t h e amount o f k i n e t i c e n e r g y p i c k e d up b e f o r e 

f u r t h e r c o l l i s i o n i s d e p e n d e n t on t h e mean f r e e p a t h o f t h e 
15 

e l e c t r o n i n t h e gas w h i c h i s c o n n e c t e d t o t h e p r e s s u r e o f 

t h e s y s t e m ; a t t o o h i g h a p r e s s u r e , t h e mean f r e e p a t h i s v e r y 

s h o r t and t h e amount o f e n e r g y g a i n e d by t h e e l e c t r o n i n 

b e t w e e n c o l l i s i o n s i s n o t v e r y l a r g e . Too low a p r e s s u r e 

r e s u l t s i n a l o n g mean f r e e p a t h s u c h t h a t gas c o l l i s i o n s a r e 

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

r a n g e f o r p l a s m a p o l y m e r i z a t i o n o f 0.05-10 t o r r . A t c h a r g e 

d e n s i t i e s o f a r o u n d 1 0 ^ cm ^ i t has been c a l c u l a t e d t h a t 

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

a r o u n d a m i l l i s e c o n d . " ^ 
The a v e r a g e v e l o c i t y , c o f an e l e c t r o n b e t w e e n c o l l i s i o n s 

, 17 i s g i v e n by: 

c Me 2EAV* 

whe r e M i s t h e mass o f t h e h e a v i e r p a r t i c l e 

e i s t h e e l e c t r o n c h a r g e 

E i s t h e e l e c t r i c f i e l d 

A i s t h e e l e c t r o n mean f r e e p a t h 

and m i s t h e e l e c t r o n i c mass . 



E x o r e s s i o n s d e s c r i b i n g t h e e l e c t r o n e n e r g y d i s t r i b u t i o n 

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

lead t o a M a x w e l l i a n d i s t r i b u t i o n ^ o f e l e c t r o n e n e r g i e s shown 

i n F i g u r e 1.2. Such n u m e r i c a l s o l u t i o n s a r e o n l y p o s s i b l e 
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FIGURE 1.2 M a x w e l l i a n e n e r g y d i s t r i b u t i o n s o f e l e c t r o n s 
i n an i n e r t gas 
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f o r s i m p l e s y s t e m s , b u t t h e f o r m o f t h e d i s t r i b u t i o n has been 
18 

a n a l y s e d e x p e r i m e n t a l l y by p r o b e measurements and d i r e c t 
19 

e l e c t r o n s a m p l i n g . From F i g u r e 1.2 i t c a n be seen t h a t 

t h e a v e r a g e e l e c t r o n e n e r g y w i l l be i n t h e o r d e r o f 2 - 3 e V ^ t . e . 

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

i v e i n p r o d u c i n g e x c i t a t i o n t h a n i o n i z a t i o n . The d e g r e e o f 
-4 -7 -3 

i o n i z a t i o n i s , i n f a c t , l o w 10 -10 cm w i t h n e u t r a l s p e c i e s 

p r e d o m i n a t i n g i n a non e q u i l i b r i u m p l a s m a . ^ S i n c e o n l y t h e 

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

c a u s i n g i o n i z a t i o n s , w h e re i o n i z a t i o n p o t e n t i a l s a r e t y p i c a l l y 

10 • eV, i t may be e x p e c t e d t h a t some o f t h e m a j o r c h e m i s t r y 
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o c c u r r i n g w i t h i n a p l a s m a i s c o n n e c t e d , n o t w i t h i o n i z a t i o n , 

b u t w i t h e x c i t a t i o n ; s i n c e t y p i c a l bond d i s s o c i a t i o n e n e r ­

g i e s o f o r g a n i c compounds l i e w e l l b e l o w iOeV - see b e l o w . 

T h i s a s p e c t i s e x a m i n e d f u r t h e r i n C h a p t e r Seven, where t h e 

p h o t o p o l y m e r i z a t i o n o f PFB, w i t h e n e r g i e s b e l o w t h e i o n i z a t ­

i o n p o t e n t i a l o f t h e m o l e c u l e , i s d i s c u s s e d . 

TABLE 1.1 E n e r g i e s a s s o c i a t e d w i t h a g l o w d i s c h a r g e and 
some t y p i c a l bond e n e r g i e s 

E n e r g i e s (eV) a s s o c i a t e d w i t h a g l o w d i s c h a r g e : 

E l e c t r o n s 0- 20 

I o n s 0- 2 

M e t a s t a b l e s 0- 20 

V i s i b l e / U V 3- 40 

e n e r g i e s ( e V ) : 

C-H 4.3 C =0 8 .0 

C-F 4.4 C -N 2 .9 

C-C 3.4 C =C 6 . 1 

The c o l l i s i o n p r o c e s s , shown i n F i g u r e 1.3, r e s u l t s i n 

t h e e m i s s i o n o f e l e c t r o m a g n e t i c r a d i a t i o n as d e - e x c i t a t i o n 

o f t h e v a r i o u s e x c i t e d s p e c i e s o c c u r . Some o f t h i s o u t p u t i s 

i n t h e v i s i b l e r e g i o n , t h i s has l e d t o t h e t e r m 'glow d i s c h a r g e ' 

and g i v e s r i s e t o t h e c h a r a c t e r i s t i c c o l o u r s f o r p l a s m a s ex­

c i t e d i n a g i v e n s y s t e m . However, most o f t h e i n t e n s i t y o f 

t h e e m i s s i o n i s , i n f a c t , i n t h e UV/vacuum UV r e g i o n as has 
20 

been shown f o r A r p l a s m a s . I t i s t h i s component o f t h e 

e l e c t r o m a g n e t i c s p e c t r u m , t o g e t h e r w i t h e l e c t r o n s , w h i c h a r e 

o f most use i n t h e d i r e c t s u r f a c e m o d i f i c a t i o n o f p o l y m e r s . 
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FIGURE 1.3 C o l l i s i o n P r o c e s s e s i n a P l a s m a 

Both t h e I R and v i s i b l e components a r e a b s o r b e d , b u t the I R 

r a d i a t i o n - w h i c h c a n be s t r o n g l y a b s o r b e d - i s d i s s i p a t e d 
12 

through t h e r m a l r e a c t i o n s w h i c h produce h e a t . 

1.2.1 R e a c t i v e S p e c i e s i n Pl a s m a s 

The r e a c t i v e s p e c i e s i n a p l a s m a r e s u l t i n g from 

i o n i z a t i o n , f r a g m e n t a t i o n and e x c i t a t i o n p r o c e s s e s r e s u l t i n g 

from e l e c t r o n i m pact i n c l u d e i o n s , n e u t r a l s p e c i e s , atoms, 

m e t a s t a b l e s and f r e e r a d i c a l s ( e i t h e r ground or e x c i t e d s t a t e s ) . 

I t s h o u l d be remembered, however, t h a t a non e q u i l i b r i u m 

p lasma i s o n l y a p a r t i a l l y i o n i s e d g a s , i n f a c t i t has been 
16 -3 6 

s t a t e d t h a t a t 1 t o r r the c o n c e n t r a t i o n of n e u t r a l s i s 10 cm 

w h i c h i s some 4-6 o r d e r s o f magnitude g r e a t e r t h a n t h e number 

of i o n i c s p e c i e s . T o g e t h e r w i t h t h e e l e c t r o n s and the e l e c t r o ­

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

i c a l l y a v a i l a b l e mechanisms f o r r e a c t i o n s w i t h i n t h e p l a s m a 

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

p r e s e n t i n a p l a s m a p r e s e n t a w h o l e h o s t o f r e a c t i o n s w h i c h 

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

each depends on t h e v a p o u r i n w h i c h t h e p l a s m a i s e x c i t e d . 

I t s h o u l d be remembered t h a t s i n c e a p l a s m a i s e l e c t r i c a l l y 

n e u t r a l , t h e number o f p o s i t i v e s p e c i e s must b a l a n c e t h e number 

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

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

b u t s i m u l t a n e o u s l y must b a l a n c e . 

The r e a c t i v e i n t e r m e d i a t e s i n v o l v e d i n p o l y m e r 

f o r m a t i o n a r e such t h a t e x t e n s i v e m o l e c u l a r r e a r r a n g e m e n t s 
2 1 

a r e seen t o o c c u r i n t h e p e r f l u o r o a r o m a t i c compounds where 

t h e f i l m s p r o d u c e d a r e h i g h l y c r o s s - l i n k e d . A l t h o u g h t h e r e 

may be c o m p l e x i n t e r a c t i o n s b e t w e e n t h e r e a c t i v e i n t e r m e d i a t e s 

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

p l a s m a e x c i t e d i n a g i v e n monomer^ w i l l p r o d u c e a w e l l c h a r a c t ­

e r i z e d p r o d u c t o r s e r i e s o f p r o d u c t s . 

1 . 2.11 Plasma R e a c t i o n s 

A l t h o u g h t h e p r e s e n t k n o w l e d g e o f r e a c t i o n s 

o c c u r r i n g w i t h i n p l a s m a s e x c i t e d i n o r g a n i c / o r g a n o m e t a l l i c 

compounds i s r a t h e r i n c o m p l e t e , i t i s p o s s i b l e t o g i v e g e n e r a l 

t y p e s o f r e a c t i o n s w h i c h a r e common. T h i s k n o w l e d g e i s b a s e d 

on v a r i o u s k i n d s o f i n v e s t i g a t i o n based m a i n l y on a n a l y s i s o f 

"f" The t e r m monomer i s u s e d h e r e as t h e g e n e r i c name f o r t h e 
l o w m o l e c u l a r w e i g h t s t a r t i n g m a t e r i a l . Due t o t h e c o m p l e x 
n a t u r e o f t h e p r o c e s s e s o c c u r r i n g i n a gas p l a s m a , i t i s 
o f t e n n o t p o s s i b l e t o r e a d i l y i d e n t i f y t h e t r u e p r e c u r s o r s 
t o p o l y m e r i z a t i o n . 
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t h e p r o d u c t gas t r a p p e d o u t d o w n s t r e a m o f t h e r e a c t o r . 

T y p i c a l r e a c t i o n s w h i c h o c c u r i n a g l o w d i s c h a r g e can be 
,-,,,T>™ v 1 r, - P ^ . 1 1 . 7 
O L l i L U t l C l J . J _ ^ C U C I O J - W X J - ^ W O . 

(a) G e n e r a t i o n o f r e a c t i v e s p e c i e s - u n d e r s u i t a b l e c o n d i t i o n s 

t h e r e c o m b i n a t i o n o f atoms f o r m e d i n a d i s c h a r g e i s so s l o w 

t h a t i t i s p o s s i b l e t o s t u d y t h e i r r e a c t i o n w i t h o r g a n i c com-
22 

pounds o u t s i d e o f t h e d i s c h a r g e zone. W h i l s t p r o d u c t s ob­

t a i n e d i n p l a s m a s o f a r o m a t i c compounds have l e d w o r k e r s t o 
2 3 

s u g g e s t t h e i n t e r m e d i a t e p r e s e n c e °f a r y n e s . 
(b) I s o m e r i z a t i o n - e.g. t h e trans i s o m e r o f s t i l b e n e when 
s u b j e c t t o a g l o w d i s c h a r g e y i e l d s b o t h t h e ois and trans 

24 

i s o m e r s . 

( c ) O l i g e r m e r i z a t i o n and d i m e r i z a t i o n - e.g. benzene has been 

r e p o r t e d as b e i n g c o n v e r t e d m a i n l y i n t o b i p h e n y l u n d e r t h e 
25 

a c t i o n o f a p l a s m a ( u n d e r c e r t a i n c o n d i t i o n s ) . 
(e) E l i m i n a t i o n - e.g. p a r t i a l l y h a l o g e n a t e d h y d r o c a r b o n s show 

2 6 
e l i m i n a t i o n o f h y d r o g e n h a l i d e . 

I n g e n e r a l most p l a s m a r e a c t i o n s can be d e s c r i b e d 

a s : 

M E x c i t a t i o n * Bond B r e a k a g e -,. S t a b i l i z a t i o n „ , #> M 2 » I * P r o d u c t 

* 

Where M i s t h e e x c i t e d n e u t r a l o r i o n i c s p e c i e s and I i s t h e 

n e u t r a l o r i o n i c i n t e r m e d i a t e . 

1.3 Plasma T e c h n i q u e s 

I n g e n e r a l t h e r e a r e t h r e e d i s t i n c t a s p e c t s w h i c h a r e 

o f i n t e r e s t ; n a m e l y t h e s o u r c e o f e l e c t r i c a l power u s e d t o 

s u s t a i n t h e p l a s m a , t h e c o u p l i n g mechanism and w h a t can l o o s e l y 

be t e r m e d t h e p l a s m a e n v i r o n m e n t . T h i s i s i l l u s t r a t e d s c h e m a t i ­

c a l l y i n F i g u r e 1.4. 
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E L E C T R I C A L POWER - COUPLING MECHANISM - PLASMA ENVIRONMENT 
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FIGURE 1.4 E l e m e n t s o f a glow d i s c h a r g e e x p e r i m e n t 

From F i g u r e 1.4 i t can be seen t h a t t h e r e a r e two main 
22 

t y p e s of c o u p l i n g mechanisms, t.e. d i r e c t and i n d i r e c t . I n 

t h e d i r e c t method - r e s i s t i v e c o u p l i n g - t h e glow d i s c h a r g e i s 

i n i t i a t e d between e l e c t r o d e s , and t h u s t h e e l e c t r o d e s a r e p a r t 

of t h e plasma e n v i r o n m e n t . As s u c h , t h e y may be i n v o l v e d i n 

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

on t o t h e e l e c t r o d e s . The i n d i r e c t method - c a p a c i t i v e and 

i n d u c t i v e c o u p l i n g - a l l o w s the plasma t o be formed such t h a t 

the c o u p l i n g mechanism i s i s o l a t e d from i t . T h i s i s a c h i e v e d 

by means o f e l e c t r o d e s p l a c e d e x t e r n a l l y t o be r e a c t o r or by 

a c o p p e r c o i l - e l e c t r o d e l e s s d i s c h a r g e - wound round the ex­

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

g r e a t e r f l e x i b i l i t y and c l o s e r c o n t r o l o v e r o p e r a t i n g p a r a ­

m e t e r s has l e d t o t h e c h o i c e of the l a t t e r c o u p l i n g mechanism 

f o r t h e work c o n t a i n e d w i t h i n t h i s t h e s i s . E l e c t r o d e l e s s 
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m i c r o w a v e d i s c h a r g e s may a l s o be e x c i t e d i n d u c t i v e l y u s i n g 

t u n e d c a v i t i e s . 

I n d i r e c t c o u p l i n g mechanisms can o n l y be u s e d however 

u s i n g f r e q u e n c i e s h i g h e r t h a n iMHz;^ b e l o w t h i s f r e q u e n c y , 

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

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

p l a s m a . W i t h i n t e r n a l e l e c t r o d e s , and low p r e s s u r e s , e x ­

p e r i m e n t s have been p e r f o r m e d o v e r a w i d e r a n g e o f f r e q u e n c i e s 
27 

f r o m AC t o t h e RF r e g i o n . Yasuda et al have e m p l o y e d f r e ­

q u e n c i e s o f 60Hz (A C ) , 10kHz (AF) and 13.56MHz ( R F ) . S i n c e 

i t i s w e l l known, h o w e v e r , t h a t some p o l y m e r s p r o d u c e d by 
27 

p l a s m a p o l y m e r i z a t i o n a r e p a r t i c u l a r l y s y s t e m d e p e n d e n t {e.g. 

power and p r e s s u r e ) , t h e r e have been s u r p r i s i n g l y few s t u d i e s 

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

s u s t a i n e d by d i f f e r e n t e n e r g y s o u r c e s , t o d e t e r m i n e t h e n a t u r e 

o f t h e e f f e c t o f e x c i t i n g f r e q u e n c y on t h e p r o d u c t . 

The m a i n o p e r a t i n g p a r a m e t e r s o f a g l o w d i s c h a r g e e x p e r i ­

ment a r e t h o s e o f power i n p u t and o p e r a t i n g p r e s s u r e , w h e r e 

power may v a r y f r o m 0.1 w a t t t o a few k i l o w a t t s and p r e s s u r e 

f o r a,0.01 t o r r t o a t m o s p h e r e d e p e n d i n g on e x p e r i m e n t a l c o n ­

d i t i o n s . 

O p e r a t i n g p r e s s u r e s u s i n g an RF d i s c h a r g e c a n r a n g e f r o m 

0,0.01 t o 1.0 t o r r w h i l s t t h e power r a n g e i s f r o m 0.1W t o 150W 

u t i l i z i n g c o m m e r c i a l l y a v a i l a b l e e q u i p m e n t . Low power l e v e l s 

(<1.0W) a r e g e n e r a l l y d i f f i c u l t t o s u s t a i n , b u t when u s i n g RF 

power a s t a b l e p l a s m a can be a c c o m p l i s h e d by p u l s i n g t h e power 

i n p u t . T y p i c a l p a r a m e t e r s u s e d i n t h e w o r k h e r e i n w e r e 5-50W 

and 0.075 t o r r . 
M i c r o w a v e d i s c h a r g e s a r e l e s s s t a b l e a t l o w p r e s s u r e s . 
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The use o f an i n c r e a s e d p r e s s u r e l e a d s t o an i n c r e a s e i n t h e 

gas t e m p e r a t u r e w h i c h can c a u s e d e c o m p o s i t i o n o f o r g a n i c 

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

p o l y m e r i z a t i o n s . A t h i g h e r power l e v e l s (>50W), e s p e c i a l l y 

when w o r k i n g w i t h DC d i s c h a r g e s some s p e c i a l c o o l i n g s y s t e m s 

a r e n e c e s s a r y f o r t h e e l e c t r o d e s , a l t h o u g h t h e use o f D.C. does 

a l l o w p r e s s u r e s o f up t o 1 a t m o s p h e r e , b u t as w i t h t h e m i c r o ­

wave d i s c h a r g e , a h i g h e r p r e s s u r e w i l l l e a d t o a h i g h e r t e m p e r ­

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

A l t h o u g h t h e above d i s c u s s i o n r e l a t e s t o a l l t y p e s o f m i c r o w a v e 

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

c a v i t y , t h e r m o l y s i s o f o r g a n i c compounds does n o t seem t o be 

such a p r o b l e m when u s i n g v e r y l a r g e v o l u m e p l a s m a s - L e y b o l d -

Hareaus have a p i l o t p l a n t i n o p e r a t i o n f o r p l a s m a p o l y m e r i ­

z a t i o n b a s e d on m i c r o w a v e e x c i t a t i o n . 

Low f r e q u e n c y and DC d i s c h a r g e s a r e g e n e r a l l y c h a r a c t e r ­

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

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

^10-100V, and ^1A a t p r e s s u r e s o f ^ 1 t o r r . F o r RF and m i c r o ­

wave p l a s m a s t h e s i t u a t i o n i s l e s s s t r a i g h t f o r w a r d , t h e r e ­

q u i s i t e i n s t r u m e n t a t i o n i s needed t o measure t h e power i n t h e 

p l a s m a , and t o m a t c h t h e impedence o f t h e g e n e r a t o r w i t h t h a t 

o f t h e c o i l v o l u m e s u c h t h a t maximum power i s t r a n s f e r r e d t o 

t h e p l a s m a . 

1.4 Plasma P o l y m e r i z a t i o n 

P o l y m e r f o r m a t i o n w i t h i n a p l a s m a may be a c h i e v e d b y 

e i t h e r i n j e c t i n g an o r g a n i c o r o r g a n o m e t a l l i c v a p o u r i n t o 

an i n e r t gas d i s c h a r g e , s u c h as a r g o n , o r b y c r e a t i n g a p l a s m a 



i n t h e o r g a n i c / o r a g n o m e t a l l i c v a p o u r , where t h e v a p o u r may 

be p u r e o r may c o n s i s t o f a m i x t u r e o f g a s e s . Under s u c h 

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

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

A l t h o u g h t h e f o r m a t i o n o f p o l y m e r s i n a g l o w d i s c h a r g e 
2 8 

has been known f o r many y e a r s - ( i n d e e d t h e f i r s t p o l y m e r s 

were t h o u g h t o f as a b y - p r o d u c t o f t h e d i s c h a r g e e x p e r i m e n t 

w h i c h c a u s e d many p r o b l e m s due t o p o l y m e r r e m o v a l c a u s e d by 
29 

t h e i r i n e r t n e s s and i n s o l u b i l i t y ) , t h e d e t a i l e d mechanism 

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

o f p l a s m a p o l y m e r i z a t i o n has been c l a s s i f i e d by Yasuda i n t o 

' p l a s m a - i n d u c e d ' p o l y m e r i z a t i o n and ' p l a s m a - s t a t e ' p o l y m e r i -

z a t i o n . The f o r m e r p r o c e s s r e q u i r e s monomers t o c o n t a i n 

p o l y m e r i z a b l e s t r u c t u r e s , e.g. o l e f i n i c d o u b l e b o n d , t r i p l e 

b o n ds o r c y c l i c s t r u c t u r e s , and m e c h a n i s t i c a l l y i s e s s e n t i a l l y 

t h e same as c o n v e n t i o n a l a d d i t i o n p o l y m e r i z a t i o n w h ere t h e 

p l a s m a i s used t o i n i t i a t e p o l y m e r i z a t i o n e i t h e r by d i r e c t o r 
31 

i n d i r e c t c o n t a c t . T h i s i s i n c o n t r a s t t o ' p l a s m a - s t a t e ' 

p o l y m e r i z a t i o n w h i c h o c c u r s o n l y u n d e r p l a s m a c o n d i t i o n s . 

A l t h o u g h when c o n v e n t i o n a l monomers, s u c h as v i n y l compounds, 

a r e u s e d i n p l a s m a p o l y m e r i z a t i o n , b o t h p l a s m a s t a t e and 
32 

p l a s m a i n d u c e d p o l y m e r i z a t i o n s c a n , and may, o c c u r . 

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

by t h e c o m p e t i n g p r o c e s s e s , i.e. a b l a t i o n and p o l y m e r i z a t i o n 

w h i c h o c c u r w i t h i n t h e p l a s m a . T h i s has been t e r m e d C o m p e t i t 
32 

i v e A b l a t i o n and P o l y m e r i z a t i o n (CAP) and i s r e p r e s e n t e d 

s c h e m a t i c a l l y i n F i g u r e 1.5. As an e x t r e m e example p l a s m a s 

e x c i t e d i n CF^ do n o t f o r m p o l y m e r f i l m s due t o t h e d o m i n a t i o n 

o f a b l a t i v e p r o c e s s e s o v e r p o l y m e r i z a t i o n r e a c t i o n s , c a u s e d 
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FIGURE 1.5 C o m p e t i t i v e a b l a t i o n and p o l y m e r i z a t i o n i n 
glow d i s c h a r g e p o l y m e r i z a t i o n 

by t h e abundance of r e a c t i v e f l u o r i n e s p e c i e s c r e a t e d i n the 
32 

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

The p o lymers produced by f l u o r o c a r b o n p l a s mas a r e thus t h e 

r e s u l t of a b a l a n c e between t h e s e two p r o c e s s e s ; a g r e a t e r 

f l u o r i n e c o n t e n t f a v o u r i n g a b l a t i o n w h i l s t a h i g h e r hydro­

c a r b o n c o n t e n t f a v o u r s polymer d e p o s i t i o n . I n the p r e c e d i n g 

example, d e p o s i t i o n was o b s e r v e d by the i n t r o d u c t i o n of hydrogen 

i n t o t h e monomer flow s y s t e m o n l y t o be f o l l o w e d by e t c h i n g 
33 

when the hydrogen flow was s t o p p e d . 
I t has been noted t h a t t h e o v e r a l l CAP mechanism of 

polymer f o r m a t i o n i s e x t r e m e l y dependent on the d i s c h a r g e 
32 

c o n d i t i o n s . Yasuda has s u g g e s t e d t h e use of a composite 
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p a r a m e t e r , /FM, r e l a t i n g t h e d i s c h a r g e power t o t h e u n i t mass 

o f monomer w h i c h may be use d t o c o r r e l a t e t h e p o l y m e r i z a t i o n 
34 

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

Where W i s t h e d i s c h a r g e power ( w a t t ) , t h i s g e n e r a l l y 

d e t e r m i n e s t h e amount o f f r a g m e n t a t i o n o f t h e monomer; a 

h i g h e r power c a u s i n g more f r a g m e n t a t i o n . 

F i s t h e monomer f l o w r a t e , t h i s d e t e r m i n e s t h e r e s i d e n c e 

t i m e o f t h e monomer i n t h e r e a c t o r , t o g e t h e r w i t h t h e p r e s s u r e 

(and hence pumping speed) and M i s t h e m o l e c u l a r w e i g h t o f 

monomer. 

T h i s p a r a m e t e r a l l o w s a c o m p a r i s o n t o be made b e t w e e n 

d i f f e r e n t monomers i n t e r m s o f t h e e n e r g y i n p u t p e r u n i t mass 

i n r e l a t i o n t o t h e r a t e o f d e p o s i t i o n o f t h e end p r o d u c t . 

F o r t h i s c o m p a r i s o n t o be v a l i d , h o w e v e r , t h e p o l y m e r i z a t i o n 

m ust be p e r f o r m e d u n d e r i d e n t i c a l e x p e r i m e n t a l d i m e n s i o n s , i.e. 

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

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

f o r m e d a l s o s t r o n g l y depends on o t h e r e x p e r i m e n t a l p a r a m e t e r s 

s u c h as t h e g e o m e t r i c a l a r r a n g e m e n t o f monomer i n l e t and 
32 

o u t l e t i n r e l a t i o n t o t h e r e g i o n o f e n e r g y i n p u t , and t h e 

r e a c t i v i t y o f t h e s t a r t i n g m a t e r i a l . 
An e x c e l l e n t r e v i e w on t h e w o r k o f Yasuda et at has" 

32 

a p p e a r e d i n book f o r m and c o v e r s s u c h t o p i c s as a c o m p a r i s o n 

o f p l a s m a p o l y m e r i z a t i o n w i t h c o n v e n t i o n a l p o l y m e r i z a t i o n and 

and m e c h a n i s t i c a s p e c t s o f p l a s m a p o l y m e r i z a t i o n , a l o n g w i t h 

a c h a p t e r on g e n e r a l c h a r a c t e r i s t i c s o f p l a s m a p o l y m e r s . T h i s 

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

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

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

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

a u t h o r s ' v i e w . 
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1.5 Plasma D i a g n o s t i c s 

C o m p a r a t i v e l y l i t t l e i s known a b o u t t h e p r o c e s s e s 

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

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

m i c r o e l e c t r o n i c s . Y e t t h e s u c c e s s o f a p a r t i c u l a r p r o c e s s 

l e a d i n g t o a d e s i r e d end p r o d u c t can o f t e n depend c r i t i c a l l y 

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

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

p l a s m a d i a g n o s t i c t e c h n i q u e s a r e c u r r e n t l y an i m p o r t a n t , and 

p o p u l a r , a r e a o f r e s e a r c h . 

D i a g n o s t i c t e c h n i q u e s c an c o n v e n i e n t l y be d i v i d e d i n t o 

t h r e e g r o u p s d e p e n d e n t upon t h e p o s i t i o n o f , and i n t e r f e r e n c e 

c a u s e d b y , t h e a n a l y t i c a l p r o b e , i.e. in situ n o n - i n t r u s i v e , 

in situ i n t r u s i v e and ex situ. A l t h o u g h most t e c h n i q u e s 

p e r t u r b t h e p l a s m a t o a g r e a t e r o r l e s s e r e x t e n t , p e r h a p s t h e 

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

o u t p u t o f a p l a s m a w h i c h i s why o p t i c a l t e c h n i q u e s i n p l a s m a 

c h e m i s t r y a r e so p o p u l a r . a 

O p t i c a l e m i s s i o n s p e c t r o p h o t o m e t r y (OES) i n v o l v e s t h e 

a n a l y s i s o f t h e o p t i c a l e m i s s i o n s , r a n g i n g f r o m t h e vacuum-UV 

t o t h e f a r i n f r a r e d w h i c h a r e e m i t t e d by most gaseous p l a s m a s 

One i m p o r t a n t e x a m p l e o f t h e use o f OES i s i n t h e end p o i n t 

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

i n t h e f a b r i c a t i o n o f s i l i c o n m i c r o c i r c u i t s u s i n g a QY ^-Q^ 
35b 

p l a s m a . T h r e e p r i n c i p a l s p e c i e s w e r e f o u n d t o be r e s p o n ­

s i b l e f o r t h e m a i n e m i s s i o n , F and 0 atoms and CO m o l e c u l e s ; 

t h e a u t h o r s c o n c l u d e d t h a t F and 0 w e r e a c t i v e i n t h e e t c h i n g 

p r o c e s s , s i n c e i n t h e p r e s e n c e o f s i l i c o n w a f e r s t h e e m i s s i o n 

f r o m t h e s e t w o atoms was d r a s t i c a l l y r e d u c e d , b u t t h a t CO 
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was n o t . I n f a c t o n l y F i s r e s p o n s i b l e f o r s i l i c o n e t c h i n g , 

t h e o x y g e n c a u s e d an i n c r e a s e i n e t c h i n g by r e a c t i n g w i t h CF^ 

t o l i b e r a t e more f r e e f l u o r i n e atoms. 

The use o f OES has a l s o been u s e d t o m o n i t o r d e p o s i t i o n 

i n t h e p l a s m a p o l y m e r i z a t i o n o f h a l o c a r b o n s w i t h t h e s i m u l t a n e o u s 
3 6 

s p u t t e r i n g o f g o l d o r a l u m i n i u m . I t was seen t h a t t h e 

r a t i o o f e m i s s i o n i n t e n s i t i e s o f AU/CF2 and A l / A r can be u s e d 

as p r o c e s s i n g p a r a m e t e r s i n t h e p r e p a r a t i o n o f m e t a l doped 

p o l y m e r f i l m s . S i m i l a r l y t h e e m i s s i o n , and h ence t h e gas phase 

c o m p o s i t i o n , i n a c o p o l y m e r i z a t i o n e x p e r i m e n t has been shown 

t o be v e r y i m p o r t a n t w i t h r e g a r d t o t h e c o m p o s i t i o n o f t h e de-
37 

p o s i t e d p o l y m e r f i l m . T h i s w i l l be d i s c u s s e d i n much g r e a t e r 

d e t a i l i n C h a p t e r s T h r e e and F o u r on t h e c o p o l y m e r i z a t i o n o f 

f l u o r o a r o m a t i c monomers w i t h t h e i r h y d r o c a r b o n a n a l o g u e s , and 

w i t h t h e t e t r a m e t h y l compounds o f g r o u p I V . 

However, t h i s a p p a r e n t l y v e r y u s e f u l t o o l does have i t s 

l i m i t a t i o n s . One o f t h e m a i n d r a w b a c k s i s t h a t o n l y e l e c t r o n ­

i c a l l y e x c i t e d s t a t e s i n t h e gas phase w h i c h r e l a x by t h e 

e m i s s i o n o f p h o t o n s can be m o n i t o r e d . A l s o , w h i l s t b e i n g 

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

q u a n t i t a t i v e i n f o r m a t i o n s i n c e t h e i n t e n s i t y o f e m i s s i o n f r o m 

a s p e c i e s i s n o t d i r e c t l y p r o p o r t i o n a l t o i t s c o n c e n t r a t i o n . 

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

e x c i t a t i o n and e m i s s i o n u n d e r a p a r t i c u l a r mode o f e x c i t a t i o n 
35a 

f o r t h e s p e c i e s u n d e r e x a m i n a t i o n . 

L a s e r i n d u c e d f l u o r e s c e n c e ( L I F ) , h o w e v e r , has t h e a d v a n t ­

age o f b e i n g a b l e t o p r o b e d i r e c t l y t h e g r o u n d s t a t e ( o r m e t a -

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

and i o n s . T h i s p r o b e has been used t o m o n i t o r [ C F 9 ] i n v a r i o u s 
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3 8 
d i s c h a r g e e n v i r o n m e n t s i n CF^/C^/^ p l a s m a s . As a f u n c t i o n 
o f a p p l i e d p ower, t h e CF 2 c o n c e n t r a t i o n was f o u n d t o i n c r e a s e , 

w h i c h was i n a g r e e m e n t w i t h t h e w o r k c a r r i e d o u t by H a r g i s 
39 

and K u s h n e r . I t was seen t h a t [CF2] had an i n v e r s e r e l a t ­

i o n s h i p t o t h e [O2] and was d i r e c t l y p r o p o r t i o n a l t o [H , , ] . 

As e x p e c t e d , [CF2] d e c r e a s e d as was added t o t h e p l a s m a due 

t o o x i d a t i o n r e a c t i o n s o f CF^ t o f o r m CO and C 0 2 and f o r m f r e e 

f l u o r i n e atoms. I n t h e p r e s e n c e o f h y d r o g e n , h o w e v e r , an 

i n c r e a s e i n a b s t r a c t i o n r e a c t i o n s o c c u r r e d w h i c h r e s u l t e d i n 

HF f o r m a t i o n and an i n c r e a s e i n [ C F 2 ] . CF2 c o n c e n t r a t i o n has 

a l s o been e x a m i n e d as a f u n c t i o n o f t h e p a r e n t f l u o r o c a r b o n , 

h e x a f l u o r o e t h y l e n e was f o u n d t o g e n e r a t e a b o u t f o u r t i m e s as 
39 

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

L I F , as w i t h OES, has i t s l i m i t a t i o n s . S i g n i f i c a n t l y , 

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

q u a n t u m e f f i c i e n c y - w h i c h i s u s u a l l y t h e case f o r atoms and 

d i a t o m i c s i n a l o w p r e s s u r e e n v i r o n m e n t . However, i t need n o t 

be t h e case f o r l a r g e r p o l y a t o m i c m o l e c u l e s w h i c h c a n r e t u r n 

t o t h e g r o u n d s t a t e n on r a d i a t i v e l y , o r p o s s i b l y p h o t o - d i s s o c ­

i a t e i n t h e e l e c t r o n i c e x c i t e d s t a t e . 

A n o t h e r in situ p r o b e i s i n t h e use o f i n f r a r e d s p e c t r o ­

s c o p y , t o m o n i t o r t h e a b s o r p t i o n o f g r o u n d s t a t e s p e c i e s . T h i s 
40 

m e t h o d has been u s e d t o m o n i t o r a i r p l a s m a s , and t o i n v e s t -
41 

i g a t e t h e d e c o m p o s t i o n o f CF^ and C^F^ i n p l a s m a s . T h i s 

t e c h n i q u e , s u f f e r i n g t h e same l i m i t a t i o n s as OES, i s t y p i c a l l y 

a much l e s s s e n s i t i v e t e c h n i q u e r e q u i r i n g e i t h e r a h i g h c o n c e n ­

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

An e x a m p l e o f an in situ i n t r u s i v e t e c h n i q u e i s t h a t u s e d 

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



e l e c t r o n energy d i s t r i b u t i o n s . Here t h e probe i s i n s e r t e d 

i n t o the plasma environment and causes p e r t u r b a t i o n s t o i t . 

A common c h a r a c t e r i s t i c o f ex situ t e c h n i q u e s i s t h a t a 

sample o f t h e plasma zone i s analysed o u t s i d e o f t h e plasma 

r e g i o n . For example, a d i f f e r e n t i a l l y pumped mass s p e c t r o ­

meter has been mounted downstream o f v a r i o u s f l u o r o and f l u o r o 
42 

hydrocarbon plasmas t o analyse t he gaseous e f f l u e n t . A 

major d i s a d v a n t a g e t o these t e c h n i q u e s i s r e a d i l y a p p a r e n t , 

namely t h a t t h e r e i s always a doubt about t h e accuracy o f t h e 

r e s u l t s i n r e l a t i o n t o the r e a l plasma e n v i r o n m e n t , i.e. t h a t 

what i s d e t e c t e d a t t h e probe has been formed a f t e r l e a v i n g 

t h e plasma zone. Since t h e sample c o n t a i n s many h i g h l y r e ­

a c t i v e s p e c i e s - i o n s , f r e e r a d i c a l s , etc. - t h e r e i s always t h e 

p o s s i b i l i t y t h a t t h e r e has been some r e a c t i o n , e i t h e r i n t e r -

o r i n t r a m o l e c u l a r , o r change i n energy d i s t r i b u t i o n d u r i n g t h e 

j o u r n e y from t h e r e a c t o r . 

From t h e above d i s c u s s i o n i t can be seen t h a t no one 

t e c h n i q u e i s adequate t o c h a r a c t e r i s e plasma c h e m i s t r y . 

I d e a l l y a c o m b i n a t i o n o f d i a g n o s t i c t o o l s s h o u l d be a v a i l a b l e 

t o t h e plasma chemist t o o b t a i n t h e maximum amount o f i n f o r m ­

a t i o n about t h e system under s t u d y . Great care and c a u t i o n 

must be used, however, i n i n t e r p r e t i n g t h e d i a g n o s t i c d a t a . 

T h i s can be e s p e c i a l l y i m p o r t a n t when t r y i n g t o d e t e r m i n e t h e 

i n f l u e n c e o r importance o f a p a r t i c u l a r s p e c i e s i n a plasma 

process. 

An example i s seen i n t h e plasma p o l y m e r i z a t i o n o f f l u o r o 

carbon systems where, due t o t h e presence o f CF2 i n t h e gas 

phase o f a l l f l u o r o c a r b o n plasmas, CF 2 has been suggested as 

b e i n g an i m p o r t a n t polymer p r e c u r s o r . W h i l s t t h i s indeed may 
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be so, the presence o f a p a r t i c u l a r species does n o t mean t h a t 

i t i s i n v o l v e d i n polymer f o r m a t i o n - i t may even be a by­

p r o d u c t of t h e process under s t u d y . T h i s w i l l be d i s c u s s e d 

i n more d e t a i l i n c o n t e x t o f t h e o p t i c a l e m i s s i o n d a t a ob­

t a i n e d from c o p o l y m e r i z i n g PFB w i t h another monomer (see 

Chapters Two and T h r e e ) . 

1.6 Polymer P r o p e r t i e s and C h a r a c t e r i z a t i o n Techniques 

F o l l o w i n g the p r e c e d i n g d i s c u s s i o n s on the p r i n c i p l e s and 

te c h n i q u e s i n v o l v e d i n t h e a p p l i c a t i o n o f gas plasmas t o 

o r g a n i c polymer f i l m f o r m a t i o n , t h e f o l l o w i n g s e c t i o n on t h e 

a n a l y t i c a l t e c h n i q u e s which have been used t o c h a r a c t e r i z e 

these m a t e r i a l s i s e s s e n t i a l : w i t h o u t t h i s s e c t i o n t h e c h a p t e r 

would be i n c o m p l e t e , f o r w i t h o u t an a n a l y s i s o f t h e polymer 

t o date i n f o r m a t i o n r e g a r d i n g t h e be h a v i o u r o f an o r g a n i c i n 

a plasma would be m i s s i n g , e.g. t h e rearrangement r a t h e r than 

e l i m i n a t i o n b e h a v i o u r shown by p e r f l u o r o a r o m a t i c m o l e c ules i n 

the processes l e a d i n g t o d e p o s i t i o n . 

The t e c h n i q u e s used t o s t u d y plasma polymers can be broken 

down i n t o two groups: those used t o study b u l k p r o p e r t i e s and 

those used t o c h a r a c t e r i z e t h e s u r f a c e o f t h e f i l m . T able 1.2, 

a l t h o u g h n o t comprehensive, g i v e s a l i s t o f the a n a l y t i c a l 

methods whic h have p r o v i d e d t h e most i n s i g h t i n t o t h e s t r u c t u r e , 

b o t h p h y s i c a l l y and c h e m i c a l l y , o f these m a t e r i a l s . 

The b u l k p r o p e r t y a n a l y s i s t e c h n i q u e s w i l l be examined 

b r i e f l y here f o r t h e sake o f completeness, t h e s u r f a c e c h a r a c t e r ­

i z a t i o n t e c h n i q u e s w i l l however be c o n s i d e r e d i n more d e t a i l 

as a p p r o p r i a t e t o t h i s t h e s i s . The a n a l y s i s o f t h e plasma 
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TABLE 1.2 A n a l y t i c a l Techniques used t o st u d y Plasma Polymers 

A. Bulk P r o p e r t i e s 

M i c r o a n a l y s i s 

E l e c t r o n Spin Resonance Spectroscopy 

N u c l e a r Magnetic Resonance 

D i e l e c t r i c P r o p e r t i e s 

I n f r a - r e d Spectroscopy 

D i f f e r e n t i a l Scanning C a l o r i m e t r y and Thermal 

B. Surfa c e P r o p e r t i e s 

C o n t a c t Angles 

M i c r o s c o p i c S t u d i e s 

R e f l e c t a n c e I.R. 

ESCA - E l e c t r o n Spectroscopy f o r Chemical A p p l i c a t i o n s 

SIMS - Secondary I o n Mass Spectroscopy. 

polymer produced by N V i n y l P y r r o l i d o n e w i l l be used as an 

example i n the a p p r o p r i a t e p l a c e s . 

Plasma p o l y m e r i z e d f i l m s have been shown t o be o f a r e ­

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

i f t h e plasma p o l y m e r i z a t i o n e x p e r i m e n t i s r e p e a t e d under 

i d e n t i c a l c o n d i t i o n s , i.e. t h e plasma processes l e a d i n g t o 

d e p o s i t i o n are h i g h l y system dependent. I t i s f o r t h i s reason 

t h a t a l t h o u g h v a r i o u s papers, w r i t t e n by o t h e r a u t h o r s may have 

been r e f e r e n c e d t h r o u g h o u t t h e t h e s i s , t h e d a t a c o n t a i n e d t h e r e ­

i n can o n l y be used as an independent i n t e r e s t i n g o b s e r v a t i o n , 

G r a v i m e t r i c A n a l y s i s . 

N V i n y l P y r r o l i d o n e (NVP) 
CH=CH 
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r a t h e r t h a n f o r a d i r e c t comparison o f , t h e work d e t a i l e d 

w i t h i n t h i s t h e s i s . T h i s s h o u l d be borne i n mind by t h e 

r e a d e r . 

One o f the most i m p o r t a n t b u l k p r o p e r t i e s o f plasma 

polymers i s t h a t a l a r g e q u a n t i t y o f f r e e r a d i c a l s are o f t e n 

t r a p p e d w i t h i n t h e polymer m a t r i x . These a r i s e d u r i n g f i l m 

f o r m a t i o n . A steady s t a t e c o n c e n t r a t i o n o f a c t i v a t e d s p e c i e s 

i s n o t reached i n a plasma such t h a t those quenched i n f i l m 

f o r m a t i o n (or by p r o d u c t i o n o f gas phase p r o d u c t s which leave 

t h e r e a c t o r as exhaust gases) are n o t bala n c e d by t h e q u a n t i t y 

formed. Thus, t h e r a p i d l y g r o w i n g f i l m i n c o r p o r a t e s f r e e 

r a d i c a l s by t h e r e a c t i o n o f one p a r t o f a d i a c t i v a t e d s p e c i e s 

w i t h t h e f o r m i n g f i l m , t h e o t h e r p a r t - t h e f r e e r a d i c a l - does 

no t have t i m e t o r e a c t b e f o r e i t i s t r a p p e d unquenched w i t h i n 

t h e c r o s s l i n k i n g m a t r i x . These t r a p p e d r a d i c a l s convey a r e ­

a c t i v e n a t u r e upon t h e polymer f i l m and may a f f e c t t h e p e r f o r m ­

ance of these f i l m s i n a p a r t i c u l a r a p p l i c a t i o n , s i n c e t h e 

f i l m can 'age' by g r a d u a l r e a c t i o n o f these t r a p p e d s p e c i e s 

w i t h oxygen, w a t e r , etc. The use o f ESR t o de t e r m i n e s p i n 
43 

d e n s i t y , has shown t h e q u a n t i t y o f t r a p p e d f r e e r a d i c a l s t o 

be r e l a t e d t o t h e c h e m i c a l s t r u c t u r e o f t h e monomer; s a t u r a t e d 

a l i p h a t i c hydrocarbons y i e l d t h e l o w e s t q u a n t i t y w h i l s t h i g h l y 

u n s a t u r a t e d monomers produce t h e h i g h e s t l e v e l o f t r a p p e d f r e e 
32 

r a d i c a l s i n t h e produced polymer f i l m s . 
I n f r a r e d s p e c t r o s c o p y has been used t o examine t h e p o l y ­

mer d e r i v e d f r o m NVP as a f u n c t i o n o f power o f t h e plasma. The 

complex n a t u r e o f plasma polymers makes t h e p r e c i s e i n t e r p r e t ­

a t i o n o f t h e i r IR s p e c t r a d i f f i c u l t . However, u s e f u l i n f o r m ­

a t i o n c o n c e r n i n g t h e g e n e r a l n a t u r e and perhaps mode o f r e a c t i o n 
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(when more than one r e a c t i v e f u n c t i o n a l group i s p r e s e n t ) can 

o f t e n be d e r i v e d . F i g u r e 1.6 shows t h e s p e c t r a produced by 

f i l m s formed i n 8 and 50W NVP plasmas r e s p e c t i v e l y , a l l o t h e r 

v a r i a b l e s were c o n s t a n t . A l s o shown i n F i g u r e 1.6 i s the 
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FIGURE 1.6 I n f r a - r e d s p e c t r a o f plasma p o l y m e r i z a t i o n NVP 
a t 8 and 5QW c f . c o n t a c t s p e c t r a o f NVP monomer 

' c o n t a c t ' spectrum o f the l i q u i d monomer. I n g e n e r a l , t he 

IR s p e c t r a o f b o t h o f t h e plasma polymers c o n t a i n most o f t h e 

major peaks a s s o c i a t e d w i t h the p a r e n t monomer above 1200 cm ^. 

Not s u r p r i s i n g l y , most of t h e peaks i n t h e ' f i n g e r p r i n t * r e g i o n 

o f NVP have been l o s t , o r g r e a t l y reduced i n i n t e n s i t y , i n 

the polymers. One o f the most i n t e r e s t i n g f e a t u r e s o f t h e 

polymer s p e c t r a i s t h e l o s s o f one o f t h e major peaks, c f . t h e 

p a r e n t monomer, i n t h e 1600-1750 cm ^ r e g i o n . The two peaks, 

a t ^1620 and 1690 cm ^ r e s p e c t i v e l y , a r i s e f r o m C=0 and C=C 

groups i n NVP and are r e p l a c e d by t h e appearance o f a peak a t 

^1655 cm ^ i n t h e s p e c t r a o f b o t h plasma po l y m e r s . T h i s i s 
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s u g g e s t i v e o f t h e l a c k o f C=C u n s a t u r a t i o n p r e s e n t i n t h e 

polymer, i.e. p o l y m e r i z a t i o n r e a c t i o n s i n t h e plasma would 

appear t o be m a i n l y t h r o u g h opening o f t h e C-C bond i n t h e 

NVP monomer. 

A number o f i m p o r t a n t d i f f e r e n c e s are apparent between 

t h e IR s p e c t r a o f t h e two plasma polymers; namely as the 

power i n p u t , and hence plasma d e n s i t y i n c r e a s e s , t h e peaks 

broaden o u t c o n s i d e r a b l y and become l e s s w e l l r e s o l v e d i n d i c ­

a t i n g the g r e a t e r amount o f s i m i l a r e n v i r o n m e n t s , i.e. t h e 

g r e a t e r amount o f c r o s s - i n k i n g which has o c c u r r e d i n t h e 50W 

plasma polymer. The g r e a t e r f r a g m e n t a t i o n a t 50W may be 

i n f e r r e d by t h e presence o f a new peak i n t h e spectrum o f t h i s 

polymer; t h e peak a t 2,200 cm ^ which may have a r i s e n from t h e 

f o r m a t i o n o f CEN, N=C=0 or C^c groups d u r i n g f i l m f o r m a t i o n -

none o f these groups are p r e s e n t i n t h e p a r e n t m o l e c u l e . 

The s p e c t r a o f t h e 50W plasma polymer was r e c o r d e d a g a i n 

4 hours l a t e r ( n o t shown i n F i g u r e 1.6). On t h e whole, t h e 

two s p e c t r a were v e r y s i m i l a r , t h e r e were however s l i g h t change 

One a l t e r a t i o n was i n t h e i n t e n s i t y o f t h e C=0 peak which had 

i n c r e a s e d s l i g h t l y i n the aged polymer sample and t h e o t h e r 

d i f f e r e n c e was i n t h e f o r m a t i o n o f broad s h o u l d e r s , o f unknown 

o r i g i n , i n t h e 1850 and 2600 cm r e g i o n s . 

The i n c r e a s e i n t h e c a r b o n y l peak may be due t o t h e r e ­

a c t i o n o f oxygen o r water w i t h t h e f r e e r a d i c a l s p r e s e n t i n 

the polymer f i l m , i.e. 
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+ ° 2 — * C „ C p. cf + -CH 

-C -
I 
+ 

+ H„0 
.OH 

FIGURE 1.7 R e a c t i o n o f a Free R a d i c a l w i t h Oxygen o r .Water 
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The c o r r e l a t i o n between t h e decrease i n f r e e r a d i c a l 

c o n c e n t r a t i o n and the subsequent i n c r e a s e i n the c a r b o n y l 

and p o s s i b l y t h e h y d r o x y l group as a f u n c t i o n o f t i m e has 
44 

been r e p o r t e d . 

One o f t h e problems a s s o c i a t e d w i t h plasma polymers w i t h 

r e g a r d t o t h e i r a n a l y s i s by c o n v e n t i o n a l t e c h n i q u e s i s t h e 

i n s o l u b i l i t y of t h e polymers t o most o r g a n i c s o l v e n t s , w h i c h 

a r i s e s from t h e h i g h l y c r o s s l i n k e d i n e r t n a t u r e of t h e f i l m . 

Thus, t e c h n i q u e s which r e q u i r e t h e a n a l y s i s of a s o l u t i o n 

w i l l be p r a c t i c a l l y u s e l e s s - i n c l u d e d i n t h i s group i s 

s o l u t i o n phase NMR - and as such cannot be d i r e c t l y a p p l i e d 

t o t h e a n a l y s i s of t h e s t r u c t u r e o f plasma polymers. S o l i d 

s t a t e NMR, however, i s a t e c h n i q u e which i s growing i n p o p u l -
45 

a r i t y as a means o f o b t a i n i n g s t r u c t u r a l i n f o r m a t i o n o f 

plasma polymers, where b o t h s a t u r a t e d and u n s a t u r a t e d e n v i r o n ­

ments can be d i s t i n g u i s h e d . T h i s t e c h n i q u e has a l s o been 

used t o s t u d y plasma polymers pr e p a r e d from "*~̂C l a b e l l e d 

compounds. I n t h i s i n s t a n c e , two carbon compounds were 

chosen, i.e. ethane, e t h y l e n e and a c e t y l e n e , ( o n l y 1 carbon 

was l a b e l l e d ) such t h a t i n f o r m a t i o n r e g a r d i n g each carbon t y p e 

c o u l d be d e r i v e d from t h e NMR s p e c t r a . ^ F i v e r e s o l v e d 

s p e c t r a l bands were apparent and were as s i g n e d t o =C ̂  / =CH 

and =CH 2, , H3H and ^CH 2, and f i n a l l y -CH3 groups. The 

h i g h degree o f b r a n c h i n g and c r o s s l i n k i n g was i m p l i e d by t h e 

h i g h number o f carbons, b o t h u n s a t u r a t e d and s a t u r a t e d , w h i c h 

were n o t d i r e c t l y bonded t o hydrogen. The degree o f u n s a t u r -

a t i o n p r e s e n t i n t h e polymer f i l m s was found t o be i n t h e o r d e r 
46 

e t h a n e < e t h y l e n e < a c e t y l e n e . 
Other p r o p e r t i e s o f plasma polymers which g r e a t l y hampers 

t h e use o f c o n v e n t i o n a l a n a l y t i c a l t o o l s are t h e u l t r a t h i n 
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n a t u r e o f these f i l m s which are o f t e n s t r o n g l y adherent t o 

th e s u b s t r a t e . Because of t h i s e x c e l l e n t b o n d i n g , the 

c o l l e c t i o n o f polymer m a t e r i a l f o r m i c r o a n a l y s i s o f t e n 

r e q u i r e s the f i l m t o be ' s c r a t c h e d ' away fr o m t h e s u b s t r a t e 

( u n l e s s e x p e r i m e n t a l c o n d i t i o n s can be found where d e p o s i t i o n 

i s such t h a t t h e f i l m s p h y s i c a l l y come away from t h e s u b s t r a t e , 

o r d e p o s i t i o n t a k e s t h e form of powders r a t h e r t h a n c o h e r e n t 

f i l m s ) . Thus t h e r e s u l t s o f any such e l e m e n t a l m i c r o a n a l ­

y s i s must be regarded w i t h a c e r t a i n amount o f c a u t i o n , s i n c e 

m a t e r i a l b e l o n g i n g t o the s u b s t r a t e r a t h e r t h a n t h e polymer 

may have been i n c l u d e d i n t h e sample a n a l y s e d . 

D i f f e r e n t i a l scanning c a l o r i m e t r y has shown t h a t plasma 

polymers have no phase t r a n s i t i o n p o i n t where d e c o m p o s i t i o n 

s t a r t s t o o c c u r , r a t h e r t h a t t h e r e i s a v e r y g r a d u a l decom­

p o s i t i o n o f t h e polymer w i t h i n c r e a s i n g t e m p e r a t u r e and i s a 

r e f l e c t i o n , on t h e whole, o f t h e t h e r m a l s t a b i l i t y o f these 
47 

m a t e r i a l s . A much more d e t a i l e d and complete d i s c u s s i o n 
o f t h e b u l k p r o p e r t i e s o f plasma p o l y m e r i z e d m a t e r i a l s can be 

48 
found i n the r e l e v a n t l i t e r a t u r e , t o g e t h e r w i t h an e x c e l l e n t 

49 
r e v i e w on t h e d i e l e c t r i c p r o p e r t i e s o f plasma polymers. 

The second a n a l y t i c a l approach, t h o s e g i v e n i n S e c t i o n B 

o f Table 1.2, i s t o r e l y on t h e s u r f a c e a n a l y s i s o f these 

m a t e r i a l s . Here, t h e t o p s u r f a c e l a y e r s - o f t e n l e s s t h a n 

100S - p r o v i d e d i r e c t i n f o r m a t i o n about t h e c o m p o s i t i o n and/or 

s u r f a c e energy s t a t e o f t h e polymer f i l m . 

C o n tact angle d e t e r m i n a t i o n s have been used t o i n v e s t i g a t e 

t h e p o l a r i t y o f these s u r f a c e s 5 0 and t h e p r o p e r t i e s have been 

shown t o r e f l e c t t h ose o f t h e i r c o n v e n t i o n a l c o u n t e r p a r t s . 

Plasma d e r i v e d f l u o r o c a r b o n f i l m s are o f low s u r f a c e f r e e 



energy, i.e. e x h i b i t l a r g e c o n t a c t angles as are the s u r f a c e s 

o f r e g u l a r f l u o r o c a r b o n polymers. On t h e o t h e r hand, oxygen 

c o n t a i n i n g s u r f a c e s e x h i b i t a w e t t a b i l i t y a p p r o p r i a t e t o a 

h i g h energy s u r f a c e s i m i l a r t o those o f c o n v e n t i o n a l oxygen 

c o n t a i n i n g polymers. 

The s u r f a c e energy of polymer f i l m s d e r i v e d from NVP 

have been shown t o be d i r e c t l y r e l a t e d t o t h e f l o w r a t e of 

the monomer and t h e power i n p u t t o the plasma. A h i g h e r 
-4 3 - i 

f l o w r a t e (1.3x10 cm min ) g i v e s a h i g h l y h y d r o p h i l i c 
polymer s u r f a c e whose c o n t a c t angle w i t h water i s l e s s than 5°. 

-5 3 -1 

On d e c r e a s i n g t h e f l o w r a t e t o 6.9x10 cnigrpp min , the s u r ­

face energy i s decreased and t h e s u r f a c e o f the plasma polymer 

becomes more h y d r o p h o b i c g i v i n g a c o n t a c t angle o f ^55° w i t h 

w a t e r . T h i s same t r e n d , i.e. an i n c r e a s e i n c o n t a c t angle 

i n d i c a t i n g a decrease i n s u r f a c e energy, i s apparent on i n ­

c r e a s i n g t h e plasma power i n t h e case o f t h e h i g h f l o w r a t e o f 

monomer, a t 5 and 10W th e d e p o s i t e d polymers are v e r y h y d r o p h i l i c 

b u t q u i c k l y change t o g i v e a c o n t a c t angle o f ^56° as the power 

i s i n c r e a s e d t o 15W. There i s no e f f e c t i n the s u r f a c e ener­

g i e s of t h e f i l m s d e p o s i t e d a t a low f l o w r a t e as a f u n c t i o n 

o f power. 
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The a p p l i c a t i o n o f SIMS t o p o l y m e r i c s u r f a c e s i s s t i l l 

i n i t s i n f a n c y and more s t u d i e s are r e q u i r e d t o enable t h e f u l l 

p o t e n t i a l of t h i s t e c h n i q u e t o be r e a l i s e d . I t w i l l be 

a p p a r e n t , however, by t h e f o l l o w i n g r e s u l t s and d i s c u s s i o n s 

on plasma p o l y m e r i z e d NVP t h a t t h i s s u r f a c e t e c h n i q u e i s com­

ple m e n t a r y t o , r a t h e r than an a l t e r n a t i v e t o , ESCA (see l a t e r 

S e c t i o n ) . 
To i n v e s t i g a t e t h e a p p a r e n t l y d i f f e r e n t polymers pr e p a r e d 



by t he plasma p o l y m e r i z a t i o n o f NVP with two d i f f e r e n t f l o w 

r a t e c o n d i t i o n s p o s i t i v e ion FAB/SIMS ( f a s t atom bombardment 

SIMS) da t a were c o l l e c t e d on a K r a t o s SIMS 800 system. The 

s p e c t r a o b t a i n e d f o r t h e h i g h and low f l o w r a t e polymers are 

shown i n Fig u r e s 1.81 and I I r e s p e c t i v e l y . I n b o t h s p e c t r a , 

fragments of mass g r e a t e r than 100 AMU o n l y appear a t v e r y 

low i n t e n s i t i e s , t h i s a r i s e s i n p a r t from t h e g r e a t e r i n s t a b i l ­

i t y o f h i g h e r mass fr a g m e n t s , and t h e g r e a t e r s e n s i t i v i t y o f 

the q u a d r o p o l e t o lower mass fragments (a p r e s e t c o n d i t i o n ) . 

E x p e r i m e n t a l c o n d i t i o n s were n o t c o m p l e t e l y o p t i m i s e d , more­

over, f o r a n a l y s i n g i n s u l a t i n g polymer samples. 

From a c u r s o r y g l a nce a t b o t h s p e c t r a t h e r e i s a remarkable 

degree o f s i m i l a r i t y between t h e f r a g m e n t a t i o n p a t t e r n s p r o ­

duced by b o t h polymer f i l m s , w h i c h a t f i r s t s i g h t may appear 

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

p a t t e r n s o f t h r e e groups o f peaks fet 27 28 29, 41 42 43 and 

55 56 57 AMU) are n o t c o n s t a n t between t h e two s p e c t r a . 

A l t h o u g h i t i s n o t t h e i n t e n t i o n o f t h i s d i s c u s s i o n t o under­

t a k e a comprehensive a n a l y s i s o f t h e s p e c t r a b u t r a t h e r t o 

h i g h l i g h t c e r t a i n f e a t u r e s w h i c h can be used as a m o n i t o r f o r 

t h e d i f f e r e n c e s between t h e two plasma p o l y m e r s , a p o s s i b l e 

peak assignment f o r t h e peaks o f i n t e r e s t i s g i v e n i n Table 1.3. 

Peak assignment i s c o m p l i c a t e d by t h e presence o f Na +, 

A l + and K + i o n contaminants w h i c h are i n v a r i a b l y p r e s e n t i n 

SIMS s p e c t r a and g i v e r i s e t o peaks a t 23, 27 and 39 AMU. 

Since t h e r e l a t i v e i n t e n s i t y o f t h e peak a t 27, which i s o f 

s p e c i a l i n t e r e s t i n t h e p r e s e n t case, i s n o t i n q u e s t i o n t h e 

problem due t o c o n t a m i n a t i o n i s o f no consequence i n t h e i n t e r ­

p r e t a t i o n o f t h e d a t a . I t s h o u l d be n o t e d however t h a t t h e 
+ 

peak a t 27 i s most l i k e l y t o be due m a i n l y t o o r g a n i c HC=CH2 

groups. 
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FIGURE 1.8 SIMS s p e c t r a o f plasma p o l y m e r i z e d NVP under 
h i g h ( I ) and low ( I I ) f l o w r a t e c o n d i t i o n s 
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TABLE 1.3 P o s s i b l e fragments a r i s i n g from p o s i t i v e i o n SIMS 
s p e c t r a o f plasma p o l y m e r i z e d NVP 

GrouD 1 

Group 2 

Group 3 

Peak/AMU 
( 27 

28 

41 

42 

43 

55 

56 

57 

P o s s i b l e Assignment f o r P o s i t i v e Fragments 

HC=CH„ 

CH2N CO 

CH2C=N, C 3H 5, C2HO, C 2H 3N 

C 2H 20, C 2H 4N 

CHNO, C 2H 30, C
2

H 5 N ' C 3 H 7 

C2HNO, C
3

H 3 ° » C 3 H 5 N ' C 4 H 7 

C2H2NO, C 3H 40, C 3H 6N, C 4Hg 

(CN 20, CH 2N 3, c
2 ° 2 ) 

C.H„, C,H-,N, C oH c0, CoH_N0, (C oH0 o 4 9 ' 3 7 3 5 2 3 , v 2 2 
N 4H, CHN2OJ 

From t h e s m a l l v a r i a t i o n i n t h e f r a g m e n t a t i o n p a t t e r n o f 

these t h r e e groups o f peaks i t i s apparent t h a t t h e change 

produced i n t h e plasma polymer by a l t e r i n g t h e f l o w r a t e con­

d i t i o n o f t h e monomer i s s u b t l e r a t h e r than d r a m a t i c . T h i s 

s u b t l e change i s m i r r o r e d by the ESCA a n a l y s i s o f t h e two 

plasma polymers d e r i v e d from t he d i f f e r e n t plasma c o n d i t i o n s . 

The a p p l i c a t i o n o f ESCA t o t h e study o f s t r u c t u r e and 

bonding i n polymer s u r f a c e s has been e x c e l l e n t l y d emonstrated 
52 

by C l a r k et at. I t s a p p l i c a t i o n i n t h e a n a l y s i s o f plasma 

polymers has proved i t s e l f i n v a l u a b l e s i n c e t h e i n h e r e n t p r o ­

p e r t i e s a s s o c i a t e d w i t h these m a t e r i a l s , which c r e a t e problems 

f o r c o n v e n t i o n a l a n a l y t i c a l t e c h n i q u e s , do n o t a f f e c t t h e 

a n a l y s i s o f t h e s u r f a c e o f t h e polymer f i l m by ESCA ( t h e K r a t o s 

ES300 sp e c t r o m e t e r r o u t i n e l y r e q u i r e s a s o l i d sample t o be i n ­

s e r t e d i n t o t h e s p e c t r o m e t e r ) . 
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As a summary, some of t h e i m p o r t a n t i n f o r m a t i o n l e v e l s 

a v a i l a b l e from ESCA s t u d i e s - which are used r o u t i n e l y i n t h e 

a n a l y s i s o f t h e plasma polymers p r e p a r e d h e r e i n - are l i s t e d 

below. 

1. E l e m e n t a l a n a l y s i s - by a comparison o f t h e v a r i o u s core 

l e v e l areas ( t o g e t h e r w i t h a knowledge o f t h e s e n s i t i v i t y 

f a c t o r s - see Appendix Two). 

2. F u n c t i o n a l group a n a l y s i s - s t r u c t u r a l f e a t u r e s can be 

d e t e r m i n e d by a knowledge o f t h e c h e m i c a l b i n d i n g energy 

s h i f t s produced i n a p a r t i c u l a r core l e v e l spectrum, 

e s p e c i a l l y t h e C^s core l e v e l , by the d i f f e r e n t f u n c t i o n a l 

groups c o n t a i n i n g t h a t element. 

3. Shake-up s t u d i e s t o i n v e s t i g a t e m a i n l y s h o r t range u n s a t u r -

a t i o n . I n f l u o r o p o l y m e r systems, t h e energy s e p a r a t i o n 

o f t h e shake-up s a t e l l i t e f r o m t h e d i r e c t p h o t o i o n i s a t i o n 

peak can a l s o g i v e an i n s i g h t i n t o t h e amount o f f l u o r i n -

a t i o n o f t h e polymer. 

4. A n g u l a r s t u d i e s - by i n c r e a s i n g t h e e l e c t r o n t a k e - o f f a n g l e , 

s u r f a c e f e a t u r e s can be enhanced. Thus by the j u d i c i o u s 

c h o i c e o f two d i f f e r e n t t a k e - o f f angles a c e r t a i n amount 

o f d e p t h p r o f i l i n g can be a c h i e v e d . 

R e t u r n i n g t o t h e problem o f t h e ' d i f f e r e n t ' plasma polymers 

d e r i v e d f r o m NVP, the C-̂ g envelopes p l u s component peak a n a l y s i s 

o f each polymer f i l m d e p o s i t e d i n t h e c o i l r e g i o n , under t h e two 

d i f f e r e n t monomer f l o w r a t e s , are shown i n F i g u r e 1.9. The 

N^ s and c o r e l e v e l s are n o t d e p i c t e d h e r e , b u t are s t r i k i n g l y 

s i m i l a r t o those d i s p l a y e d i n Chapter Seven, F i g u r e s 7.2 and 7.3 

f o r NVP d e r i v e d f i l m s , p o l y m e r i z e d w i t h wavelengths g r e a t e r t h a n 

130nm, under t h e two d i f f e r e n t f l o w r a t e c o n d i t i o n s . 
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FIGURE 1.9 C, envelopes, p l u s component peak a n a l y s i s , o f 
J. s 

plasma p o l y m e r i z e d NVP under h i g h and low f l o w r a t e s 

As w i t h t h e SIMS s p e c t r a , an i n i t i a l o b s e r v a t i o n on t h e 

shape o f the C^s envelope i n d i c a t e s a v e r y s t r o n g s i m i l a r i t y 

between the two d i f f e r e n t p o lymers. A more d e t a i l e d a n a l y s i s 

o f t h e component peaks shows t h e s u b t l e d i f f e r e n c e s i n b o t h t he 

b i n d i n g energy and i n t e n s i t y o f each component peak. Due t o 

t h e s i m i l a r i t y i n c h e m i c a l s h i f t s e x h i b i t e d by b o t h oxygen and 

n i t r o g e n c o n t a i n i n g groups i n s i m i l a r e n v i r o n m e n t s , t h e f u n c t ­

i o n a l groups g i v i n g r i s e t o t h e component peaks i n the C, 

envelopes of NVP d e r i v e d polymer f i l m s have o n l y been t e n t a t i v e l y 

a s s i g n e d (CH, C-O/C-N, 0=C-N and 0=C-O). Thus the d i f f e r e n c e s 

i n c o m p o s i t i o n o f t h e h i g h e r f l o w r a t e polymer g i v i n g r i s e t o 

s m a l l e r c h e m i c a l b i n d i n g energy s h i f t s and a reduced i n t e n s i t y 

o f t h e peak a t 288.7eV can n o t r e a l l y be d i s c u s s e d i n terms o f 

f u n c t i o n a l groups. T h i s d i f f e r e n c e , however, i s r e a l and 
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r e p r o d u c i b l e . One v e r y i n t e r e s t i n g o b s e r v a t i o n on polymer 
c o m p o s i t i o n i s i n the t r e n d s shown, by i n c r e a s i n g t h e power i n 
t h e h i g h e r f l o w r a t e system i n t h e sample d e p o s i t e d i n t h e c o i l 
r e g i o n . On i n c r e a s i n g t he power from 5 t o 15W t h e r e i s a dram­
a t i c i n c r e a s e i n the amount o f t h e hydrocarbon component fr o m 
62 t o 72%, t h i s i n c r e a s e i n C-H i s accompanied by a l a r g e de­
crease of 7% i n t h e component a t 287.4eV from 16-9%. (There 
i s a l s o a 2% i n c r e a s e i n the component peak a t 288.7eV w i t h a 
4% i n c r e a s e i n t h e peak a t 286eV - see F i g u r e L 1 0). T h i s 
sharp i n c r e a s e i n the i n t e n s i t y o f t h e C-H component m i r r o r s 
t h e e f f e c t o f power i n the c o n t a c t angle of t h e f i l m w i t h w a t e r 
over t h e same power range, namely a sharp i n c r e a s e f r o m <5° t o 65°. 

BE. 
73 C-H 285 
71 

69 

47 

65 

11 
286 63 

16 

CA. 70 

12 60 

10 50 
C.A. 2874 to 

I 

30 

20 

288 7 2 10 

10 20 30 M) 50 p ^ / y , 

FIGURE 1.10 E f f e c t of i n c r e a s i n g power input to plasma on 
component a n a l y s i s of C^ q envelope of NVP f i l m 
(deposited tn c o i l region using higher flow r a t e s ) 
and contact angle of the f i l m s with water 
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The same t r e n d s do n o t occur i n t h e lower f l o w r a t e polymer 

f i l m where c o n t a c t angles i n c r e a s e l i n e a r l y from 50-55° over 

t h e 5—SOW power range= 

The use o f ESCA i n i n v e s t i g a t i n g the s t r u c t u r e and 

bonding e x h i b i t e d i n plasma polymers has been e x t e n s i v e l y 
52 

d i s c u s s e d and re v i e w e d by C l a r k , as are the i n f o r m a t i o n l e v e l 

a v a i l a b l e from t h e ESCA s p e c t r a . A d e t a i l e d a n a l y s i s o f t h e 

i n s t r u m e n t a t i o n and t h e t h e o r y b e h i n d t h e ESCA experiment i s 

n o t reproduced h e r e , r a t h e r t h e rea d e r i s r e f e r r e d t o some o f 
53 

t h e e x c e l l e n t a r t i c l e s a v a i l a b l e i n the l i t e r a t u r e . 

1.7 F l u o r o c a r b o n versus Hydrocarbon Plasma P o l y m e r i z a t i o n 

An i n v e s t i g a t i o n i n t o t h e comparison o f the beh a v i o u r 

shown by hydrocarbons w i t h t h e i r analogous f l u o r o c a r b o n s has 
54 

been a t t e m p t e d by Yasuda et al . They concluded t h a t two 

e f f e c t s were p r e d o m i n a n t l y i m p o r t a n t w i t h i n each plasma: 

( i ) t h e a b s t r a c t i o n o f hydrogen o r f l u o r i n e 

( i i ) t h e c o m p e t i t i v e e t c h i n g e f f e c t o f t h e p r o d u c t gas. 

The a b s t r a c t i o n o f hydrogen has been shown t o be o f i m p o r t 

ance t o hydroca r b o n plasma p o l y m e r i z a t i o n u s i n g c l o s e d system 

e x p e r i m e n t s w i t h subsequent a n a l y s i s o f t h e gas phase, where 

hydrogen was found t o be one o f t h e major p r o d u c t gases. How­

ev e r , r e p e a t i n g t h e same exp e r i m e n t w i t h an analogous f l u o r o ­

carbon showed t h a t t h e y i e l d o f f l u o r i n e gas was g e n e r a l l y much 
54 

l e s s . T h i s has been a t t r i b u t e d t o two d i f f e r e n t phenomena: 

t h e f i r s t i s i n t h e bond s t r e n g t h o f F-C (116kcal/mol) i n com­

p a r i s o n t o H-C ( 9 9 k c a l / m o l ) . The f l u o r i n e - c a r b o n bond i s 
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s t r o n g e r , i n f a c t i t i s a l s o s t r o n g e r t h a n a C-C bond ( 8 3 k c a l / m o l ) , 

T h i s w o u l d s u g g e s t t h a t t h e b r e a k a g e o f C-C bo.nds a r e more f a v ­

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

p l a s m a s ; such b o n d b r e a k a g e s a r e u s u a l l y d e g r a d a t i v e , w h i c h 

w o u l d a g r e e w i t h t h e o b s e r v a t i o n t h a t f l u o r i n e c o n t a i n i n g com­

pounds g e n e r a l l y do n o t p o l y m e r i z e as w e l l as t h e i r c o r r e s -
32 

p o n d i n g h y d r o c a r b o n . 

The s e c o n d e f f e c t i s t h e r e a c t i v e n a t u r e o f t h e p r o d u c t 

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

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

e t c h i n g i t away. As s u c h , a b l a t i o n i s i n d i r e c t c o m p e t i t i o n 

w i t h p o l y m e r f o r m a t i o n . CF^ i s a w e l l known gas w h i c h c a u s e s 

e t c h i n g b u t n o t p o l y m e r f o r m a t i o n , w i t h i n a p l a s m a due t o t h e 

l a r g e q u a n t i t y o f r e a c t i v e f l u o r i n e f o r m e d . However, t h e 

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

i e n t r e m o v a l o f f l u o r i n e f r o m t h e s y s t e m by t h e f o r m a t i o n o f 

a much more s t a b l e HF m o l e c u l e , a l l o w i n g p o l y m e r f o r m a t i o n t o 

p r o c e e d . 3 ^ 

I n t h e case o f p e r f l u o r o b e n z e n e , of. benzene p l a s m a s , t h e 

amount o f f l u o r i n e p r o d u c t gas was f o u n d t o be n o t o n l y one 

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

a l s o gave t h e s m a l l e s t y i e l d o f F2 i n a l l o f t h e p e r f l u o r o 
54 

c a r b o n s e x a m i n e d . T h i s s u g g e s t s t h a t p o l y m e r e t c h i n g b y 

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

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

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

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

PFB d e r i v e d p o l y m e r f i l m s w h i c h show a r e t e n t i o n o f monomer 

s t o i c h i o m e t r y . 
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1.8 Plasma C o p o l y m e r i z a t i o n versus Plasma C o d e p o s i t i o n 

C o m p o s i t i o n a l a n a l y s i s o f p l a s m a p o l y m e r s , t o d a t e , has 

been b a s e d m a i n l y on p o l y m e r s p r o d u c e d by p u r e gas p l a s m a s . 

As e x a m p l e s , p e r f l u o r o b e n z e n e has been shown t o u n d e r g o e x ­

t e n s i v e r e a r r a n g e m e n t i n a p l a s m a , r e s u l t i n g i n a p o l y m e r 

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

monomer; w h i l s t TMT g i v e s r i s e t o f i l m s w h i c h a r e r i c h i n 
55 

o x y g e n due t o t h e o x i d a t i o n o f t h e t i n c o n t a i n i n g s p e c i e s . 

Plasma c o d e p o s i t i o n r e s u l t i n g f r o m a m i x e d PFB/TMT 

pl a s m a w o u l d be e x p e c t e d t o r e s u l t i n a p o l y m e r f i l m w h i c h 

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

i.e. t h e h i g h o x i d a t i o n a s s o c i a t e d w i t h TMT, and t h e p r o ­

d u c t i o n o f C-CF, and CF^ f u n c t i o n a l g r o u p s as i n p l a s m a 

p o l y m e r i z e d PFB. M o r e o v e r , t h e c o m p o s i t i o n o f t h e f i l m 

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

p o n e n t . I n t h i s i n s t a n c e a PFB/TMT p o l y m e r w o u l d be e x p e c t e d 

t o be much r i c h e r i n t h e o r g a n o m e t a l l i c component due t o t h e 

much h i g h e r d e p o s i t i o n r a t e o f TMT compared t o PFB. I n o t h e r 

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

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

No i n t e r a c t i o n w o u l d be e x p e c t e d t o o c c u r b e t w e e n t h e comonomers. 

Such an e x a m p l e i s seen i n t h e i n d e p e n d e n t s p u t t e r i n g o f g o l d 
5 6 

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

f i l m c o n t a i n e d e l e m e n t a l m e t a l h e l d , b u t n o t bo u n d , w i t h i n t h e 

p o l y m e r m a t r i x . 

C o p o l y m e r i z a t i o n on t h e o t h e r h a n d w o u l d r e s u l t i n t h e 

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

a l t e r e d b y t h e p r e s e n c e o f t h e s e c o n d monomer. A l t h o u g h com­

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

e l e m e n t a l m e r c u r y c a u s e d t h e f o r m a t i o n o f o r g a n o - m e t a l bonds 

t o be f o r m e d w i t h i n t h e p o l y m e r f i l m . " ^ A b e t t e r e x ample 

i s seen i n t h e c o p o l y m e r i z a t i o n o f PFB/TMT. J The compos­

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

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

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

C o p o l y m e r i z a t i o n r e s u l t s i n (1) a much g r e a t e r r e t e n t i o n o f t h e 

a r o m a t i c n a t u r e o f t h e PFB monomer and i n h i b i t s t h e o x i d a t i v e 

t e n d e n c i e s o f t h e m e t a l , and (2) t h e c o p o l y m e r c o m p o s i t i o n 
55 

shows an e f f e c t i v e l y 1:1 i n c o r p o r a t i o n o f t h e t w o monomers. 

1.9 I n d u s t r i a l A p p l i c a t i o n s o f Plasma P o l y m e r i z e d f i l m s 

Plasma p o l y m e r i z e d f i l m s show a w i d e s p r e a d p r o m i s e i n a 

v a r i e t y o f a p p l i c a t i o n s . The v e r y u n i q u e and s u p e r i o r n a t u r e 

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

c o v e r a g e , and s t r o n g r e s i s t a n c e t o c h e m i c a l s , eta. l e n d s 

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

where t h e s e c h a r a c t e r i s t i c s a r e e x t r e m e l y i m p o r t a n t . Here 

a s a m p l e w i t h t h e r e q u i r e d b u l k p r o p e r t i e s c a n be u s e d as a 

s u b s t r a t e f o r t h e p l a s m a p o l y m e r i z a t i o n e x p e r i m e n t and t h u s 

may a c q u i r e s u r f a c e p r o p e r t i e s w h i c h w o u l d n o t o t h e r w i s e be 

c o m p a t i b l e w i t h t h e b u l k p r o p e r t i e s . 

The use o f p l a s m a p o l y m e r f i l m s as p r o t e c t i v e c o a t i n g s , 
5 8 

e.g. f o r KBr o p t i c a l w i n d o w s r e l i e s on t h e p i n h o l e - f r e e 

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

n e t w o r k h a v i n g a g o o d a d h e s i o n t o t h e s u b s t r a t e . The p a r t i c ­

u l a r p r o p e r t i e s o f p l a s m a p o l y m e r i s e d f i l m s make them i d e a l 

f o r t h i n f i l m c a p a c i t o r s , ̂  i n s u l a t i n g f i l m s * * 0 and c o r r o s i o n 
6 1 

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

r e q u i r e s s e v e r a l s t e p s : (1) P o l y m e r i z a t i o n o f t h e monomer t o 

f o r m e i t h e r t h e i n t e r m e d i a t e p o l y m e r (needs f u r t h e r p r o c e s s i n g ) , 

o r t h e p o l y m e r (2) p r e p a r a t i o n o f c o a t i n g s o l u t i o n , (3) 

c l e a n i n g a n d / o r c o n d i t i o n i n g o f s u b s t r a t e s u r f a c e , (4) a p p l i c ­

a t i o n o f c o a t i n g , (5) d r y i n g o f c o a t i n g (6) c u r i n g . 

I n p l a s m a p o l y m e r i z a t i o n , h o w e v e r , a l l t h e s e f u n c t i o n a l 

s t e p s a r e r e p l a c e d by an e s s e n t i a l l y o n e - s t e p p r o c e s s s t a r t i n g 

f r o m a r e l a t i v e l y s i m p l e gas o r m i x t u r e o f gases w i t h t h e 

added a d v a n t a g e t h a t t h e monomer t o be p o l y m e r i z e d need n o t 

c o n t a i n c o n v e n t i o n a l r e a c t i v e g r o u p s . F u r t h e r , p r o c e s s i n g 

i s c a r r i e d o u t on a ' c l e a n ' e n v i r o n m e n t o f a p a r t i a l vacuum 

m i n i m i s i n g f a u l t s a r i s i n g f r o m c o n t a m i n a t i o n s u c h as d u s t . 

The p r o b l e m s a s s o c i a t e d w i t h t h e use o f p o t e n t i a l l y t o x i c 

c h e m i c a l s , i.e. s a f e t y and d i s p o s a l , not t o m e n t i o n t h e a s s o c ­

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

r e d u c e d . 

P o l y m e r d e p o s i t i o n i n a p l a s m a has t h e f u r t h e r a d v a n t a g e 

t h a t i t i s n o t g r e a t l y a f f e c t e d by t h e n a t u r e o f t h e s u b s t r a t e , 
6 2 

e.g. p o l y m e r , m e t a l o r g l a s s . The p r o c e s s i s t h e r e f o r e 

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

does t h e shape o f t h e s u b s t r a t e a f f e c t t h e c h a r a c t e r o f t h e 

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

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

t h i n f i l m o n t o a s u b s t r a t e o f t h e u s e r s c h o i c e . F u r t h e r , 

p l a s m a p o l y m e r i z a t i o n may be r e l i e d upon t o g i v e c o m p o s i t i o n s 

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

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

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

w i t h i n t h e p l a s m a zone, and t h e e x a c t i n f l u e n c e o f t h e 

v a r i a b l e s , e.g. r e a c t o r c o n f i g u r a t i o n , s u b s t r a t e t e m p e r a t u r e , 

etc. i n h e r e n t i n a p l a s m a p o l y m e r i z a t i o n e x p e r i m e n t . T h i s 

means t h a t a s p e c i f i c p r e d e t e r m i n e d p o l y m e r s t o i c h i o m e t r y 

c a n n o t be p r o d u c e d - p o l y m e r t a i l o r i n g - n o r can t h e b e h a v i o u r 

o f a s p e c i f i c monomer be p r e d i c t e d p r i o r t o i t s p o l y m e r i z a t i o n . 

Work i n t h i s t h e s i s , h o w e v e r , has a t t e m p t e d t o h e l p r e ­

s o l v e b o t h o f t h e s e p r o b l e m s ; t o t a i l o r p o l y m e r f i l m s b y t h e 

use o f a s e c o n d monomer - e i t h e r p o l y m e r i z a b l e o r n o n - p o l y m e r -

i z a b l e i n i t s own r i g h t - and t o g a i n an i n s i g h t i n t o t h e 

p r o b a b l e b e h a v i o u r o f a monomer i n a p l a s m a t h r o u g h an e x a m i n ­

a t i o n o f i t s p h o t o c h e m i s t r y . 
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2.1 I n t r o d u c t i o n 

The use o f f l u o r i n a t e d o r g a n i c compounds as s t a r t i n g 

m a t e r i a l s i n a p l a s m a p o l y m e r i z a t i o n e x p e r i m e n t i s v e r y 

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

b ased on t h e f o l l o w i n g u n r e l a t e d f a c t s : 

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

p o l y m e r s y s t e m s , and 

( i i ) a g r e a t e r e a se o f i n t e r p r e t a t i o n o f ESCA d a t a . 

The f i r s t p r a c t i c a l and i n d u s t r i a l a p p l i c a t i o n o f 

f l u o r i n a t e d o r g a n i c compounds was t h e i n t r o d u c t i o n o f 

f l u o r o d e r i v a t i v e s o f m e t h a n e and e t h a n e i n t o r e f r i g e r a t i o n . ' ' " 

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

t h e use o f s u c h m a t e r i a l s h a v e s p r e a d i n t o many d i v e r s e a r e a s 

o f a p p l i c a t i o n s s u c h as l u b r i c a n t s , w a t e r and o i l r e p e l l a n t s 

f i n i s h e s i n t e x t i l e s , a d h e s i v e s , f i r e e x t i n g u i s h e r s , a n a e s ­

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

many uses o f f l u o r o c o m p o u n d s t h e i n d u s t r i a l l y i m p o r t a n t a r e a s 

r e m a i n i n r e f r i g e r a n t s , p r o p e l l a n t s and f l u o r i n a t e d p o l y m e r s . 

One o f t h e m o s t w e l l known f l u o r o p o l y m e r s i s p o l y t e t r a -

f l u o r o e t h y l e n e (PTFE) w h i c h owes i t s p o p u l a r i t y t o t h e f a c t 

t h a t PTFE i s one o f t h e m o s t c h e m i c a l l y and t h e r m a l l y s t a b l e 
2 

a d d i t i o n p o l y m e r s known, w i t h a m u l t i t u d e o f a p p l i c a t i o n s 

r a n g i n g f r o m s e l f l u b r i c a t i n g b e a r i n g s , e l e c t r i c a l i n s u l a t i o n , 

and l a b o r a t o r y g l a s s w a r e , t o n o n - s t i c k c o a t i n g s i n pans and 

b a k e w a r e . 

One o f t h e m a i n d i s a d v a n t a g e s a s s o c i a t e d w i t h t h e usage 

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

S i n c e many a p p l i c a t i o n s r e s u l t f r o m t h e s u r f a c e p r o p e r t i e s 



50 

e x h i b i t e d by f l u o r o p o l y m e r s , i.e. t h e i r v e r y l o w s u r f a c e 

f r e e e n e r g y and low c o e f f i c i e n t s o f f r i c t i o n , a t t e m p t s 

h a v e been made t o c o n v e r t c o n v e n t i o n a l p o l y m e r s t o f l u o r i n -
3 

a t e d p o l y m e r s by p o s t t r e a t m e n t w i t h f l u o r i n e . T h i s 

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

t h e use o f a c h e m i c a l l y v e r y r e a c t i v e e l e m e n t . However 

p l a s m a p o l y m e r i z a t i o n p r o v i d e s an a t t r a c t i v e a l t e r n a t i v e 

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

s i r e d c h a r a c t e r i s t i c s , on b u l k p o l y m e r s u b s t r a t e s . T h i s 

a l s o has t h e added a d v a n t a g e o f b e i n g a s i n g l e s t e p in situ 

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

i n a c l e a n e n v i r o n m e n t o f a p a r t i a l vacuum. 

The g l o w d i s c h a r g e s y n t h e s i s o f p o l y m e r s has been a 

p a r t i c u l a r l y a c t i v e a r e a o f r e s e a r c h due t o t h e p a r t i c u l a r 

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

w h i c h e x h i b i t s u p e r i o r p h y s i c a l , c h e m i c a l , e l e c t r i c a l and 
4 

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

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

number o f d i f f i c u l t i e s i n a n a l y s i s . The i n s o l u b l e n a t u r e 

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

n i q u e s , a nd t h e t h i n n a t u r e o f p l a s m a p o l y m e r s p r e s e n t s 

d i f f i c u l t i e s i n b u l k sample a n a l y t i c a l t e c h n i q u e s . 

ESCA has been p r o v e d t o be an i d e a l s p e c t r o s c o p i c t o o l 

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

m e r s . ^ The u s e o f f l u o r o m o n o m e r s has t h e a d v a n t a g e t h a t i t 

a l l o w s c o m p o s i t i o n a l i n f o r m a t i o n on t h e s t r u c t u r e o f t h e 

f l u o r o p l a s m a p o l y m e r t o be o b t a i n e d f r o m an ESCA C^ g s p e c t r u m . 

T h i s b e n e f i t i s d e r i v e d f r o m t h e e l e c t r o n e g a t i v i t y o f t h e 

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

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

i s l a r g e and w e l l d o c u m e n t e d and p r o v i d e s a c o n v e n i e n t means 

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

The f l u o r o b e n z e n e s h a v e , i n p a r t i c u l a r , b e e n t h e sub­

j e c t o f an e x t e n s i v e i n v e s t i g a t i o n i n t o t h e i r p l a s m a p o l y m e r ­

i z a t i o n b e h a v i o u r w i t h t h e s u b s e q u e n t ESCA a n a l y s i s o f t h e 
6 c e—h 

s u r f a c e c o m p o s i t i o n o f t h e d e p o s i t e d f i l m . ' The w o r k 

p r e s e n t e d i n t h i s c h a p t e r f o r m s an e x t e n s i o n t o t h i s i n v e s t ­

i g a t i o n b y e x a m i n i n g t h e s u r f a c e c o m p o s i t i o n o f p l a s m a p o l y ­

mers p r e p a r e d f r o m o t h e r f l u o r i n a t e d a r o m a t i c compounds und e r 

a v a r i e t y o f c o n d i t i o n s . T h i s s t u d y a l s o f o r m s t h e b a s i s 

o f w o r k c a r r i e d o u t on c o p o l y m e r i z a t i o n w h i c h i s p r e s e n t e d 

i n t h e f o l l o w i n g c h a p t e r s . 

2.2 E x p e r i m e n t a l 

2.2.1 Plasma P o l y m e r i z a t i o n 

Plasma p o l y m e r i z a t i o n s w e r e p e r f o r m e d i n t u b u l a r 

p y r e x r e a c t o r s . Two m a i n d e s i g n s w e r e u s e d and t h e s e a r e 

shown i n F i g u r e 2 . 1 . The s h o r t e r r e a c t o r was u s e d m a i n l y 

f o r c o p o l y m e r i z a t i o n w o r k , when a g l a s s s i d e was i n s e r t e d 

a l o n g t h e l e n g t h o f r e a c t o r . A l u m i n i u m s u b s t r a t e s w e re t h e n 

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

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

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

w o r k i n t h i s c h a p t e r ) when t h e a l u m i n i u m s u b s t r a t e s w e r e 

p l a c e d on t h e t o p o f t h e g l a s s o i l bed. T h i s o i l b e d was 

c o n n e c t e d t o a t h e r m o s t a t i c a l l y c o n t r o l l e d s i l i c o n o i l b a t h 

t o g i v e a t e m p e r a t u r e r a n g e f r o m room t e m p e r a t u r e t o 200°C. 
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FIGURE 2.1 Experimental r e a c t o r c o n f i g u r a t i o n s 
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The r e a c t o r was i n s e r t e d i n an a l l g l a s s , 

g r e a s e - f r e e vacuum l i n e . F l a n g e d j o i n t s and t h e c o l d 

t r a p w e r e s e a l e d w i t h V i t o n 0 r i n g s w h i l s t a l l o t h e r 

c o n n e c t i o n s w e r e made w i t h C a j o n u l t r a t o r r c o u p l i n g s 

on g r o u n d g l a s s . Vacuum t a p s w e re s e a l e d w i t h PTFE 

s t o p p e r s . 

A s c h e m a t i c o f t h e e x p e r i m e n t a l c o n f i g u r a t i o n 

i s shown i n F i g u r e 2.2. An Edwards ED2M2 2£s 1 m e c h a n i c a l 

r o t a r y pump was use d t o e v a c u a t e t h e vacuum l i n e . The c o l d 

t r a p , i t s e l f a c t i n g as a pump, was u s e d w i t h l i q u i d a i r b o t h 

t o t r a p o u t r e a c t i v e / w a s t e p r o d u c t s b e f o r e r e a c h i n g t h e pump 

and t o s t o p any b a c k s t r e a m i n g o f pump o i l f r o m o c c u r r i n g . 

T h i s p u m p i n g s y s t e m gave a t y p i c a l base p r e s s u r e o f aa. 
-2 

2x10 mb. P r e s s u r e measurements w e r e made u s i n g a P i r a n i 

t h e r m o c o u p l e gauge. 

B e f o r e e a c h d e p o s i t i o n i n v o l v i n g a new 'monomer' 

t h e r e a c t o r and end caps were c l e a n e d w i t h a h a r d n y l o n b r u s h 

u s i n g a c e t o n e , d e t e r g e n t and s a l t , washed t h o r o u g h l y w i t h 

w a t e r / d i s t i l l e d w a t e r and t h e n a c e t o n e b e f o r e b a k i n g i n a 

vacuum o v e n . The n e e d l e v a l v e a s s e m b l y was a l s o d i s a s s e m b l e d 

and p l a c e d i n t h e o v e n t o remove any t r a c e s o f t h e o r g a n i c 

monomer and so p r e v e n t i n g any 'memory' e f f e c t s f r o m o c c u r r i n g 

P r i o r t o t h e s t a r t o f each e x p e r i m e n t , t h e l e a k 

r a t e o f t h e vacuum l i n e was t e s t e d , by c l o s i n g o f f t h e pump­

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

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

(A h i g h l e a k r a t e can cause an u n a c c e p t a b l e amount o f o x y g e n 

a n d / o r n i t r o g e n t o be i n c o r p o r a t e d i n t o t h e p o l y m e r f i l m 

d u r i n g p o l y m e r i z a t i o n ) . The monomer v a p o u r was t h e n ' l e a k e d 
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t h r o u g h an Edward^needlevalve t o t h e d e s i r e d p r e s s u r e and 

i t s f l o w r a t e measured. Th i s was ach i e v e d by c l o s i n g o f f 

the pumping t o t h e system and m o n i t o r i n g t h e i n c r e a s e o f 

pr e s s u r e due t o t h e unaided f l o w o f t h e o r g a n i c vapour i n t o 

t h e r e a c t o r . A l l plasma p o l y m e r i z a t i o n e x p e r i m e n t s were 

performed w i t h a dynamic f l o w o f monomer vapour t h r o u g h t h e 

r e a c t o r , i.e. the r e a c t o r was open t o t h e pumping system 

d u r i n g t h e p e r i o d o f ex p e r i m e n t . 

The r . f . power s u p p l i e d by an r . f . (13.56MHz) 

g e n e r a t o r was i n d u c t i v e l y c o u p l e d t o the r e a c t o r via an 

e x t e r n a l l y wound 9 t u r n copper c o i l , and capable o f d e l i v e r ­

i n g from O.J- -150 Watts. The g e n e r a t o r was matched t o t h e 

e x t e r n a l i n d u c t i v e l o a d via an L-C mat c h i n g network. A 

DIAWA SW110A meter was used t o measure t h e s t a n d i n g wave 

r a t i o and r . f . power ( F i g u r e 2 . 2 ) . Maximum power t r a n s f e r , 

t o t h e e x t e r n a l c i r c u i t occurs when t h e s t a n d i n g wave r a t i o 

i s a t a minimum, t h e optimum v a l u e b e i n g 1. 

A l l monomers, except f o r t h e b i p h e n y l s and t h e 

nap h t h a l e n e s , were degassed by a l t e r n a t e f r e e z e - t h a w c y c l e s 

p r i o r t o use. The b i p h e n y l s and naphthalenes were used as 

bought. A l l were s u p p l i e d by t h e f o l l o w i n g commercial sources 

A l d r i c h - 4- F l u o r o - and 2 - f l u o r o b i p h e n y l ( 9 7 9 ) , D e c a f l u o r o -

b i p h e n y l ( 9 9 + % ) , O c t a f l u o r o b i p h e n y l ( 9 8 % ) . 

B r i s t o l Organics L t d . - P e r f l u o r o b e n z e n e ( 9 9 . 5 % ) , O c t a f l u o r o -

naphthalene ( 9 9 . 5 % ) . 

Koch L i g h t L a b o r a t o r i e s - 1-Fluo r o n a p h t h a l e n e ( > 9 9 % ) . 

For t h e p o l y m e r i z a t i o n o f t h e naphthalene and b i ­

p h e n y l s , a sample o f t h e s o l i d was crushed and th e n p l a c e d i n 

a t u b e , s e a l e d a t one end, and connected d i r e c t l y t o t h e 
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r e a c t o r end cap. Hence f l o w r a t e s / p r e s s u r e s c o u l d o n l y 

be v e r y c r u d e l y ' c o n t r o l l e d ' by h e a t i n g t he sample and so 

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

A f t e r each d e p o s i t i o n p e r i o d , of. aa. 10 minutes, 

t h e r e a c t o r was l e t up t o atmosphere u s i n g argon or n i t r o g e n . 

The sample was the n t r a n s f e r r e d t h r o u g h a i r t o the s p e c t r o ­

meter f o r a n a l y s i s . A l l samples were analysed almost 

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

2.2.2 ESCA A n a l y s i s 

Samples were mounted onto a t h r e e s i d e d probe 

t i p , measuring a p p r o x i m a t e l y 19mm by 6mm, by double s i d e d 

Scotch a d h e s i v e t a p e . The t i p was the n mounted on t o t h e 

end o f a probe and i n s e r t e d i n t o t h e s p e c t r o m e t e r . A l l 

analyses were c a r r i e d o u t on a Kr a t o s ES3O0 s p e c t r o m e t e r , 

w i t h Mg i r r a d i a t i o n , o f 1253.6eV energy, u s i n g an e l e c t -
K C t l , 2 

r o n t a k e - o f f a ngle o f 35 . Depth p r o f i l i n g was achieved by 

u s i n g a h i g h e r t a k e - o f f angle o f 70°. 

The ES300 spe c t r o m e t e r i s c o n t r o l l e d by t h e 

K r a t o s DS300 d a t a system which i s based on an LSI-11 m i n i ­

computer r u n n i n g under RT-11. Data a c q u i r e d i s s t o r e d on 

f l o p p y d i s c , and t h e r e p e a t e d scanning o f up t o 10 r e g i o n s 

i s a l l o w e d . The d a t a a n a l y s i s package p r o v i d e s f o r , amongst 

o t h e r s , t h e a d d i t i o n , comparison, s u b t r a c t i o n , d i f f e r e n t i a t i o n 

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

a peak f i t t i n g / s y n t h e s i s r o u t i n e . 

Component analyses were a c h i e v e d , f o l l o w i n g l i n e a r 

background s u b t r a c t i o n by u s i n g g a u s s i a n peaks w i t h a c o n s t a n t 
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f u l l w i d t h a t h a l f h e i g h t . C^s component peak p o s i t i o n s 

were assigned by r e f e r e n c e t o the e x p e r i m e n t a l l y d e t e r m i n e d 

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

samples and are c o n s t a n t t o w i t h i n ±0.3eV. The one v a r i a b l e 

parameter i s t h a t o f peak h e i g h t . T h i s was a l t e r e d t o g e t 

th e b e s t c h e m i c a l f i t . 

2.2.3 O p t i c a l Emission A n a l y s i s 

O p t i c a l e m i s s i o n s p e c t r a were r e c o r d e d u s i n g an 

E.G. and G.OMA I I I system w i t h a p o l y c h r o m a t o r and di o d e 

a r r a y d e t e c t o r . The di o d e a r r a y d e t e c t o r was i n t e n s i f i e d 

over t h e main scan r e g i o n and t h i s s h o u l d be remembered when 

l o o k i n g a t t h e o p t i c a l e m i s s i o n s p e c t r a . The use o f a p o l y ­

chromator and di o d e a r r a y d e t e c t o r d u r i n g d a t a a c q u i s i t i o n 

can be v e r y i m p o r t a n t when l o o k i n g a t t h e e m i s s i o n f r o m a 

plasma. I f t h e r a t e o f polymer d e p o s i t i o n i s f a i r l y f a s t , 

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

t h e window w i l l q u i c k l y be a t t e n u a t e d and stopped by polymer 

d e p o s i t i o n o n t o t h e window. A scanning monochromator may 

n o t be s u f f i c i e n t l y f a s t enough t o scan t h r o u g h t h e r e q u i r e d 

wavelengths b e f o r e t h e plasma polymer s e r i o u s l y i n t e r f e r e s 

w i t h t h e l i g h t e m i t t e d from t h e plasma. U n f o r t u n a t e l y i n ­

c r e a s i n g t h e d a t a a c q u i s i t i o n t i m e does n o t p r o v i d e a s o l u t i o n 

s i n c e t h e c o n t i n u e d d e p o s i t i o n o f polymer w i l l l e a d , sooner 

or l a t e r , t o a t o t a l b l o c k o f l i g h t t r a n s m i s s i o n t h r o u g h t h e 

window. S p e c t r a were r e c o r d e d , u s i n g a scan t i m e o f 20 m i l l i ­

seconds w i t h two r e s o l u t i o n s . A wide scan u s i n g a low r e s o l ­

u t i o n covered t h e r e g i o n from ^230-600nm, A h i g h r e s o l u t i o n 

scan was t h e n o b t a i n e d over t h e 250-300nm r e g i o n . 



58 

The r e a c t o r c o n f i g u r a t i o n , o f s i m i l a r dimensions 

t o t h e o i l bed r e a c t o r , c o n s i s t e d o f a q u a r t z g l a s s window 

mounted, p r i o r t o t h e c o i l , on t h e r e a c t o r ' s s i d e . T h i s 

window was demountable, f a c i l i t a t i n g t h e removal o f plasma 

polymer i n between each plasma a n a l y s i s . 

The s p e c t r a shown i n t h i s c h a p t e r were a c q u i r e d 

u s i n g 5,000 scans, i.e. an a c q u i s i t i o n t i m e o f 100 seconds. 

2.2.4 C a l c u l a t i o n o f Flow Rate 

Working i n t h e vacuum range, i.e. t h e range used 

i n plasma p o l y m e r i z a t i o n s , gases and vapours can be c o n s i d e r e d 
7 

i d e a l gases and as such obey t h e i d e a l Gas Law : 

pV = nRT 

where n = no. o f moles o f gas; R = gas c o n s t a n t ; T = a b s o l u t e 

t e m p e r a t u r e (K) 
3 

p = p r e s s u r e ( t o r r ) and V = volume o f t h e system (m ) . 
Based on t h i s Law, t h e q u a n t i t y o f gas i n a 

system can be expressed by t h e volume o f gas a t t h e s t a n d a r d 
3 3 s t a t e , e.g. cm g^p and t h e f l o w r a t e as cm g^p/sec. 

dn dP V , -1 f l o w r a t e = -rr = -rr ™ = x mol sec d t d t RT 

3 1 -5 as 1 cm S T p = 22 414 m o 1 = 4 « 4 6 x l O mol 

3 
t h e q u a n t i t y o f gas g i v e n i n cm /min i s : 

t) J. I t 
x x 60 3 . -1 f l o w r a t e = 4 > 4 6 x 1 0 - b cm S T p mm 

2.2.5 C a l c u l a t i o n o f Leak Rate 

The l e a k r a t e i s g i v e n by t h e e q u a t i o n : 
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T v. 4. V (L) x AP ( t o r r ) , - 1 
L e a k r a t e = R.T(K).Time (s) = m o 1 S S C 

To o b t a i n an a c c u r a t e f l o w r a t e , t h e l e a k r a t e 

v a l u e i s t a k e n away from t h a t c a l c u l a t e d f o r the f l o w r a t e . 

However, t h i s i s based on t h e assumption t h a t t h e l e a k r a t e 

i s independent o f p r e s s u r e - t h a t t h e l e a k r a t e d e t e r m i n e d 

a t base vacuum i s the same as t h e l e a k r a t e of t h e system 

w i t h t h e d e s i r e d monomer p r e s s u r e - i n most cases t h i s 

a p p r o x i m a t i o n i s s u f f i c i e n t l y a c c u r a t e s i n c e the f l o w r a t e 

v a l u e w i l l be an o r d e r or two o f magnitude g r e a t e r t h a n t h e 

l e a k r a t e . 

2.3 R e s u l t s and D i s c u s s i o n s 

2.3.1 Plasma Poly m e r i z e d Per f l u o r o b e n z e r i e (PFB) 

T y p i c a l examples o f t h e C^s, F^ s and 0^ s c o r e l e v e l 

s p e c t r a from plasma p o l y m e r i z e d p e r f l u o r o b e n z e n e a r e shown i n 
6c 

F i g u r e 2.3. As has a l r e a d y been n o t e d i n p r e v i o u s s t u d i e s 

o f t h i s polymer, t h e o v e r a l l band p r o f i l e s o f each o f t h e 

l e v e l s s t u d i e d , and t h e i r r e l a t i v e area r a t i o s , remain e s s e n t ­

i a l l y c o n s t a n t over a wide range o f o p e r a t i n g parameters so 

no m e n t i o n i s made here o f t h e e x p e r i m e n t a l v a r i a b l e s r e s u l t i n g 

i n t h i s p a r t i c u l a r plasma polymer. However, t h e s e c o r e l e v e l 

s p e c t r a w i l l s e r ve as s u i t a b l e examples t o e x p l a i n some o f 

t h e phenomena a s s o c i a t e d w i t h plasma p o l y m e r i z a t i o n and t h e 

subsequent a n a l y s i s o f t h e polymers by ESCA. 

The 0^ g c o r e l e v e l , p r e s e n t i n n e a r l y a l l plasma 

polymers a l b e i t a t a v e r y low l e v e l ( C ^ i O q q 3 ) i s s i t u a t e d 

a t a p p r o x i m a t e l y 533.5eV. The spectrum i s u s u a l l y a b r o a d 

complex band made up o f a t l e a s t two components due t o 
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polymerized PFB 

1 ' 6o 
-C - 0 , and C = 0 f u n c t i o n a l i t i e s and p o s s i b l y i n more 

i i 
I ? 

h i g h l y oxygenated systems, a l s o C = 0 and C - O -. Th i s 
' H 0 O 

oxygen contamination i s thought to a r i s e from two p o s s i b l e 

s o u r c e s . The f i r s t source i s due to any sma l l leak i n the 

vacuum l i n e . I t has been demonstrated t h a t even i f plasma 

po l y m e r i z a t i o n i s c a r r i e d out in situ, i.e. the plasma r e ­

a c t o r i s connected d i r e c t l y to the e l e c t r o n spectrometer so 

the sample does not 'see' atmosphere that there i s s t i l l a 
sma 11 s i g n a l from the 0^ g core l e v e l 6g Due to the h i g h l y 
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c r o s s - l i n k e d n a t u r e o f t h e plasma polymer i t i s known t h a t 

d u r i n g p o l y m e i z a t i o n t h i s m a t r i x can ' t r a p o u t ' p r o d u c t s o f 
g 

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

mer w i l l t h e n c o n t a i n a l a r g e number o f u n p a i r e d s p i n s , i.e. 

r a d i c a l s . These t r a p p e d r a d i c a l s , b e i n g v e r y r e a c t i v e , can 

t h e n r e a c t w i t h oxygen i n the atmosphere. u However, t h i s 

source o f c o n t a m i n a t i o n was n o t a s e r i o u s problem w i t h t h e 

f l u o r i n a t e d a r o m a t i c s as can be seen by t h e v e r y low l e v e l 

o f oxygen a s s o c i a t e d w i t h the polymer a f t e r b e i n g t r a n s f e r r e d 

t h r o u g h a i r t o t h e s p e c t r o m e t e r ; so no s p e c i a l p r e c a u t i o n s 

were t a k e n . 

The second source o f oxygen c o n t a m i n a t i o n has 

a l s o been t h o u g h t t o be due t o t h e d e s o r b t i o n o f low mole­

c u l a r w e i g h t oxygen c o n t a i n i n g s p e c i e s f r o m t h e r e a c t o r w a l l s , ^ 

I t has been s t a t e d t h a t i n t h e plasma p o l y m e r i z a t i o n o f p e r -

f l u o r o b e n z e n e , as t h e power i s i n c r e a s e d t h e r e l a t i v e amount 
6 cr 

o f oxygen c o n t e n t i n c r e a s e d . g From t h e work c a r r i e d o u t 

f o r t h i s t h e s i s , t h e r e d i d seem t o be some t r e n d towards an 

i n c r e a s e d oxygen c o n t e n t a t h i g h e r power. However s i n c e t h i s 

became o n l y apparent a t r e l a t i v e l y v e r y h i g h e r powers, i.e. 

around 50W - which i s h i g h e r t h a n t h e normal e x p e r i m e n t a l 

range used - t h i s d i d n o t cause any problems. 

The F^ s c o r e l e v e l i s a s y m m e t r i c a l l y shaped peak 

c e n t r e d a t around 689.OeV. T h i s l i n e shape i s n o t c h a r a c t e r ­

i s t i c o f a s i n g l e f l u o r i n e environment b u t due t o a range 

c o r r e s p o n d i n g t o t h e s p e c i e s i d e n t i f i e d i n t h e C^s p r o f i l e . 

As t h e c h e m i c a l s h i f t s i n t h e F, b i n d i n g energy are n o t v e r y 

l a r g e , a broad s y m m e t r i c a l peak i s observed f o r s u f f i c i e n t l y 

' t h i c k ' f i l m s ; (when t h e s i g n a l i s n o t v i s i b l e by ESCA). 
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The spectrum thus c o n s i s t s o f one q u a s s i a n peak due t o 

c o v a l e n t l y bonded f l u o r i n e e n v i r o n m e n t s . However, when 

the aluminium s u b s t r a t e i s ' v i s i b l e ' a second peak appears 

i n t he core l e v e l a t lower b i n d i n g e n e r g i e s . This i s 

t h o u g h t t o be due t o the i n t e r a c t i o n o f p e r f l u o r o b e n z e n e a t 

the i n t e r f a c e between t h e plasma polymer and t h e s u b s t r a t e , 

and i s d i s c u s s e d i n more d e t a i l i n Chapter Seven. 

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

a h i g h amount of u n s a t u r a t i o n , t h e F^ s main p h o t o i o n i s a t i o n 

peak i s accompanied by t h e presence o f a s m a l l T T - > T T * shake-up 

s a t e l l i t e some 7 t o 8eV removed t o h i g h e r b i n d i n g e n e r g i e s . 

Thus t h e presence o f t h i s peak i n an ESCA spectrum i s c h a r a c t ­

e r i s t i c o f u n s a t u r a t i o n w i t h i n t h e plasma polymer, and o r i g i n ­

a t es from t r a n s i t i o n s accompanying core i o n i z a t i o n o f =C-F^ C ^ 

groups. 

The C. core l e v e l i s v e r y broad and complex, ex-

h i b i t i n g much s t r u c t u r e , and demonstrates t h e wide v a r i e t y o f 

d i f f e r e n t carbon environments p r e s e n t i n t h e plasma polymer 

of p e r f l u o r o b e n z e n e . D e t a i l e d a n a l y s i s o f t h i s envelope r e ­

v e a l s t h a t e x t e n s i v e m o l e c u l a r rearrangement has t a k e n p l a c e 

t o produce component f u n c t i o n a l i t i e s w h i c h are n o t p r e s e n t i n 

the p a r e n t monomer, namely CF^ and CF^ groups.^ 

The process o f component peak a n a l y s i s o f t h e C^g 

envelope f o r f l u o r o polymer samples was developed by C l a r k 

et at. ̂  Using t h e c h e m i c a l s h i f t s p a c i n g d i s c u s s e d i n t h e 

l i t e r a t u r e f o r t h e plasma polymer o f p e r f l u o r o b e n z e n e , 

t h i s g i v e s r i s e t o component peaks a t 285, 286.6, 288,3, 289.5 

291.2, 293.3 and 295.2eV. These are due t o C-H, C-CF, CF, 

t The a c t u a l peak shape i s made up o f a g a u s s i a n peak w i t h 
some L o r e n z t i a n c h a r a c t e r i n t h e t a i l r e g i o n . 9 
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CF-CF , CF_, CF., and T T - > T T * shake-up s a t e l l i t e environments — n 2 3 
r e s p e c t i v e l y . Since t h e h y d r o c a r b o n peak, used as the 

energy r e f e r e n c e , i s the s m a l l e s t component of t h e C^s 

envelope and t h e r e f o r e d i f f i c u l t t o l o c a t e p r e c i s e l y , t h e 

b i n d i n g e n e r g i e s g i v e n are a p p r o x i m a t e t o ±0.3eV. 

The hydrocarbon peak i s p r e s e n t due t o contamin­

a t i o n o f t h e plasma polymer. T h i s a r i s e s from a c o m b i n a t i o n 

of t h r e e e f f e c t s : ( i ) a t h i n l a y e r f i l m b e i n g d e p o s i t e d on t o p 
6c 

of h y drocarbon c o n t a m i n a t i o n i n t h e s u b s t r a t e , ( i i ) t h e 

d e p o s i t i o n o f hydrocarbon o n t o t h e plasma polymer w h i l s t i t 

i s b e i n g t r a n s f e r r e d t o the s p e c t r o m e t e r , or ( i i i ) t h e 

f o r m a t i o n o f a hydrocarbon o v e r l a y e r d u r i n g a n a l y s i s i n t h e 

s p e c t r o m e t e r . ^ For samples o f p e r f l u o r o b e n z e n e p r e p a r e d 

'in situ'the i n i t i a l absence o f hydrocarbon i n d i c a t e d 

t h e second source o f h y d r o c a r b o n c o n t a m i n a t i o n . However, 

a f t e r a p e r i o d w i t h i n t h e s p e c t r o m e t e r t h e same sample would 

t h e n show an a p p r e c i a b l e b u i l d - u p o f h y d r o c a r b o n c o n t a m i n a t i o n , 

I t has been shown t h a t a major source o f t h i s c o n t a m i n a n t i s 

due t o hydrocarbon ' b o i l i n g o f f t h e X-ray cap and w i n d o w , ^ 

and by e q u i p p i n g t h e X-ray cap w i t h a c o o l i n g j a c k e t u s i n g 

e i t h e r c o l d water or l i q u i d n i t r o g e n , t h a t t h i s method o f 

c o n t a m i n a t i o n can be g r e a t l y i n h i b i t e d . 

For the work c a r r i e d o u t i n t h i s t h e s i s , t h i s 

m o d i f i c a t i o n t o t h e X-ray cap was n o t employed. Hence con­

t a m i n a t i o n o f these plasma polymers i s due t o t h e l a t t e r two 

methods o n l y , t h e r a t e o f polymer d e p o s i t i o n f o r p e r f l u o r o ­

benzene i s so r a p i d t h a t a f t e r a t y p i c a l d e p o s i t i o n p e r i o d o f 

t e n m inutes t h e f i l m s are v i s i b l e and appear y e l l o w / g o l d 

c o l o u r e d . 
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The T T ^ - T T * shake-up s a t e l l i t e i s c h a r a c t e r i s t i c 

o f u n s a t u r a t i o n p r e s e n t i n the plasma polymer and a r i s e s 

from processes which occur on t h e same time s c a l e as the 

p h o t o i o n i s a t i o n e v e n t . The removal o f a core e l e c t r o n i s 

accompanied by s u b s t a n t i a l r e o r g a n i s a t i o n o f t h e v a l e n c e 

e l e c t r o n s . T h i s p e r t u r b a t i o n y i e l d s a f i n i t e p r o b a b i l i t y 

f o r p h o t o i o n i s a t i o n t o be accompanied by t h e s i m u l t a n e o u s 

e x c i t a t i o n o f a v a l e n c e e l e c t r o n from an o c c u p i e d t o a 

h i g h e r unoccupied s t a t e . S h o r t range u n s a t u r a t i o n , e.g. 

12 
a pendant p h e n y l group i n p o l y s t y r e n e g i v e s r i s e t o a 

d e f i n e d s a t e l l i t e w h i l s t l o n g range u n s a t u r a t i o n , e.g. i n 

a c o n d u c t o r produces an asymmetric t a i l i n g o f t h e main peak,''' 

as t h e number o f a v a i l a b l e t r a n s i t i o n s i n c r e a s e and each 

s a t e l l i t e becomes l e s s d i s t i n c t . 

The shake-up processes d e r i v e t h e energy from 

t h e s i n g l e e l e c t r o n process t h u s l o w e r i n g t h e KE o f t h e 

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

p h o t o i o n i s a t i o n peak i n t e n s i t y need t o i n c l u d e shake-up 

s a t e l l i t e i n t e n s i t y , i f these are p r e s e n t . 

The t y p i c a l energy s e p a r a t i o n between t h e p r i m a r y 

p h o t o i o n i s a t i o n peak and t h e shake-up s a t e l l i t e i s about 

7-8 eV removed t o h i g h e r b i n d i n g e n e r g i e s and depends on 
14 

the degree o f f l u o r i n a t i o n o f t h e p a r e n t monomer. A 

hydr o c a r b o n system produces a peak around 7eV f r o m t h e main 

p h o t o i o n i s a t i o n peak whic h i n c r e a s e s t o 8eV f o r a f u l l y 
14 

f l u o r i n a t e d a r o m a t i c compound. 
The broad n a t u r e o f each o f t h e component peaks 

i n t h e C, envelo p e , t y p i c a l l y a f u l l w i d t h a t h a l f h e i g h t 
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(FWHH) o f 1.8-1.9eV r e p r e s e n t s t h e c o m p l e x i t y o f a plasma 

polymer. A carbon core l e v e l i n a r e g u l a r polymer w i l l 

have a FWHH. o f oa. 1.3eV,^ t h e i n c r e a s e d w i d t h o f th e peaks 

i n t h e plasma polymer i n d i c a t i n g the number o f c l o s e l y r e ­

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

r o n i c environments= The v a l u e o f th e FWHH i s p r o p o r t i o n a l 

t o t h e l i f e t i m e o f t h e core h o l e s t a t e which i s t y p i c a l l y o f 

the o r d e r o f 10 t o 10 1 6 seconds."''6 S i n c e , i n t h e p o l y ­

mer these s t a t e s w i l l a l l have s i m i l a r l i f e t i m e s t h e C, 
I s 

envelope was f i t t e d w i t h peaks a l l o f t h e same FWHH. 
Due t o t h e use o f unmonochromatic r a d i a t i o n as 

t h e photon s o u r c e , t h e Mg r a d i a t i o n caused two more 
K a 3 , 4 

peaks t o appear i n t h e spectrum some e i g h t and t e n eV removed 

t o lower b i n d i n g e n e r g i e s o f t h e main p h o t o i o n i s a t i o n peak 

due t o Mg„ r a d i a t i o n . These are n o t shown i n any 
K a l , 2 

diagrams and w i l l n o t be r e f e r r e d t o a g a i n . 

The i n s u l a t i n g n a t u r e o f o r g a n i c plasma polymer 

f i l m s i s seen i n t h e s h i f t o f t h e b i n d i n g e n e r g i e s o f t h e 

peaks on ESCA a n a l y s i s , t h e e x t e n t o f c h a r g i n g i s d e t e r m i n e d 

by t h e s h i f t from 285.0eV by t h e CH component, i.e. energy 

c a l i b r a t i o n i s a c h i e v e d u s i n g t h e hydrocarbon component peak. 

T h i s apparent i n c r e a s e i n b i n d i n g energy i s due t o the r a p i d 

b u i l d up o f p o s i t i v e charge on t h e s u r f a c e o f t h e polymer 

upon X-ray i r r a d i a t i o n . The energy r e q u i r e d t o remove an 

e l e c t r o n i s now t h a t much g r e a t e r due t o t h e r e t a r d a t i o n caused 

by t h e p o s i t i v e s u r f a c e . V a r i o u s methods o f r e d u c i n g o r 

e l i m i n a t i n g t h i s c h a r g i n g e f f e c t have been s t u d i e d and i n c l u d e 

t 
The FWHH a l s o depends on t h e n a t u r a l l i n e w i d t h o f t h e photon 

so u r c e , the n a t u r a l l i n e w i d t h o f t h e core h o l e and on 
a b e r r a t i o n s o f t h e a n a l y s e r . These, however, when u s i n g t h e 
same i r r a d i a t i o n s o u r c e , w i l l be k e p t c o n s t a n t . 
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17 the use o f a low energy e l e c t r o n f l o o d gun or by IV i r r a ­
d i a t i o n o f t h e sample by a low p r e s s u r e low power mercury 

18 
arc lamp, A l l energy v a l u e s quoted t h r o u g h o u t t h e t h e s i s 

have been c o r r e c t e d f o r c h a r g i n g . 

E l e m e n t a l s t o i c h i o m e t r y i s o b t a i n e d by a r a t i o 

of t h e a p p r o p r i a t e peak areas m u l t i p l i e d by a s e n s i t i v i t y 

f a c t o r . T h i s s e n s i t i v i t y f a c t o r t a kes i n t o account t h e 

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

and i n c l u d e s such f a c t o r s as e l e c t r o n mean f r e e p a t h and 

a n a l y s e r response t o t h e e l e c t r o n energy. S e n s i t i v i t y f a c t o r s 

can e i t h e r be d e t e r m i n e d e x p e r i m e n t a l l y " * ^ o r t h e o r e t i c a l l y , 2 0 

a l i s t o f s e n s i t i v i t y f a c t o r s used t h r o u g h o u t - and t h e c a l ­

c u l a t i o n s used t o d e t e r m i n e them - ace p r e s e n t e d i n Appendix 

Two. A second method o f c a l c u l a t i n g t h e F:C atomic r a t i o o f 

f l u o r o p o l y m e r systems i s a v a i l a b l e . Here t h e c o n t r i b u t i o n 

o f each component peak i n t h e C^s envelope w h i c h has one or 

more f l u o r i n e s d i r e c t l y a t t a c h e d t o t h e carbon i s summed, 

i.e. [%CF] + [%CF-CF] + 2[ % C F 2 ] + 3[%CF 3] = c . p __ 
For t h e work p r e s e n t e d i n t h e f o l l o w i n g c h a p t e r s , 

s t o i c h i o m e t r i c s a r e based on peak area r a t i o s a l t h o u g h t h e 

c o n s i s t e n c y i s checked by comparing t he v a l u e s o b t a i n e d by 

b o t h methods. I t s h o u l d be no t e d here t h a t t h e v a l u e ob­

t a i n e d from a c a l c u l a t i o n i n v o l v i n g t h e C^s c o r e l e v e l can be 

s l i g h t l y h i g h e r t h a n t h a t o b t a i n e d by u s i n g t h e r a t i o o f peak 

areas. The C ^ . c o r e l e v e l , a c q u i r e d f i r s t , has a l a r g e r mean 

T Mean f r e e p a t h , A, o f an e l e c t r o n i s d e f i n e d as t h e d i s t a n c e 
i n t h e s o l i d t h a t e l e c t r o n s o f a g i v e n energy can t r a v e l b e f o r e 
1/e o f them have n o t s u f f e r e d energy l o s s t h r o u g h i n e l a s t i c 
c o l l i s i o n . The sa m p l i n g d e p t h , from w h i c h 95% o f t h e s i g n a l 
f o r a g i v e n c o r e l e v e l i s d e r i v e d i s g i v e n as 3Xcos6 (6 r e ­
p r e s e n t s t h e a n g l e o f es c a p i n g e l e c t r o n s w i t h r e s p e c t t o a 
d i r e c t i o n normal t o t h e samples s u r f a c e ) . 
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f r e e p a t h t h a n F (15$ G . / . 8 . 3 8 ) . The s i g n a l from t h e 

F^ s core l e v e l i s t h e r e f o r e more h i g h l y a t t e n u a t e d by the 

contaminant h y d r o c a r b o n l a y e r t h a n t he s i g n a l from t h e 

core l e v e l . However, t h e d i s c r e p a n c i e s between the two 

F:C s t o i c h i o m e t r i c v a l u e s are u s u a l l y v e r y s m a l l and can 

e f f e c t i v e l y be i g n o r e d . 

I n t h e p r e s e n t example, t h e C:F atomic r a t i o 

c a l c u l a t e d f r o m a peak area r a t i o i s c l o s e t o t h a t o f t h e 

s t a r t i n g monomer, i.e. C-̂ :F̂ . This i l l u s t r a t e s t h e i m p o r t ­

ance o f n o n - e l i m i n a t i o n r e a c t i o n s o c c u r r i n g i n t h e plasma 

which are i n v o l v e d i n polymer f o r m a t i o n . 

( I ) S u b s t r a t e Temperature Study 

The e f f e c t o f e l e v a t e d s u b s t r a t e t e m p e r a t u r e s 

on t h e c o m p o s i t i o n o f a d e p o s i t e d plasma polymer i s an area 
22 

which has n o t r e c e i v e d much a t t e n t i o n t o d a t e . I t has 
been a l l u d e d t o as b e i n g o f importance i n i n f l u e n c i n g t h e 

plasma polymers o f h e x a m e t h y l d i s i l o x a n e and h e x a m e t h y l d i s i l -
23 

azane. ESCA s t u d i e s o f t h e c o m p o s i t i o n o f t h e d e p o s i t e d f i l m 
24 

from a c r y l o n i t r i l e have shown a s t a r t l i n g c o n t r a s t i n t h e 

two polymers d e p o s i t e d as a f u n c t i o n o f s u b s t r a t e t e m p e r a t u r e , 

over t h e power range o f 1 t o 55W; t h e most s i g n i f i c a n t f e a t ­

ure b e i n g shown i n t h e n i t r o g e n c o m p o s i t i o n w i t h i n t h e c o i l 

r e g i o n . A t room t e m p e r a t u r e t h e e x t e n t o f n i t r o g e n i n c o r p o r ­

a t i o n went t h r o u g h a minimum v a l u e a t ̂ 35W. T h i s i s t h e 

o p p o s i t e t o t h a t w h i c h o c c u r r e d a t a s u b s t r a t e t e m p e r a t u r e o f 

150°C, i.e. a maximum v a l u e was o b t a i n e d a t ̂ 30W. 

The p h y s i c a l p r o p e r t i e s , s u r f a c e t e x t u r e and mor­

phology o f plasma p o l y m e r i z e d t e t r a f l u o r o e t h y l e n e have been 
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r e p o r t e d l y c o n t r o l l e d by v a r y i n g t h e s u b s t r a t e t e m p e r a t u r e 

up t o 200°C. 2 5 

To examine t h e e f f e c t o f s u b s t r a t e t e m p e r a t u r e on 

the c o m p o s i t i o n o f the plasma polymer produced from p e r f l u o r o -

benzene, i n i t i a l s t u d i e s were c a r r i e d o u t by v a r y i n g t h e power 

over t h e range o f 5-30W, f o r samples d e p o s i t e d a t a s u b s t r a t e 

t e m p e r a t u r e o f 150°C. Plasmas were e x c i t e d i n O.lmb PFB. 

A graph o f component peaks^ o f t h e C, envelope ( i n 
I S 

percentages) i>s.the a p p l i e d power i s shown i n F i g u r e 2.4. 

The p e r f l u o r o b e n z e n e had a preplasma p r e s s u r e o f O.lmb and 

a l l samples were d e p o s i t e d i n t h e c o i l r e g i o n f o r 10 min u t e 

p e r i o d s . The c o r r e s p o n d i n g graph f o r d e p o s i t i o n a t room 

t e m p e r a t u r e i s shown i n F i g u r e 2.5. 

Both graphs are v e r y s i m i l a r i n appearance. I n 

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

TT+TT* shake-up shows a l i n e a r decrease w i t h i n c r e a s i n g power. 

T h i s has been n o t e d b e f o r e ^ and i s n o t e n t i r e l y unexpected. 

T h i s goes hand i n hand w i t h t h e i n c r e a s e i n C F 2 which shows 

an i n c r e a s i n g l i n e a r t r e n d a t a h i g h s u b s t r a t e t e m p e r a t u r e , 

b u t appears t o l e v e l o f f a t room t e m p e r a t u r e . As t h e a v a i l ­

a b l e power t o t h e plasma i n c r e a s e s , t h e p r o p o r t i o n o f e l e c t r o n s 

w i t h a h i g h e r energy c o n t e n t may have i n c r e a s e d . Thus, a 

g r e a t e r degree o f ( f r a g m e n t a t i o n ) r e a c t i o n s r e s u l t i n g i n l o s s 

of u n s a t u r a t i o n m i g h t be expected which would r e s u l t i n a de­

crease i n t h e TT->-TT* shake-up s a t e l l i t e . The b e h a v i o u r o f t h e 

C-CF component peak, w i t h power, m i r r o r s t h a t o f t h e CF£ peak 

a t b o t h s u b s t r a t e t e m p e r a t u r e s . 

^ Due t o t h e a m b i g u i t y o f assignment o f i n t e n s i t y between t h e 
CF and CF-CF n peaks - these are summed t o g i v e a t o t a l CF con­
t e n t w h i c h i s t h e v a l u e p l o t t e d . Peak i n t e n s i t i e s o f t h e 
v a r i o u s component peaks have d i f f e r e n t r e p r o d u c i b i l i t y v a l u e s . 
These have been assessed as b e i n g ±5% f o r C-CF, CF and CF_, 
±10% f o r CF-j, and ±25% f o r t h e ir^-ir* shape-up. These a r e r e ­
p r e s e n t e d as e r r o r b a r s . 
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The one main s u b t l e d i f f e r e n c e would appear t o 

be i n t h e amount o f CF. At room t e m p e r a t u r e , t h i s would 

appear t o pass t h r o u g h a minimum v a l u e a t 15W w h i l s t f o r a 

h i g h e r s u b s t r a t e t e m p e r a t u r e t h e amount i s moreor l e s s cons­

t a n t . However, the v a r i a n c e between t h e two s e t s of v a l u e s 

are so s l i g h t t h a t i t i s d i f f i c u l t t o be sure of any r e a l 

d i f f e r e n c e . 

For b o t h polymers a t each s u b s t r a t e t e m p e r a t u r e t h e 

F:C s t o i c h i o m e t r y i s t h e same and c l o s e t o u n i t y , a g a i n 

emphasising t h e importance o f rearrangement mechanisms as 

opposed t o e l i m i n a t i o n r e a c t i o n s i n t h e plasma p o l y m e r i z a t i o n 

mechanism. 

The percentage c o m p o s i t i o n o f each o f t h e component 

peaks i n t h e C^g envelope are v e r y s i m i l a r as i l l u s t r a t e d 

i n Table 2.1. 
TABLE 2.1 E f f e c t o f s u b s t r a t e t e m p e r a t u r e on t h e percentage 

C o m p o s i t i o n o f t h e C. envelope 

Temperature C-CF T o t a l CF CF 2 CF 3 7T~*"TT * 

23°C 26 50 17 6 1 

150°C 25 49 I B 6 2 

PFB - 10W, 10 minutes O.lmb p r e s s u r e . 

T h i s s i m i l a r i l y would t e n d t o suggest t h e absence 

o f any r e a l e f f e c t s due t o an i n c r e a s e d s u b s t r a t e t e m p e r a t u r e . 

A l t h o u g h t h e r a t e o f d e p o s i t i o n o f t h e plasma polymer, 

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

150°C, was n o t measured, t h e v a r i a t i o n i n d e p o s i t i o n r a t e 

q u i c k l y became a p p a r e n t . The c o l o u r o f t h e plasma, i.e. t h e 

e m i s s i o n from t h e plasma i n t h e v i s i b l e r e g i o n , appeared t o 

change i n g o i n g from t h e i n l e t t o t h e o u t l e t o f t h e r e a c t o r . 
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This was s i m p l y due t o t h e v a r i a n c e i n d e p o s i t i o n r a t e 

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

the r e a c t o r w a l l s which a l t e r e d t h e t r a n s m i s s i o n c h a r a c t e r ­

i s t i c s o f t h e e m i t t e d l i g h t . D e p o s i t i o n was f a s t e s t i n 

the c o i l r e g i o n . 

The s u r f a c e c o m p o s i t i o n of t h e polymer as a f u n c t ­

i o n o f d i s t a n c e i n the r e a c t o r , u s i n g a 150°C s u b s t r a t e 

t e m p e r a t u r e has a l s o been examined. Four d i f f e r e n t r e g i o n s 

were looked a t : b e f o r e the c o i l , i n t h e c o i l r e g i o n , 2cm 

a f t e r the c o i l r e g i o n and f i n a l l y a t t h e end o f t h e r e a c t o r . 

Graphs o f component peak i n t e n s i t y ( n o t shown) a g a i n s t p o s i t i o n 

i n t h e r e a c t o r show t h e same e f f e c t s as those shown i n t h e 

c o i l r e g i o n by i n c r e a s i n g t h e power (see F i g u r e 2 . 5 ) . That 

i s , t h e i n c r e a s i n g l o s s o f u n s a t u r a t i o n , shown by a decrease 

i n t h e TT->-TT* shake-up s a t e l l i t e , t o g e t h e r w i t h an i n c r e a s e i n 

CF2 f u n c t i o n a l i t i e s , as a f u n c t i o n o f i n c r e a s i n g d i s t a n c e . 

Again t h e r e i s no v a r i a t i o n i n t h e o v e r a l l atomic r a t i o w hich 

i s c o n s t a n t a t around C-^F^ f o r a l l f o u r o f t h e p o s i t i o n s 

sampled. The reason f o r t h i s v a r i a t i o n i s n o t a t a l l c l e a r 

as y e t . 

I t has been suggested t h a t a s t u d y o f t h e polymer 

produced i n t h e non-glow r e g i o n - t h e area downstream o f t h e 

v i s i b l e glow - w i l l g i v e an i n d i c a t i o n o f t h e n a t u r e o f t h e 
6c 

most l o n g l i v e d s p e c i e s w i t h i n t h e gas plasma. C l a r k and 

S h u t t l e w o r t h have examined t h e s t r u c t u r e o f p e r f l u o r o b e n z e n e 

i n t h e glow and non-glow region,^° w i t h d e p o s i t i o n o n t o a 

'room t e m p e r a t u r e 1 s u b s t r a t e , and found t h a t t h e polymer p r o ­

duced i n t h e non-glow r e g i o n was d i s t i n c t l y d i f f e r e n t from 

t h a t produced i n t h e glow r e g i o n o f t h e plasma. The dominant 
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peak i n t h e C^s envelope was no l o n g e r due t o C-F b u t C-F^. 

Th i s CF 2 component had a s i m i l a r b i n d i n g energy t o the CF 2 

15 
component i n t e t r a f l u o r o e t h y l e n e . I t was p o i n t e d o u t 

t h a t i n a r e c e n t p u b l i c a t i o n , " CF2^-F-p had been found t o be 

p r e s e n t i n the h i g h e s t y i e l d o f low m o l e c u l a r w e i g h t m a t e r i a l 

produced i n a T e s l a d i s c h a r g e i n p e r f l u o r o b e n z e n e . The con­

c l u s i o n was t h a t t h e p r e c u r s o r s t o p o l y m e r i z a t i o n i n t h e non-

glow r e g i o n s were h i g h e r i n CF 2 c o n t e n t t h a n those i n t h e 

glow r e g i o n . I t s h o u l d be p o i n t e d o u t here t h a t i n t h e 

p r e s e n t s t u d y , t h e glow r e g i o n extended t o t h e end o f t h e 

r e a c t o r and thus a l l samples were p r e s e n t i n t h e v i s i b l e 

plasma r e g i o n . The c o m p o s i t i o n and gross s t r u c t u r a l f e a t ­

u res o f t h e core l e v e l s p e c t r a remained e s s e n t i a l l y t h e same 

over t h e d i s t a n c e s t u d i e d . 

( I I ) O p t i c a l Emission 

Emission from a plasma a r i s e s from e x c i t e d s t a t e s -

caused m a i n l y by e l e c t r o n impact - i n t h e gas phase r e l a x i n g 

and l o s i n g t h e i r excess energy t h r o u g h f l u o r e s c e n c e . A 

second mode o f r e l a x a t i o n i s a l s o a v a i l a b l e , by c h e m i c a l 

r e a c t i o n , however, when t h i s method predominates f l u o r e s e n c e 

does n o t occur. Emission from t h e gas phase t h e r e f o r e o n l y 

g i v e s an i n s i g h t i n t o t h e e x c i t e d s t a t e s p e c i e s which do n o t 

undergo c h e m i c a l r e a c t i o n b u t r e l a x by f l u o r e s c e n c e . 

A low r e s o l u t i o n s p e c t r a o f t h e e m i s s i o n f r o m t h e 

v i s i b l e p a l e b l u e plasma o f p e r f l u o r o b e n z e n e f r o m 260-600nm 

i s shown i n F i g u r e 2.6. A l t h o u g h wavelengths have been 

ass i g n e d manually t o t h e v a r i o u s f e a t u r e s p r e s e n t i n t h e 

spectrum, these v a l u e s s h o u l d n o t be t a k e n as a b s o l u t e v a l u e s 

and may v a r y by about ±20nm, due t o t h e d i f f i c u l t i e s i n 
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FIGURE 2.6 O p t i c a l e m i s s i o n spectrum from a PFB plasma 

c a l i b r a t i o n o f t h e s p e c t r o m e t e r and t o t h e crude ' r u l e r and 

p e n c i l ' assignment o f peak e n e r g i e s . 

The plasma e m i s s i o n i s v e r y broad and shows much 

s t r u c t u r e . Two d i s t i n c t peaks a r e apparent a t M40nm and 

^510nm. The former has been a t t r i b u t e d t o t h e e l e c t -
27 

r o n i c t r a n s i t i o n o f a r a d i c a l c a t i o n o f PFB and i s t h e 
major c o n t r i b u t o r t o t h e v i s i b l e c o l o u r o f t h e plasma. Maier 

27 

et al have s t u d i e d t h e r a d i a t i v e r e l a x a t i o n s o f t h e e x c i t e d 

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

formed by low energy (20-30eV) e l e c t r o n beam e x c i t a t i o n o f 

low p r e s s u r e gaseous samples. The f l u o r e s c e n c e o f a r a d i c a l 
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c a t i o n , CgF^ +, was seen t o occur from ^465nm. T h i s e m i s s i o n 
i s due t o t h e f l u o r e s c e n t decay o f an e x c i t e d s t a t e r a d i c a l 
c a t i o n d r o p p i n g t o lower energy s t a t e s , t h e waveleng t h o f 
emi s s i o n b e i n g p r o p o r t i o n a l t o t h e energy s e p a r a t i o n o f t h e 
d i f f e r e n t s t a t e s i n v o l v e d . 

That a r a d i c a l c a t i o n e x i s t s , as shown by t h e peak 

a t ^ 4 0 0 n m , c l e a r l y demonstrates t h a t t h e energy a v a i l a b l e t o 

th e molecule from t h e plasma i s i n excess o f lOeV, s i n c e t h e 
28 

f i r s t i o n i z a t i o n p o t e n t i a l o f Ĉ F̂ . i s 9.97eV. However a 

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

M a x w e l l i a n d i s t r i b u t i o n , shows t h a t t h e m a j o r i t y o f e l e c t r o n s 
have an energy v a l u e f a r l e s s t h a n t h i s - t h e average e energy 

6 f 

i s a.a. 2.0eV - and t h a t t h e m a j o r i t y o f c o l l i s i o n s i n a 

plasma w i l l i n v o l v e e x c i t a t i o n r a t h e r t h a n i o n i s a t i o n w h i c h 

i s caused by e l e c t r o n s i n t h e t a i l o f t h e d i s t r i b u t i o n peak, 

and t h a t t h e c h e m i s t r y i n v o l v e d i n a plasma w i l l m i r r o r t h i s 

f a c t . Thus r a d i c a l c a t i o n s would n o t be expected t o p l a y a 

l a r g e r o l e i n plasma p o l y m e r i z a t i o n . T h i s i s e x p l o r e d i n 

more d e t a i l i n Chapter Seven. 
I n t h e plasma p o l y m e r i z a t i o n s t u d i e s o f f l u o r o -

* 29 
benzenes by G i l b e r t and Th e o r e t i t was found t h a t lFB has 
a plasma e m i s s i o n c o r r e s p o n d i n g t o t h a t o f Ŝ ->-S0 e m i s s i o n o f 

th e monomer and f o r PFB, e m i s s i o n a r i s i n g from CF2 was domin-
29 

a n t . These e m i s s i o n c h a r a c t e r i s t i c s may be a s s o c i a t e d 

w i t h t h e d i f f e r e n t f i l m c o m p o s i t i o n s . The S^->SQ t r a n s i t i o n 

o f t h e PFB mo l e c u l e was n o t d e t e c t e d , b u t i t was suggested 

t h a t t h e e m i s s i o n from CF 2 r a d i c a l s , over t h e 235-350nm, p r o -
29 

b a b l y obscured t h e T T - * I T * m o l e c u l a r e m i s s i o n , s i n c e t h e v a l u e 

o f t h e f l u o r e s c e n c e quantum y i e l d f o r p e r f l u o r o b e n z e n e i s v e r y 

low. 
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G i l b e r t and Theoret found i n t h e i r s t udy t h a t as 

the degree of f l u o r i n a t i o n o f the benzene molecule i n c r e a s e d 
29 

the quantum d e f i c i t i n c r e a s e d . Quantum d e f i c i t i s de­

f i n e d by 1-(4)S 1 + $T^) , where ^S^ and <|>T̂  r e p r e s e n t t h e 

luminescence quantum y i e l d s o f t h e f i r s t e x c i t e d s i n g l e t and 

t r i p l e t s t a t e s r e s p e c t i v e l y . As t h i s v a l u e gets h i g h e r 

p h o t o c h e m i c a l r e a c t i o n s o f t h e f i r s t e x c i t e d s t a t e become 

i n c r e a s i n g l y i m p o r t a n t as t h e means of r e l e a s i n g t h e excess 

energy. 

Thus, s i n c e p h o t o c h e m i c a l r e a c t i o n s o f t h e f i r s t 

e x c i t e d s t a t e o f p e r f l u o r o b e n z e n e are dominant, t h e amount o f 

f l u o r e s c e n c e seen i s expected t o be v e r y s m a l l . 

A h i g h r e s o l u t i o n scan o f t h e r e g i o n around 280nm 

i s shown i n F i g u r e 2.7. T h i s broad band shows t h e f i n e 

s t r u c t u r e o f t h e CF2 r a d i c a l and i s o f t h e same s t r u c t u r e as 
29 

t h a t r e p o r t e d by G i l b e r t and Th£ordt which has over 60 bands. 

The o r i g i n o f t h e o t h e r bands i s as y e t u n c e r t a i n , 

i n c l u d i n g t h e peak a t 510nm which i s as dominant as t h e e m i s s i o n 

from t h e r a d i c a l c a t i o n . 

2.3.2 Plasma P o l y m e r i z e d O c t a f l u o r o n a p h t h a l e n e (OFN) 

Naphthalene has p r e v i o u s l y been plasma p o l y m e r i z e d 

and i t s polymer found t o a c t as a composite gas s e p a r a t i o n 

membrane when d e p o s i t e d o n t o a microporous s u b s t r a t e . The 

p e r m e a b i l i t y o f t h i s membrane t o He and H were s t u d i e d , no 

mention i s made o f t h e c o m p o s i t i o n o f t h e plasma polymer. 

The C^s, F^ g and 0^ g core l e v e l s p e c t r a f o r plasma 

p o l y m e r i z e d o c t a f l u o r o n a p h t h a l e n e are d i s p l a y e d i n F i g u r e 2.8, 

and r e p r e s e n t samples removed f r o m t h e c o i l r e g i o n o f a 30W, 
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FIGURE 2.7 High r e s o l u t i o n spectrum of the plasma emission 
of PFB around 260nm 
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FIGURE 2.8 T y p i c a l core l e v e l s p e c t r a from plasma polymerized 
OFN and component peak f i t of the C^ s envelope 
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0.07mb plasma. The C, envelope, as f o r p e r f l u o r o b e n z e n e , 
X s 

i s broad and s t r u c t u r e d . A component peak a n a l y s i s i s a l s o 

shown i n F i g u r e 2.8. This r e v e a l s peaks a t 286.45, 288.2, 

289.15, 291.1, 293.7 and 295.8eV a r i s i n g f r o m t h e same f u n c t ­

i o n a l i t i e s as are p r e s e n t i n t h e plasma polymer o f p e r f l u o r o -

benzene, C-CF, CF, CF-CFn, CF 2, CF 3 and T T + T T * shake-up s a t e l l ­

i t e w i t h p ercentage i n t e n s i t i e s o f 30, 29, 19, 17, 3 and 2% 

r e s p e c t i v e l y . Thus t h e predominant peaks i n t h e C. envelope 

are those due t o C-CF and CF f u n c t i o n a l i t i e s . Extraneous 

hydrocarbon c o n t a m i n a t i o n g i v e s r i s e t o t h e peak a t 285.OeV. 

The F i s / C i s
 a r e a r a t i o g i v e s a s t o i c h i o m e t r y o f 

C 1 : F 0 7' ^ * e' e s s e n t : i - a ^ y t h a t o f t h e monomer. 

The s t r o n g s i m i l a r i t y o f t h e ESCA d a t a from 

plasma p o l y m e r i z e d OFN and PFB suggest t h a t t h e p o l y m e r i z a t i o n 

processes i n v o l v e d f o l l o w s i m i l a r pathways, i.e. rearrangement 

processes a r e more i m p o r t a n t t h a n e l i m i n a t i o n . I f t h e mechan­

isms o f plasma p o l y m e r i z a t i o n o f OFN a r e r e l a t e d t o those o f 

PFB t h e n s i m i l a r i t i e s i n t h e r e s p e c t i v e p h o t o c h e m i s t r i e s s h o u l d 

be expected. The i n v o l v e m e n t o f v a l e n c e i s o m e r i s a t i o n r e -
6 f 

a c t i o n s o f t h e benzene nucleus o f t e t r a f l u o r o b e n z e n e d u r i n g 

plasma p o l y m e r i z a t i o n has been e x t e n s i v e l y d i s c u s s e d by C l a r k 

and Abraham as a p o s s i b l e e x p l a n a t i o n f o r t h e appearance o f 

CF 2 and CF^ m o i e t i e s . The f o r m a t i o n o f t hese isomers are 

e n e r g e t i c a l l y more f a v o u r a b l e t h a n t h e e l i m i n a t i o n o f HF f r o m 

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

f u l v e n e , benzvalene and hexadienyne systems w i t h t h e monomer 
6 f 

m o l e c u l e can t h e n g i v e r i s e t o complex c r o s s - l i n k e d m a t e r i a l . 
The p h o t o c h e m i c a l v a l e n c e i s o m e r i s a t i o n o f naphthalene and 
some o f i t s d e r i v a t i v e s t o form hemi-Dewar naphthalene have 

31 
been r e p o r t e d ; thus s u g g e s t i n g t h e p o s s i b l e f o r m a t i o n o f 

t h e v a l e n c e isomer o f OFN i n t h e plasma i s n o t unreasonable. 
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( I ) S u b s t r a t e Temperature Study 

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

t o 150°C on t h e c o m p o s i t i o n o f t h e f i l m d e p o s i t e d i n t h e c o i l 

r e g i o n was examined. The i n c r e a s e d heat i n the r e a c t o r 

caused t h e p r e s s u r e t o r i s e t o O.lmb as a consequence o f 

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

s i n c e t h e f l u o r o a r o m a t i c compounds seem t o be r a t h e r i n ­

s e n s i t i v e o v e r a l l t o s m a l l changes i n e x p e r i m e n t a l c o n d i t i o n s 

t h i s f a c t d i d n o t cause concern. 

The gross s t r u c t u r a l f e a t u r e s o f t h e co r e l e v e l s 

were v e r y s i m i l a r t o those a c q u i r e d from a polymer d e p o s i t e d 

a t room t e m p e r a t u r e . The carbon t o f l u o r i n e peak area r a t i o 

d i d show however a s l i g h t tendency towards a h i g h e r f l u o r i n e 

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

s l i g h t v a r i a t i o n i n t h e c o m p o s i t i o n o f t h e C^s envelope. As 

a l r e a d y d i s c u s s e d , t h i s d i f f e r e n c e does n o t occur i n polymer­

i s e d f i l m s o f p e r f l u o r o b e n z e n e (see Table 2.1 o.f. Table 2.2) 

TABLE 2.2 E f f e c t o f S u b s t r a t e t e m p e r a t u r e on t h e 
c o m p o s i t i o n o f t h e C^g envelope 

Temp. C-CF t o t a l CF CF 2 CF 3 

23°C 27 52 15 4 2 

150°C 31 49 17 2 1 

OFN, 30W, 10 min. M). lmb Plasma 

As w i t h t h e s l i g h t l y i n c r e a s e d C:F r a t i o , t h e s e v a r i a t i o n s 

may be more app a r e n t t h a n r e a l . 

( I I ) O p t i c a l Emission 

The plasma e m i s s i o n spectrum f r o m an OFN plasma 

i s shown i n F i g u r e 2.9, t h i s g i v e s a low r e s o l u t i o n scan o f 
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FIGURE 2.9 O p t i c a l emission spectrum from a OFN plasma 

the 250-600nm re g i o n . As with the emission from p e r f l u o r o -

benzene, the spectrum i s complex and d i s p l a y s some s t r u c t u r e . 

The main regions of i n t e r e s t are centred a t ^280, "v-350 

and 'vSlOnm. The l a t t e r region i s s i m i l a r to t h a t found i n 

the emission from a PFB plasma, and as i n t h a t case, i t s i n ­

t e n s i t y equals t h a t due to the di f l u o r o c a r b e n e r a d i c a l , a t 
,v280nm. A high r e s o l u t i o n scan of t h i s l a t t e r region pro­

duced a many banded spectrum i d e n t i c a l to t h a t shown fo r per-

fluorobenzene, confirming the o r i g i n a l of the band i n the 

emission from octafluoronaphthalene. 
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E x a m i n a t i o n o f t h e r e l e v a n t v a l e n c e p h o t o e l e c t r o n 
32 

spectrum f o r OFN i n t h e search f o r p o s s i b l e s t a t e s o f t h e 
r a d i c a l c a t i o n g i v i n g r i s e t o e m i s s i o n r e v e a l s t h a t no such 

32 
t r a n s i t i o n s h o u l d occur a t t h e w a v e l e n g t h . The l a c k o f 
e m i s s i o n from t h e o c t a f l u o r o n a p h t h a l e n e c a t i o n formed by 

33 
e l e c t r o n impact has a l r e a d y been noted. I t i s q u i t e 

p o s s i b l e t h a t t h e band a t ^510nm may be a s s o c i a t e d w i t h a r e ­

arrangement o r f r a g m e n t a t i o n p r o d u c t . The e m i s s i o n a t %350nm 

i s a s s o c i a t e d w i t h t h e S ^ - > - S Q t r a n s i t i o n of t h e n e u t r a l mole-

c u l e . 

S t u d i e s o f t h e energy r e l a x a t i o n processes f o r t h e 

e x c i t e d s t a t e s o f t h e f l u o r o b e n z e n e by G i l b e r t and T h e o r e t r e ­

v e a l e d t h a t as t h e e x t e n t o f f l u o r i n a t i o n i n c r e a s e d t h e quantum 

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

e x c i t e d s t a t e become i n c r e a s i n g l y i m p o r t a n t as t h e means o f 
29 

r e l e a s i n g t h e excess energy. 
Evidence f o r a s i m i l a r s i t u a t i o n o c c u r r i n g i n t h e 

naphthalenes may be t a k e n f r o m t h e r e l e v a n t s o l u t i o n phase 
34 

luminescence quantum y i e l d s . On g o i n g from n a p h t h a l e n e t o 

the p e r f l u o r i n a t e d compound t h e quantum d e f i c i t i s i n c r e a s e d 

by a f a c t o r o f ^2, i.e. p h o t o c h e m i c a l pathways, e.g. isomer-

i s a t i o n , p o l y m e r i z a t i o n a r e more i m p o r t a n t as a means o f r e ­

l a x a t i o n t h a n i n n a p h t h a l e n e o r 1 - f l u o r o n a p h t h a l e n e . 

2.3.3 Plasma P o l y m e r i z e d 1-Fluoronaphthalene (1FN) 

Due t o t h e v e r y low vapour p r e s s u r e o f 1FN o n l y 

one p r e s s u r e o f 0.06mb c o u l d be used. F i g u r e 2.10 shows 

t y p i c a l C, , F, and 0.. c o r e l e v e l s p e c t r a f o r plasma polymer-
X S 1S I S 

i s e d IFN. 
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FIGURE 2.10 T y p i c a l core l e v e l s p e c t r a from plasma 
polymerized IFN 

The C^ g envelope has a main p h o t o i o n i z a t i o n peak 

ce n t r e d a t 285.OeV a r i s i n g from carbons not bonded to f l u o r i n e 

or oxygen. A shoulder to higher binding energy i s ev i d e n t 

and i n d i c a t i v e of the presence of f u n c t i o n a l groups other 

than C-H. By using standard peak f i t t i n g techniques a l r e a d y 

mentioned components are found at binding e n e r g i e s of oa. 

286.6, 288.2, 289.7 and 292.OeV. The assignment of these 

peaks i s not s t r a i g h t f o r w a r d . The complication a r i s e s from 

the f a c t t h a t the C-0 and C=0 groups have s i m i l a r chemical 

s h i f t s as C-CF and C-F, and t h e r e f o r e the component peaks may 

a r i s e from both f l u o r i n e and oxygen, environments •. As has been 

d i s c u s s e d i n the plasma polymerization of perfluorobenzene, 
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oxygen i n c o r p o r a t i o n i s a common f e a t u r e of plasma polymer-

i z a t i o n , b u t due t o t h e low l e v e l o f f l u o r i n e i n the depos­

i t e d f i l m s , i t i s u n l i k e l y t h a t t h e components a t h i g h e r 

b i n d i n g e n e r g i e s , i.e. g r e a t e r t h a n 288.OeV w i l l a r i s e from 

s i g n i f i c a n t c o n t r i b u t i o n s due t o and CF^. T h e r e f o r e , 

t h e peak a t 292 .OeV has been a s s i g n e d t o T T + T T * shake-up o f t h e 
35 

main p h o t o i o n i s a t i o n peak. The s e p a r a t i o n o f 7eV o f t h e 
shake-up s a t e l l i t e from t h e main p h o t o i o n i s a t i o n peak i n 

14 
hydrocarbon systems has a l r e a d y been r e p o r t e d . 

I t s h o u l d be n o t e d a t t h i s s t age t h a t t h e C^g 

envelope d i s p l a y s a d i s t i n c t asymmetry, i.e. a s t e p i n t h e 

background counts on g o i n g f r o m t h e h i g h t o low b i n d i n g energy 

s i d e o f t h e main p h o t o i o n i z a t i o n peak. T h i s asymmetry w i l l 

be d i s c u s s e d i n g r e a t e r d e t a i l i n t h e n e x t c h a p t e r . 

Due t o t h e d i f f i c u l t i e s o u t l i n e d above i n peak 

assignment o f t h e C, e n v e l o p e , o n l y t o t a l peak area r a t i o s 
J. S 

a r e c o n s i d e r e d . For plasma p o l y m e r i z e d 1FN t h i s g i v e s a 

v a l u e o f ^1:0.04 f o r t h e C:F s t o i c h i o m e t r y o f a sample i n t h e 

c o i l r e g i o n . 

From t h e plasma p o l y m e r i z a t i o n s t u d i e s o f t h e 

f l u o r i n a t e d benzenes, i t has been shown t h a t as t h e degree 

o f f l u o r i n a t i o n decreases i n t h e p a r e n t monomer, t h e r e i s a 

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

f i l m . T h i s would suggest t h a t i n l o w l y s u b s t i t u t e d benzenes 

e l i m i n a t i o n r e a c t i o n s are an i m p o r t a n t pathway i n t h e depos­

i t i o n o f plasma pol y m e r s . T h i s t r e n d seems t o be apparent i n 

t h e b e h a v i o u r o f t h e f l u o r o n a p h t h a l e n e s , i.e. t h e p e r f l u o r o 

compound shows a r e t e n t i o n o f c o n f i g u r a t i o n , b u t w i t h assoc­

i a t e d rearrangement w h i l s t t h e 1 - f l u o r o compound shows ex-
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t e n s i v e e l i m i n a t i o n . The atomic r a t i o of the 1FN monomer 

i s C 1 : F 0 . 1 * 

The i n t e n s i t y of the 0^ g core l e v e l i s g r e a t e r 

than m i g h t be expected from previous e x p e r i e n c e w i t h t h e 

p e r f l u o r i n a t e d monomers. However, from the work c a r r i e d o u t 
6 s — h 

on t h e f l u o r o b e n z e n e s , t h e e x t e n t o f oxygen uptake can be 

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

as f l u o r i n e c o n t e n t i n c r e a s e s t h e oxygen c o n t e n t decreases. 

Oxygen uptake i s n o t n e c e s s a r i l y a s s o c i a t e d d i r e c t l y w i t h 

f l u o r i n e e l i m i n a t i o n . Rather t h a t t h e e l i m i n a t i o n o f f l u o r i n e 

m o i e t i e s c o u l d make t h e polymer p r e c u r s o s r s and the d e p o s i t e d 

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

p e r f l u o r o case. I t i s l e s s l i k e l y t h a t o x i d a t i o n i s t h e 

p r i m a r y cause o f f l u o r i n e e l i m i n a t i o n . I f t h i s were t h e case 

t h e n t h e amount o f f l u o r i n e r e t a i n e d i n t h e polymer f i l m f o r 

any monomer would v a r y , and be a s s o c i a t e d w i t h t h e l e a k r a t e 

o f t h e r e a c t o r . However, t h i s i s n o t seen and t h e r e s u l t s 

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

f o r t h e h i g h e r oxygen c o n t e n t . 

The i n c r e a s e i n t h e f l u o r i n e c o n t e n t o f t h e de­

p o s i t e d plasma f i l m o f 1FN as t h e sample i s t a k e n f r o m f u r t h e r 

down t h e r e a c t o r ( a l t h o u g h s t i l l j u s t i n t h e glow r e g i o n ) has 

s t i l l t o be e x p l a i n e d . As w i t h s t u d i e s on t h e c o m p o s i t i o n o f 

t h e C^s envelope as a f u n c t i o n o f d i s t a n c e a l o n g t h e r e a c t o r 

f o r plasma p o l y m e r i z e d benzenes and n a p h t h a l e n e s , t h e compos­

i t i o n p r o f i l e o f the f l u o r i n e - c o n t a i n i n g s p e c i e s needs t o be 

o b t a i n e d . I t may be t h e case f o r 1FN t h a t t h e r e a c t i v e 

f l u o r i n e m o i e t i e s are a b l e t o m i g r a t e f u r t h e r down t h e r e a c t o r 

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

r e g i o n from which t h e sample i s t a k e n . I t i s c e r t a i n l y 

t o be expected t h a t t h e h i g h e s t energy r e g i o n w i l l be assoc­

i a t e d w i t h t h e c o i l . Support f o r t h i s s t a t e m e n t can be 

o b t a i n e d from t h e power l o a d i n g dependence on t h e e x t e n t o f 

f l u o r i n e e l i m i n a t i o n . The e x t e n t o f f l u o r i n e l o s s i n ­

cre a s e s r a p i d l y as t h e power i s i n c r e a s e d f r o m 5-20W. A t 

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

i s p r e s e n t i n t h e f i l m . 

The e f f e c t s o f power on t h e F / c r a t i o ( e x c l u d i n g 

t h e s e n s i t i v i t y f a c t o r ) i s shown i n F i g u r e 2.11 w h i l s t t h e 

e f f e c t o f p o s i t i o n i n t h e r e a c t o r i s shown i n F i g u r e 2,12. 
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FIGURE 2.11 Peak area r a t i o of F^s to C l s envelopes as a 
fun c t i o n of power a.t 4-6cm. 
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FIGURE 2.12 Peak area r a t i o s of F l g to C^s envelopes as 
a f u n c t i o n of p o s i t i o n a t 25 and 15QQC 
s u b s t r a t e temperatures a t 1QW 

( I ) S u b s t r a t e Temperature Study 

From Fig u r e 2.12, which a l s o shows the e f f e c t of 

p o s i t i o n on the F / c r a t i o using a s u b s t r a t e temperature of 

150°C, i t can be seen that there i s no r e a l d i f f e r e n c e between 

the two temperatures. T h i s follows the behaviour shown by 

the other fluoroaromatic compounds and i s not r e a l l y s u r ­

p r i s i n g c o n s i d e r i n g the w e l l known s t a b i l i t y of fluoropolymers 

( I I ) O p t i c a l Emission 

The o p t i c a l emission from a 1-fluoronaphthalene 

plasma i s shown i n Figure 2.13. The wide scan shows an 

emission band centred at ^335nm and i s e s s e n t i a l l y f e a t u r e l e s s 
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FIGURE 2.13 O p t i c a l emission spectrum from a 1FN plasma 

T h i s a r i s e s from the S,-*-S t r a n s i t i o n of the f i r s t e x c i t e d 
1 o 
34 

s t a t e of the molecule. The X60 expansion shows a sm a l l 

peak, of unknown o r i g i n , to longer wavelengths of the main 

band. An expansion of the 270nm region r e v e a l e d t h a t there 

was no emission p r e s e n t from C F j . T h i s spectrum i s shown 

i n Appendix 1. 

2.3.4 Plasma Polymerized Fluorobiphenyls 

Due to the l i m i t e d data on the plasma polymer­

i z a t i o n of the f l u o r o b i p h e n y l s , the deca, octa and mono-

fluorobiphenylsare a l l considered here. The importance of 

the p o s i t i o n of the f l u o r i n e i n monofluorobiphenyl i s con-
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s i d e r e d by looking at the plasma polymerization behaviour 

of 2 d i f f e r e n t p o s i t i o n s of the f l u o r i n e : 

4-fluorobiphenyl 

Studies of the biphenyls were l i m i t e d to t h e i r 

sublimation pressure of oa. 0.065mb, and a sample p o s i t i o n 

w i t h i n the c o i l region using a power of 50W. 

As with the other perfluoroaromatics the C^ g 

envelope derived from both the octa and decafluoro compounds 

i s h i g h l y complex and shows very s i m i l a r s t r u c t u r e a r i s i n g 
6c-

from the m u l t i p l e environment of the va r i o u s carbon atoms. 

The C^ g, 0^ g and F ^ g core l e v e l s p e c t r a for 

decafluoro and o c t a f l u o r o b i p h e n y l plasma polymers, along with 

t h e i r r e s p e c t i v e C^ g component peak a n a l y s e s , are shown i n 

Figure 2.14. 

The percentage c o n t r i b u t i o n s of the C-CF, CF, 

CF-CF n, C F 2 , C F 3 and I T + T T * shake-up components of the C l g 

envelope from the polymer produced from decafluorobiphenyl 

are 30, 18, 22, 22, 6 and 2 r e s p e c t i v e l y , Table 2.4, demon­

s t r a t i n g t h a t a l a r g e amount of rearrangement has accompanied 

plasma po l y m e r i z a t i o n . That t h i s i s not accompanied by 

f l u o r i n e e l i m i n a t i o n i s demonstrated by the C:F stoichiometry 

of 1:0.79 which i s very c l o s e to t h a t of the s t a r t i n g monomer 

One d i f f e r e n c e between the C l g envelopes produced from the 

plasma polymer of decafluorobiphenyl compared with those pro­

duced by the polymers from perfluorobenzene and p e r f l u o r o -

naphthalene i s evident. I n the l a t t e r two polymers, the C-F 

F 6 O and 

2-fluorobiphenyl 
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CORE LEVEL SPECTRA OF PLASMA POLYMERISED PECARUOROB1 PHENYL 

A is 1S 

X15 X1 

695 295 290 285 540 690 S35 530 68 
BfNDMG ENERGY I tV 

CORE LEVEL SPECTRA OF PLASMA POLYMERISED OCTAFLUOROBPHENYL 

A Cis Ois 

530 295 285 290 S3S 685 695 690 
BINDING ENERGY/tV 

FIGURE 2.14 T y p i c a l core l e v e l s p e c t r a from plasma 
polymerized DFB and OFB 
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peak i s the dominant peak of the envelope, however t h i s i s 

not the case for the polymer from decafluorobipheny1. The 

most dominant peak here i s C - C F which i s followed i n i n t e n s i t y 

by the peak produced by carbon i n environments. The 

u n s a t u r a t i o n shown i n the C, envelope i s a l s o demonstrated 
I s 14 by the T T + T T * shake-up s a t e l l i t e i n the F , core l e v e l - i s 

spectrum. 

As with the polymer produced from d e c a f l u o r o b i -

phenyl, the C : F r a t i o of the m a t e r i a l derived from o c t a f l u o r o -

biphenyl i s a l s o c l o s e to t h a t of the s t a r t i n g m a t e r i a l 

( C , : F ^ ) , but there has been some e l i m i n a t i o n of f l u o r i n e , 
1 O. bb 

to give a C : F stoichiometry of C-^FQ 4 i n the plasma polymer. 
T h i s c a l c u l a t i o n was based on the t o t a l area of the C. 

I s 
envelope and as i s evident from the C^ g core l e v e l spectrum, 

there i s a l a r g e c o n t r i b u t i o n towards the area from hydro­

carbon. I t i s present i n a quantity which would not be ex­

pected from the parent monomer. A c a l c u l a t i o n of the C : F 

r a t i o using the component peaks of the C^ g envelope agrees 

with the value obtained from the peak area r a t i o . This tends 

to suggest t h a t the l e v e l of hydrocarbon i s a ' r e a l ' e f f e c t 

due to the plasma polymerisation of o c t a f l u o r o b i p h e n y l , and 

i s not to any marked extent due to hydrocarbon contamination. 

The extent of unsaturation, as evidenced by the 

very low i n t e n s i t y f r + T T * shake-up s a t e l l i t e s both i n the C^ g 

envelope and the F , core l e v e l , has decreased. The r e l a t i v e 

i n t e n s i t y p a t t e r n of the component peaks of the C^ g envelope 

has a l s o changed from t h a t i n the decafluorobiphenyl derived 

m a t e r i a l . A f t e r the hydrocarbon peak, the component due to 

C F i s now the most prominent, s i m i l a r to t h a t i n the C ^ G core 

l e v e l from plasma polymerized perfluorobenzene. 
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There i s a l s o more oxygen i n c o r p o r a t i o n , to give 

a C:0 r a t i o of 1:0.05. This i s almost double the amount 

present i n the plasma polymer of the p e r f l u o r o compound, and 

i s analogous to the s i t u a t i o n i n the plasma polymerization 

of fluorobenzenes and fluoronaphthalenes - as the f l u o r i n e 

content of the parent compound decreases, the oxygen content 

of the r e s p e c t i v e plasma polymer i n c r e a s e s . T h i s has been 

d i s c u s s e d i n the s e c t i o n on the plasma polymerization of 1-

fluoronaphthalene. From t h i s r e s u l t i t would seem that the 

s u b s t i t u t i o n of 2 hydrogen atoms i n the perfluorobiphenyl 

molecule has q u i t e an e f f e c t on the behaviour of the compound 

i n the plasma. This i s based on the d i s s i m i l a r i t y of the 
C l s c o r e l e v e l envelopes of the r e s u l t a n t plasma polymers. 

Since the core l e v e l s p e c t r a of the monofluorin-

ated biphenyls a r e ' i d e n t i c a l ' only the s p e c t r a obtained from 

the 4-fluorobiphenyl are shown i n Figure 2.15. 

Peak f i t t i n g of the envelope which c o n s i s t s 

of the one main p h o t o i o n i s a t i o n peak a t 285.OeV (due to C-H) 

with a shoulder to higher binding energies, r e v e a l s peaks at 

^286.6, 288.2, 289.7 and 292.OeV (Table 2.4). As i s the 

case with the 1-fluoronaphthalene derived m a t e r i a l peak 

assignment i s not s t r a i g h t f o r w a r d and has not been attempted 

for the peaks above 285eV. The extremely low l e v e l of f l u o r ­

ine present ( C ^ I F Q q 2 ) s t r o n g l y suggests t h a t the l a t t e r two 

peaks are due to oxygenated carbon environments only, w h i l s t 

the two former peaks w i l l be due to both carbon-oxygen and 

c a r b o n - f l u o r i n e environments. This assignment i s backed up 

by the l a c k of emission from C F 2 i n the o p t i c a l emission 

spectrum from the plasma. The i n c r e a s e d l e v e l of oxygen i s 

r e f l e c t e d i n the o v e r a l l stoichiometry of C,: 0 n n 7 . 
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Cis O k 

X27 X I 

290 265 S3S 530 695 690 685 
BINDING ENERGY / eV 

FIGURE 2.15 T y p i c a l core l e v e l s p e c t r a from plasma 
polymerized MFB' 

From the f l u o r i n e to carbon peak area r a t i o i t 

can be seen t h a t there has been e x t e n s i v e e l i m i n a t i o n of 

f l u o r i n e i n the mechanisms r e s u l t i n g i n d e p o s i t i o n of the 

plasma polymer. This s i t u a t i o n i s analogous to t h a t shown 

by the fluorobenzenes and fluoronaphthalenes. P e r f l u o r o -

aromatic compounds undergo plasma polymerization u t i l i z i n g 

mechanisms t h a t r e s u l t i n e x t e n s i v e rearrangement, but not 
not 

e l i m i n a t i o n of f l u o r i n e to produce polymer which i s A d e f i c i e n t 

i n f l u o r i n e when compared with the parent compound. 

I n c o n clusion, Table 2.3 l i s t s the C:F r a t i o of 

the parent monomer and the r e s u l t a n t plasma polymer together 
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with the 0:C stoichiometry of the m a t e r i a l s derived from 

the f l u o r o b i p h e n y l s . 

TABLE 2.3 Elemental Ratios f o r the Polymers Produced 
from the F l u o r i n a t e d Biphenyls 

Monomer C:F 
monomer 

C: F 
polymer 

C: 0 
polymer 

2 C 1 2 F 1 H g 1:0.08 1:0.02 1:0.06 

4 C 1 2 F l H 9 1:0.08 1:0.02 1:0.07 

C 1 2 F 8 H 2 1:0.66 1:0.40 1:0.05 

C F 12 10 1:0.83 1:0.80 1:0.03 

TABLE 2.4 L i s t s of Component Peaks of the C^ g envelope 
of the fluorobiphenyls i n percentage areas 

Monomer CH C-CF T o t a l CF C F 2 C F 3 TT-+1T* 

C 1 2 F H 9 84.1 ? ? -

C 1 2 F 8 H 2 - 35.0 57.0 5.0 3.0 -
C F u12 10 - 30.0 40.0 23.0 6.0 1 

( I ) O p t i c a l Emission 

The o p t i c a l emissions from decafluoro and mono-

fluor o b i p h e n y l plasmas are shown i n Fi g u r e s 2.16 and 2.17 

r e s p e c t i v e l y , both are wide scans covering the UV - v i s i b l e 

region. High r e s o l u t i o n scans of the ̂ 270nm region are 

shown i n Appendix 1. Emission a r i s i n g from the C F 2 r a d i c a l 
29 

has been shown to occur i n the region and i t s spectrum i s 

t y p i f i e d by t h a t shown i n the plasma of decafluorobiphenyl. 

Hence emission i n t h i s region, by CF 2 , i s c h a r a c t e r i s t i c of 

rearrangement processes i n the plasma. T h i s high r e s o l u t i o n 

scan i s i d e n t i c a l to scans obtained from the same region i n 

both perfluorobenzene and perfluoronaphthalene plasmas. The 

s u r f a c e composition of a l l three perfluoroaromatic plasma 
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FIGURE 2.16 O p t i c a l emission spectrum from a DFB plasma 
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FIGURE 2.17 O p t i c a l emission spectrum from a MFB plasma 



9 4 

polymers r e f l e c t i n g t he rearrangement mechanisms which must 
occur i n t h e plasma l e a d i n g t o d e p o s i t i o n . There i s no 
e m i s s i o n from t h e CF 2

 r a < 3 i c a l i n t h e plasma o f monofluoro­
b i p h e n y l . 

The e m i s s i o n from m o n o f l u o r o b i p h e n y l ( F i g u r e 2.17) 

i s c e n t r e d a t ^308nm and shows some f i n e s t r u c t u r e on the 

h i g h e r w a v e l e n g t h s i d e of t h e main peak which i s t h o u g h t t o 

a r i s e from an S,-»-S t r a n s i t i o n o f the f i r s t e x c i t e d s t a t e o f 
1 o 

the m o l e c u l e . I n c o n t r a s t , t h e spectrum o f d e c a f l u o r o b i ­

p h e n y l i s more complex. The main r e g i o n s o f i n t e r e s t are 

c e n t r e d a t ^290nm, ^350nm and ^510nm. The l a t t e r r e g i o n 

i s s i m i l a r t o t h a t found i n t h e emissions from p e r f l u o r o -

benzene and o c t a f l u o r o n a p h t h a l e n e plasmas. I t s o r i g i n i s 

a t p r e s e n t u n c e r t a i n b u t may be due t o a p r e c u r s o r o f CF 2 

m o i e t i e s . As w i t h t h e a f o r e m e n t i o n e d plasmas t h e i n t e n s i t y 

o f t h e 510nm peak i s o f the same i n t e n s i t y as t h e peak a t 

^290nm due CF 0. 

2.4 C o n c l u s i o n 

The work d e t a i l e d i n t h e p r e v i o u s pages on t h e plasma 

p o l y m e r i z a t i o n o f f l u o r o a r o m a t i c compounds, i.e. benzenes, 

naphthalenes and b i p h e n y l s can be summarised p o i n t w i s e . For 

the f u l l y f l u o r i n a t e d compound these a r e : 

1. Plasma p o l y m e r i z a t i o n o f t h e perfluorocompounds r e s u l t e d 

i n a r e t e n t i o n o f f l u o r i n e such t h a t t h e o v e r a l l s t o i c h i o -

metry o f t h e p o l y m e r i c f i l m i s e s s e n t i a l l y t h e same as t h e 

s t a r t i n g monomer. 
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2. The C. s p e c t r a r e v e a l e d evidence o f e x t e n s i v e m o l e c u l a r 
I s ^ 

rearrangements w i t h components a p p r o p r i a t e t o CF^, 

and C-CF components. 

3. A low i n t e n s i t y peak a r i s i n g f rom 0^ s l e v e l s was ob­

served i n a l l cases {aa. C-^'.O^ ^) as was a v a r i a b l e 

component a t 285.OeV due t o hydroc a r b o n c o n t a m i n a t i o n . 

4. The o p t i c a l e m i s s i o n from t h e plasma o f the p e r f l u o r i n -

ated compounds a l l show a s t r o n g e m i s s i o n a t ^290nm, 

due t o CF 2 s p e c i e s , and t h i s i s a s s o c i a t e d w i t h an 

emi s s i o n a t ̂ 510nm o f equa l i n t e n s i t y whose o r i g i n i s 

as y e t unknown. 

5. The o v e r a l l band p r o f i l e o f t h e C, and F n core l e v e l s 
^ I s I s 

and t h e i r r e l a t i v e area r a t i o s remained e s s e n t i a l l y con­

s t a n t over t h e range o f c o n d i t i o n s s t u d i e d . 

6. The c o m p o s i t i o n o f t h e d e p o s i t e d f i l m i s i n v a r i a b l e w i t h 

r e s p e c t t o i n c r e a s i n g t h e s u b s t r a t e t e m p e r a t u r e t o 150°C 

from room t e m p e r a t u r e . 

7. The s u r f a c e c o m p o s i t i o n i s r e f l e c t e d i n t h e ' b u l k ' com­

p o s i t i o n as f a r as ESCA can d e t e r m i n e . 

8. Over a 10 minute d e p o s i t i o n p e r i o d , t h e r a t e o f p r o ­

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

' v i s i b l e ' t o ESCA, i.e. a t l e a s t a 70A t h i c k f i l m . 

These l a s t f o u r p o i n t s a l s o a p p l y t o t h e lower f l u o r i n a t e d 

compounds, t o which t h e f o l l o w i n g p o i n t s a l s o r e l a t e : 

1. Plasma p o l y m e r i z a t i o n o f t h e lower f l u o r i n a t e d compounds 

i s accompanied by e l i m i n a t i o n o f f l u o r i n e such t h a t t h e 

plasma polymer may o n l y c o n t a i n 4 o f t h e amount o f 

f l u o r i n e as t h e p a r e n t monomer. 
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2. With a d e c r e a s i n g amount of f l u o r i n e , an i n c r e a s e d 

amount of oxygen i s i n c o r p o r a t e d i n t o the plasma polymer. 

3. The C-, s p e c t r a r e v e a l a m a i n n h o t o i o n i s a t i o n peak a t 
I s c L • -

285 .OeV w i t h a sh o u l d e r t o h i g h e r b i n d i n g e n e r g i e s . 

Both f l u o r i n e and oxygen c o n t a i n i n g f u n c t i o n a l groups 

c o n t r i b u t e t o t h i s s h o u l d e r . 

4. The o p t i c a l e m i s s i o n from t h e plasma of a m o n o f l u o r i n a t e d 

compound l a c k s any emis s i o n from CF^ a t ̂ 290nm, or t h e 

a s s o c i a t e d peak a t ^510nm. 
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CHAPTER THREE 

THE PLASMA POLYMERIZATION OF FLUOROCARBONS 

IN THE PRESENCE OF NON POLYMERIZABLE GASES 
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3.1 I n t r oduc t i on 

The e f f e c t s o f d i l u t i n g t h e monomer w i t h a c a r r i e r gas 

such as argon or o t h e r n o n - p o l y r n e r i z a b l e gas has been ex­

p l o r e d i n t h e hope of b e i n g a b l e t o s y n t h e s i s e t a i l o r - m a d e 

f i l m s by v a r y i n g t h e c o m p o s i t i o n o f the gas phase."'" I n e r t 
2 

gases have a l s o been used i n numerous p a t e n t s t o achie v e t he 
r e q u i r e d p r e s s u r e , i . e . they are used t o b o o s t t he l i m i t e d 

3 
vapour p r e s s u r e o f the o r g a n i c monomer, or t o cause t h e 

4 
i n c o r p o r a t i o n , by p h y s i c a l s p u t t e r i n g , o f m e t a l . 

Another a p p l i c a t i o n o f t h e a d d i t i o n o f s i m p l e gases t o 

t h e plasma zone i s i n t h e f i e l d o f plasma e t c h i n g / p l a s m a 

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

plasma has been d e t e r m i n e d as b e i n g c r i t i c a l l y dependent upon 

th e e f f e c t i v e f l u o r i n e / c a r b o n r a t i o of a c t i v e s p e c i e s i n the 

r e a c t o r . ^ For f l u o r o c a r b o n s w i t h a h i g h F/C r a t i o , t h e p r e ­

dominant process i s e t c h i n g , w h i l e f o r f l u o r o c a r b o n s w i t h a 

low F/C r a t i o p o l y m e r i z a t i o n and o l i g o m e r i z a t i o n are t h e 
5 

dominant processes. T h i s r a t i o can be a l t e r e d by t h e 

a d d i t i o n o f 'simple' gases. An e f f e c t i v e l o w e r i n g o f t h e 

F/C r a t i o can be a c h i e v e d by t h e a d d i t i o n o f hydrogen, t h i s 

l e a ds t o t h e removal o f f l u o r i n e by c o n v e r s i o n t o s t a b l e 

v o l a t i l e f l u o r i d e s . ^ The a d d i t i o n o f oxygen causes t h e F/C 

r a t i o t o s h i f t i n the o t h e r d i r e c t i o n due t o t h e f o r m a t i o n o f 

CO and C0 2 gases. T h i s d u a l e f f e c t o f t h e F/C r a t i o has 

been used t o i n c o r p o r a t e m e t a l s i n t o plasma p o l y m e r i z e d f l u o r o -
7 

carbons by t h e s i m u l t a n e o u s e t c h i n g and p o l y m e r i z a t i o n . The 

m e t a l t o be i n c o r p o r a t e d forms one of t h e e l e c t r o d e s i n a 

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

e n t e r e d i n t o t h e gas phase by p h y s i c a l s p u t t e r i n g o f t h e 
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cathode or by the plasma e t c h i n g t h r o u g h the f o r m a t i o n o f 

v o l a t i l e f l u o r i d e s , or a c o m b i n a t i o n o f b o t h . The compos­

i t i o n o f m e t a l i n the plasma polymer can be c o n t r o l l e d by 

changing t he r e l a t i v e r a t e s o f e t c h i n g and d e p o s i t i o n , i.e. 

i n c r e a s i n g the F/C r a t i o such t h a t e t c h i n g , and hence m e t a l 

i n c o r p o r a t i o n , dominate over t he d e p o s i t i o n r a t e which d e — 

7 

c r e a s e s . I t should be noted t h a t i n ex p e r i m e n t s i n which 

hydrogen or oxygen a d d i t i o n has been used t o m a n i p u l a t e t he 

e f f e c t i v e F/C r a t i o , t h e polymer s t r u c t u r e w i l l be m o d i f i e d 
g 

by t h e i n c l u s i o n of hydrogen and oxygen f u n c t i o n a l i t i e s . 
T h i s may a f f e c t t h e p r o p e r t i e s o f t h e m e t a l c o n t a i n i n g polymer 

Non p o l y m e r i z a b l e gases have a l s o been c o p o l y m e r i z e d w i t h 

o r g a n i c monomers i n t h e hope o f i n s e r t i n g s p e c i f i c f u n c t i o n a l 

groups. I t has been noted t h a t oxygen c o n t a i n i n g o r g a n i c 

monomers when s u b j e c t t o a plasma, l o s e oxygen due t o t h e 
9 

f o r m a t i o n o f CO. I n t h e hope, t h e r e f o r e , o f i n c o r p o r a t i n g 

c a r b o x y l groups i n t o t h e polymer, a c r y l i c a c i d and carbon 

d i o x i d e have been copolymerized."'" 0 I t was r e p o r t e d t h a t 

t h e copolymer formed c o n t a i n e d b o t h c a r b o x y l and c a r b o n y l 

groups. S i m i l a r l y ammonia has been i n c o r p o r a t e d i n t o a 

f l u o r o c a r b o n polymer"'""'" when n i t r o g e n f u n c t i o n a l i t i e s , m a i n l y 

i n amido form were i n c o r p o r a t e d i n t o t h e formed polymer. 

T h i s changed t h e s u r f a c e energy o f the r e s u l t a n t copolymer 

t o a h i g h energy system, i.e. h y d r o p h i l i c . The gas p e r m e a b i l 

i t y , t o oxygen and n i t r o g e n , o f t h e copolymer f i l m s was d e t e r ­

mined t o be c o n t r o l l e d by t h e c o n c e n t r a t i o n o f ammonia i n the 

plasma f e e d . 

By t h e use o f oxygen and hydrogen, t o a l t e r t h e concen-

r a t i o n o f the v a r i o u s a c t i v e s p e c i e s p r e s e n t i n a f l u o r o c a r b o n 

f e d plasma, i t has been concluded t h a t t h e e t c h r a t e o f 
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s i l i c o n depends o n l y on the F atom c o n c e n t r a t i o n r a t h e r 
12 than on t h e v a r i o u s charged s p e c i e s and e l e c t r o n d e n s i t y . 

The a d d i t i o n of hydrogen has been found t o r e s u l t i n an 
13 

i n c r e a s e d d e p o s i t i o n r a t e of o r g a n i c monomers, under c e r t a i n 

c o n d i t i o n s o f d i s c h a r g e power and r a t i o o f i n e r t g a s / o r g a n i c 

monomer. T h i s i s t h o u g h t t o be due t o the r e a c t i o n of t h e 

H atom w i t h b o t h monomer and F atoms t o i n c r e a s e t h e f r e e 

r a d i c a l c o n c e n t r a t i o n i n the plasma and t o decrease the e t c h 
13 

r a t e r e s p e c t i v e l y . I n t h e c o p o l y m e r i z a t i o n of h e x a f l u o r o -

ethane and hydrogen, when the r a t i o was l e s s t h a n 1, no H 

c o u l d be d e t e c t e d i n t h e r e s u l t a n t polymer. However, when 

the r a t i o was g r e a t e r than 1, the H c o n t e n t i n c r e a s e d 

a b r u p t l y . 
D i s c h a r g e s o f m i x t u r e s of benzene w i t h He, Ar or Xe 

have been examined by sampling the gas phase i o n s by mass 
15 

s p e c t r o s c o p y . I t was concluded t h a t t h e r e was no evidence 

of t h e r a r e gas a l t e r i n g t h e c h e m i s t r y by t h e exchange o f 

p o t e n t i a l energy from e i t h e r l o n g - l i v e d m e t a s t a b l e s t a t e s or 

by charge exchange. As i t has a l r e a d y been p o i n t e d o u t , 

however, t h e r e s u l t s o f such an i n v e s t i g a t i o n s h o u l d be t r e a t e d 

c a r e f u l l y . The sample volume o f gas has been t r a n s f e r r e d 

away fr o m t h e r e a c t o r zone t o be a n a l y s e d . Thus t h e r e l a t i v e 

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

c o u l d have a l t e r e d d u r i n g the j o u r n e y t o t h e s p e c t r o m e t e r . 

T h a t t h e presence of t h e i n e r t gas can change t h e p r o ­

p e r t i e s o f t h e plasma as w e l l as t h e s t r u c t u r e o f the f i l m 

i s shown by t h e p o l y m e r i z a t i o n o f s i l o x a n e s i n the presence a,nd 

absence o f argon. Gas phase e l e c t r o n s p i n resonance measure­

ments r e v e a l e d t h a t a h i g h e r c o n c e n t r a t i o n o f f r e e r a d i c a l s 
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r e s u l t e d when a r a r e gas was p r e s e n t . E x a m i n a t i o n of 

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

formed i n the presence of argon were more c r o s s l i n k e d than 

those p r e p a r e d i n the absence o f a r g o n . ^ T h i s c o u l d be a 

r e s u l t of the i n c r e a s e d c o n c e n t r a t i o n o f f r e e r a d i c a l s and/or 

due t o t h e bombardment o f the f o r m i n g polymer f i l m by Ar 

which i n c r e a s e d the c r o s s - l i n k i n g d e n s i t y . 

T h i s c h a p t e r d e s c r i b e s the r e s u l t s o b t a i n e d by a s t u d y 

of t h e s t r u c t u r e and bonding o f polymers produced by the 

plasma p o l y m e r i z a t i o n o f a f l u o r o c a r b o n monomer i n the p r e ­

sence of a non p o l y m e r i z a b l e gas: t h e plasma p o l y m e r i z a t i o n 

of 1 f l u o r o n a p h t h a l e n e w i t h v a r y i n g p r e s s u r e s o f hydrogen, 

p e r f l u o r o b e n z e n e w i t h v a r y i n g p r e s s u r e s o f A r , and p e r f l u o r o -

benzene i n the presence of i o d i n e . 

3.2 E x p e r i m e n t a l 

Aluminium s u b s t r a t e s were p l a c e d a t v a r i o u s p o s i t i o n s 

a l o n g t h e t o p o f t h e o i l bed w i t h i n t h e r e a c t o r f o r t h e 

c o l l e c t i o n of polymer samples d e p o s i t e d d u r i n g 1 f l u o r o -

n aphthalene/hydrogen and p e r f l u o r o b e n z e n e / a r g o n plasmas w h i l s t 

samples were t a k e n f r o m the c o i l r e g i o n o n l y from the p e r -

f l u o r o b e n z e n e / i o d i n e plasma. 

A power l o a d i n g o f lOw and a d e p o s i t i o n p e r i o d of 15 

m i nutes were used w i t h the f u l l vapour p r e s s u r e o f 1 f l u o r o -

n a phthalene ( w i t h n e e d l e v a l v e f u l l y open, 0.06 mbar). D i -

f f u s i o n a l m i x i n g o f the hydrogen and 1 f l u o r o n a p h t h a l e n e t o o k 

p l a c e p r i o r t o e n t r y i n t o the r e a c t o r i n l e t via a *T" p i e c e , 

t h e amount o f hydrogen a d j u s t e d u n t i l t h e d e s i r e d t o t a l 
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p r e s s u r e was reached. 

B e f o r e c o l l e c t i o n o f polymer samples d e p o s i t e d d u r i n g 

t h e plasma p o l y m e r i z a t i o n o f p e r f l u o r o b e n z e n e i n t h e presence 

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

30min 50hr 0.2mb Ar plasma. A power l o a d i n g o f 6w and a 

d e p o s i t i o n p e r i o d o f 10 minutes was used t o o b t a i n t he polymer 

samples. As w i t h 1 f l u o r o n a p h t h a l e n e / h y d r o g e n mixes, p e r -

f l u o r o b e n z e n e and argon were mixed p r i o r t o e n t r y i n t o t h e 

r e a c t o r t h r o u g h a "T' p i e c e , the p r e s s u r e o f each b e i n g i n d i v ­

i d u a l l y c o n t r o l l e d by n e e d l e v a l v e s . 

T o t a l p r e s s u r e s o f t h e PFB/Ar system r e l a t e t o the 

f o l l o w i n g f l o w r a t e s o f PFB and PFB/Ar: 

PFB/Ar T o t a l Pressure 
(mb) 

Flow 
(cm^ 

r a t e PFB, 
STP min ) 

T o t a l Flow 
r a t e PFB/Ar_ 1 

(cm^sTp min ) 

1:0 0. 2 7 X i o " 4 -

1:0 0.1 7 X 10" 4 -

1:1 0.16 7 X i o " 4 8.0 X i o - 4 

1:2 0.24 7 X IO" 4 1.2 X 10" 3 

1:9 0.2 1.6 X i o ~ 4 1.6 X 10" 3 

1:4 0.2 2.6 X i o " 4 1.6 X 10" 3 

1:2.5 0.2 3.6 X l o " 4 1.6 X 10" 3 

The above t a b l e c o n t a i n s a few r e p r e s e n t a t i v e examples 

o f f l o w r a t e s o b t a i n e d . I t i s apparent t h a t t h e f l o w r a t e 

o f PFB, under t h e d i f f e r e n t v a r i e t y o f c o n d i t i o n s , does n o t 

change d r a s t i c a l l y . I n f a c t i t was o n l y found t o v a r y from 
-4 -4 1.6-7 x 10 w i t h t o t a l f l o w r a t e s changing from 8.0 x 10 

3.4 x 1 0 - 3 cm 3 m i n " 1 (1:1 of. 1:3 PFB/Ar) 
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The i o d i n e was sublimed i n t o t h e r e a c t o r by i n s e r t i n g 

some i o d i n e i n t o a U tube and c o n n e c t i n g t h i s t o a 'T' p i e c e 

i m m e d i a t e l y p r i o r t o the r e a c t o r i n l e t . The i o d i n e was 

heated t o 60°C t o ensure the presence of s u f f i c i e n t i o d i n e 

i n t he r e a c t o r . A p r e s s u r e o f PFB of 0. It4> was used t o ­

g e t h e r w i t h a power of 6w f o r polymer f o r m a t i o n c o l l e c t e d 
-5 3 

over a 10 minute p e r i o d . A f l o w r a t e of 8.9x10 amg Tp min 
was used f o r t h e i o d i n e , the combined PFB/I had a t o t a l 

-4 3 - 1 f l o w r a t e of 4x10 c m
S T P

 m i n 

A l l samples were shown t o be v e r t i c a l l y homogeneous 

w i t h r e s p e c t t o the F:C s t o i c h i o m e t r y by u s i n g v a r i a b l e 

e l e c t r o n t a k e - o f f angles (TOA) c o n s e q u e n t l y t h e r e s u l t s 

r e p o r t e d here are those o b t a i n e d u s i n g a 35° TOA. 

3.3 R e s u l t s and D i s c u s s i o n 

3.3.1 The Plasma P o l y m e r i z a t i o n o f 1 - F l u o r o n a p h t h a l e n e / 
Hydrogen Mixes (PPFN/H2) 

F o l l o w i n g the s t u d y on t h e plasma p o l y m e r i z a t i o n 

o f p e r f l u o r o b e n z e n e - h y d r o g e n m i x t u r e s , where hydrogen appeared 

t o have a p r o f o u n d e f f e c t on t h e s t r u c t u r e , c o m p o s i t i o n and 
17 

r a t e o f d e p o s i t i o n o f t h e plasma polymer, the presence o f 

hydrogen on t h e plasma p o l y m e r i z a t i o n o f 1 f l u o r o n a p h t h a l e n e 

was i n v e s t i g a t e d . 

T y p i c a l core l e v e l s p e c t r a f o r plasma p o l y m e r i z e d 

1 f l u o r o n a p h t h a l e n e are shown i n F i g u r e 2.10 and a r e n o t r e ­

peated h e r e . E s s e n t i a l l y , t h e polymer f i l m c o n t a i n e d a low 

l e v e l o f b o t h f l u o r i n e and oxygen f u n c t i o n a l i t i e s . T h i s was 
r e f l e c t e d i n t h e C.. core l e v e l w h i c h c o n s i s t e d o f t h e main 

I s 
p h o t o i o n i s a t i o n peak a t 285.OeV- due t o CH - and a s h o u l d e r 
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t o h i g h e r b i n d i n g e n e r g i e s r e s u l t i n g from b o t h C-CF, C-F, 
0 

C-0, C=0 and C=0 groups. U n s a t u r a t i o n i n the polymer f i l m 

was evidenced by t h e presence of a TT+TT* shake-up s a t e l l i t e 
18 

i n the C ̂ s envelope and the asymmetry, i.e. a s t e p i n t h e 
background counts on g o i n g from t h e h i g h t o low b i n d i n g energy 

19 
s i d e o f t h e main p h o t o i o n i s a t i o n peak,"1" of the same core 

l e v e l . The C:F s t o i c h i o m e t r y o f the plasma polymer showed 

t h a t e l i m i n a t i o n o f f l u o r i n e had taken p l a c e , the polymer no 

l o n g e r r e t a i n e d the s t a r t i n g C:F s t o i c h i o m e t r y of the monomer. 

T h i s i s i n c o n t r a s t t o t h e plasma p o l y m e r i z a t i o n o f p e r f l u o r o -
20 

a r o m a t i c compounds i n which the C:F r a t i o i s r e t a i n e d . 
Under t h e e x p e r i m e n t a l c o n d i t i o n s employed i n the 

p r e s e n t case t h e p a r t i a l p r e s s u r e of f l u o r o n a p h t h a l e n e c o u l d 

n o t be v a r i e d . Thus t h e change i n f l u o r o n a p h t h a l e n e / h y d r o g e n 

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

an i n c r e a s e i n t o t a l p r e s s u r e . T h i s i s i n c o n t r a s t t o t h e 

s t u d y by C l a r k and AbRahman i n which t h e t o t a l p r e s s u r e was 

k e p t c o n s t a n t t h r o u g h o u t , b u t the p a r t i a l p r e s s u r e o f p e r -
17 

f l u o r o b e n z e n e was v a r i e d . 
For a f i x e d f l u o r o n a p h t h a l e n e / h y d r o g e n m i x t u r e 

(FN/H^ - t o t a l p r e s s u r e = 10 ^mb) and a power l o a d i n g o f 10w 

t h e v a r i a t i o n i n f l u o r i n e c o n t e n t as a f u n c t i o n o f sample 

p o s i t i o n i s shown i n F i g u r e 3.1. 

T h i s r e v e a l s a s i m i l a r t r e n d t o t h a t f o r pure 

PPFN, d i s c u s s e d i n Chapter Two, e x c e p t t h a t t h e F ^ s / C ^ s
 a r e a 

r a t i o i s lower f o r PPFN/H2. A t sample p o s i t i o n 2 PPFN has 

a F:C s t o i c h i o m e t r y o f 0.062:1 whereas f o r PPFN/H2 i t c o r r e s ­

ponds t o 0.048:1. T h i s c l e a r l y demonstrates t h a t the i n ­

c l u s i o n o f H2 i n t o t he s t a r t i n g vapour f a c i l i t a t e s t he e l i m ­

i n a t i o n o f f l u o r i n e , and i s i n agreement w i t h t h e study o f 
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FIGURE 3.1 Peak area r a t i o F. to C. envelopes as a IS Is — 
f u n c t i o n of p o s i t i o n f o r PPFN/H 2« 

the plasma p o l y m e r i z a t i o n of perfluorobenzene/*^ mixtures 

by C l a r k and AbRahman.^ As with the homopolymer, there i s 

a n e g l i g i b l e e f f e c t of the s u b s t r a t e temperature i n the 
F ] _ s / C i s P e a k a r e a r a t i o of the PPFN/H2 copolymer as a fun c t i o n 

of sample p o s i t i o n i n the r e a c t o r ( F i g . 3 . 1 ) . Deposition on to 

s u b s t r a t e s a t room temperature and 150°, r e s u l t i n the same 

v a r i a t i o n i n the F i s / C i s
 a r e a r a t i o - an e s s e n t i a l l y l i n e a r 

i n c r e a s e i n f l u o r i n e content of the f i l m as the sample i s taken 

from f u r t h e r down the r e a c t o r . T h i s i s an i n d i c a t i o n that 

the s p e c i e s present i n the gas phase and p a r t i c i p a t i n g i n the 

pol y m e r i z a t i o n r e a c t i o n s are very s e n s i t i v e to p o s i t i o n w i t h i n 
21 

the r e a c t o r . I t may be the case t h a t the r e a c t i v e f l u o r i n e 

m o i e t i e s are able to migrate f u r t h e r down the r e a c t o r , o r that 
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t h e a v a i l a b l e energy r e q u i r e d t o i n i t i a t e f l u o r i n e e l i m i n ­

a t i o n i s l e s s t h e f u r t h e r removed from t h e c o i l r e g i o n from 

which t h e sample i s taken. I t i s c e r t a i n l y t o be expected 

t h a t the h i g h e s t energy r e g i o n w i l l be a s s o c i a t e d w i t h t h e 
2 1 

c o i l and the s u p p o r t f o r t h i s l a t t e r p rocess can be d e r ­

i v e d from t h e power l o a d i n g dependence on t h e e x t e n t o f 

f l u o r i n e from PPFN i n F i g u r e 2.11. 

F u r t h e r evidence f o r the e l i m i n a t i o n o f f l u o r i n e 

w i t h the i n c l u s i o n o f i n t h e plasma f e e d i s seen i n 

F i g u r e 3.2. 

AH/H 

<H>6 

005 

004 

a 06 

KEY :-
x F i s / C i s 

AH/ H 

ai2T0TAL PRESSURE VfffiARR) 
TOTAL PftESSLMC' rN ' p H j 

FIGURE 3.2 Height of step function i n r e l a t i o n to t o t a l 
pressure and peak area r a t i o of F^ g to 
envelopes as a function of t o t a l pressure.. 
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From t h e p l o t of F, /C, peak area r a t i o versus 
I s I s 

an i n c r e a s i n g hydrogen p r e s s u r e i t can be seen t h a t w i t h an 

i n c r e a s e i n p r e s s u r e from 0.075 t o ̂ 0.1 mb the f l u o r i n e con­

t e n t of the polymer has almost h a l v e d . However, even a t 

r e l a t i v e l y h i g h hydrogen pr e s s u r e s n o t a l l t h e f l u o r i n e was 

e l i m i n a t e d . 

I n t h e p r e s e n t s t u d y the r a t e o f d e p o s i t i o n was 

n o t m o n i t o r e d . I t was n o t i c e d by C l a r k and AbRahman''"^ t h a t 

t h e r e was a decrease i n t h e r a t e o f d e p o s i t i o n , a t a c o n s t a n t 

t o t a l p r e s s u r e , on g o i n g from t h e pure p e r f l u o r o b e n z e n e plasma 

t o t h e h y d r o g e n / p e r f l u o r o b e n z e n e mixes. I f , however, t h e 

d a t a was viewed i n terms o f t h e p a r t i a l p r e s s u r e o f the f l u o r o -

c a r b o n , then t h e e f f e c t o f hydrogen was t o a c t u a l l y i n c r e a s e 

t h e r a t e o f d e p o s i t i o n . T h i s i s i n agreement w i t h o t h e r 

s t u d i e s i n the plasma p o l y m e r i z a t i o n o f o r g a n i c monomers w i t h 

hydrogen. 

The asymmetry of t h e C^g envelope o f PPFN has 

a l s o been r e c e n t l y observed i n plasma p o l y m e r i z e d a c r y l o n i t r i l e , 
23 

f e r r o c e n e , v i n y l f e r r o c e n e , d i m e t h y l a m i n o f e r r o c e n e , c y c l o -
24 

p e n t a d i e n y l c o b a l t d i c a r b o n y l , o c t a f l u o r o n a p h t h a l e n e , and 
25 

n a p h t h a l e n e . The envelope o f the copolymer from t e t r a -

methylgermanium and p e r f l u o r o b e n z e n e a l s o e x h i b i t s a v e r y 

d i s t i n c t asymmetry, o r s t e p - t h e 1:1 c o p o l y m e r i z a t i o n o f the 

l a t t e r two compounds i s d i s c u s s e d i n Chapter F i v e . 
From the ESCA s t u d i e s o f a s e r i e s o f p o l y c y c l i c 

19 
a r o m a t i c compounds and i o n bombarded polymers, where s i m i l a r 

asymmetries have been observed, i t has been p o s t u l a t e d t h a t 

t h e s t e p i n t h e C^ g envelope i s evidence f o r e x t e n s i v e un-
19 

s a t u r a t i o n i n t h e compound. I n polymers such as p o l y s t y r e n e 

d i s c r e t e shake-up s a t e l l i t e s a re observed which a r e d i a g n o s t i c 



I l l 

o f t h e l o c a l u n s a t u r a t i o n p r e s e n t i n the pendant phenyl 
2 6 

r i n g s . I n p o l y s t y r e n e t h e c o n j u g a t i o n l e n g t h i s s m a l l , 

however, as the c o n j u g a t i o n l e n g t h i n c r e a s e s , e.g. i n a 

system l i k e p o l y a c e t y l e n e , t he number of a l l o w e d shake-up 

t r a n s i t i o n s a l s o i n c r e a s e s w i t h t he r e s u l t t h a t t h e shake-

up i n t e n s i t y broadens o u t over a range o f such t r a n s i t i o n s . 

I n PPFN a shake-up s a t e l l i t e i s s t i l l d i s c e r n i b l e above t h e 

asymmetry i n d i c a t i n g t h e presence o f b o t h s h o r t and long 

range u n s a t u r a t i o n e f f e c t s . ^ 

The r a t i o o f s t e p h e i g h t t o t h e h e i g h t of the 

main p h o t o i o n i s a t i o n peak (AH/H as d i s p l a y e d i n F i g u r e 3.3) 

has been shown i n a s e r i e s o f p o l y c y c l i c a r o m a t i c compounds 

AN EXAMPLE OF THE STEP FUNCTION OF A Cg 

ENVELOPE=AH/H 

H 

AH 

FIGURE 3.3 Step f u n c t i o n as seen i n the C AH/H envelope i s 
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t o be d i r e c t l y r e l a t e d t o the carbon t o hydrogen r a t i o 

o f t h e compound. A l t h o u g h the i n f l u e n c e of the presence 

of heteroatoms on t h i s r e l a t i o n s h i p has n o t y e t been i n v e s t ­

i g a t e d , a q u a l i t a t i v e f e e l f o r carbon t o hydrogen r a t i o i n 

plasma p o l y m e r i z e d f l u o r o n a p h t h a l e n e , w i t h p a r t i c u l a r r e f e r ­

ence t o the PPFN/H2 polymer f i l m s can be f e l t . I n t h i s case 

i t i s t o be expected t h a t as t h e p a r t i a l p r e s s u r e o f hydrogen 

i s i n c r e a s e d t h e e x t e n t of h y d r o g e n a t i o n and l o s s o f u n s a t u r -

a t i o n w i l l i n c r e a s e . T h i s s h o u l d be r e f l e c t e d by a decrease 

i n the s t e p r a t i o as i s i n d i c a t e d by F i g u r e 3.2. 

19 

I n t h e work o f H u t t o n , the h e i g h t of t h e back­

ground was measured d i r e c t l y a f t e r t he main p h o t o i o n i s a t i o n 

peak b e f o r e t h e ir-m* shake-up s a t e l l i t e . The core l e v e l 

d i s p l a y e d no s h o u l d e r t o h i g h e r b i n d i n g e n e r g i e s of the main 

peak b u t d i d have a d i s t i n c t TT+TT* shake-up s a t e l l i t e . I n 

the p r e s e n t s t u d y , however, t h e presence of t h e peaks a t the 

h i g h b i n d i n g energy s i d e o f t h e C-H peak made t h i s i m p o s s i b l e , 

T h e r e f o r e t h e h e i g h t o f t h e background was measured 8eV t o 

h i g h e r b i n d i n g e n e r g i e s t h a n the main peak a t 285.OeV. T h i s 

e l i m i n a t e d t h e p o s s i b i l i t y o f i n c l u d i n g shake-up s a t e l l i t e s 
19 

i n t h e AH measurement due t o u n s a t u r a t e d h y d r o c a r b o n which 
28 

occur a t 7eV up from t h e main p h o t o i o n i s a t i o n peak. 
I t i s i n t e r e s t i n g t o note t h a t as t h e e x t e n t o f 

f l u o r i n e d e p l e t i o n i n the plasma polymer begins t o approach 

a ^ c o n s t a n t v a l u e the decrease i n the s t e p r a t i o a l s o l e v e l s 

o u t ( F i g u r e 3 . 2 ) . T h i s d a t a t e n t a t i v e l y suggest t h a t t h e 

l e v e l o f u n s a t u r a t i o n i n a d e p o s i t e d plasma polymer may be 

c o n t r o l l e d by v a r i a t i o n o f t h e p a r t i a l p r e s s u r e o f hydrogen 
27 

i n t he s t a r t i n g m i x t u r e . 
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The presence of a s t e p f u n c t i o n i n a p a r t i c u l a r 
c o r e l e v e l leads t o e r r o r s i n t h e c a l c u l a t i o n o f i t s a r e a . 
T h i s a r i s e s because o f the method o f background s u b t r a c t i o n 
used by t h e DS300. Other methods are n o t a v a i l a b l e on the 
system. The b e g i n n i n g and end o f the s p e c t r a l r e g i o n i s 
d e f i n e d by two p o i n t s on the background p r o f i l e , a l i n e a r 
background s u b t r a c t i o n i s then performed between t he two 
p o i n t s - F i g u r e 3.4. For peaks i n which t h e background i s 
e s s e n t i a l l y t h e same on each s i d e , t h e r e i s a minimum l o s s o f 
s i g n i f i c a n t peak i n t e n s i t y . But peaks which e x h i b i t a l a r g e 
s t e p i n t h e background, due t o e x t r i n s i c and i n t r i n s i c e l e c t r o n 

S ' SHAPED ' L I N E A R ' 

FIGURE 3 . 4 L i n e a r and 'S' shaped background s u b t r a c t i o n s 
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energy l o s s mechanisms, s u f f e r a l o s s o f peak h e i g h t and 
thus peak area. There are no ' c o r r e c t ' s o l u t i o n s t o the 
problem. I f the asymmetry i s a p r o p e r t y o f the core l e v e l , 
i.e. a r i s e s from i n e l a s t i c t a i l i n g , t h e n a n o n - l i n e a r 'S' 
shaped background s u b t r a c t i o n - F i g . 3.4 - can be p e r f o r m e d . 3 ^ 
However, i f t h e s t e p f u n c t i o n i s a s s o c i a t e d w i t h the main 
p h o t o i o n i s a t i o n event a r i s i n g from events which occur i n the 
same ti m e s c a l e , i.e. shake-up t r a n s i t i o n s , then p r i m a r y 
p h o t o i o n i s a t i o n peak becomes m o d i f i e d . The area under t h i s 
s t e p s h o u l d t h e n be taken w i t h t h e area o f th e main peak t o 
g i v e t h e t o t a l area o f t h e core l e v e l spectrum. I n t h i s 
i n s t a n c e , an S shaped background s u b t r a c t i o n w i l l t a k e no 
account o f t h e area under t h e s t e p t o t h e h i g h b i n d i n g energy 
s i d e o f the main peak. However, the use o f a l i n e a r back­
ground s u b t r a c t i o n i n core l e v e l s which show a d i s t i n c t asym­
metry a l s o leads t o problems a s s o c i a t e d w i t h peak s y n t h e s i s . 
I n most cases t h e a c t u a l d i s c r e p a n c y between t h e ' r e a l ' area 
and t h a t c a l c u l a t e d by a l i n e a r background s u b t r a c t i o n i s 
s m a l l i n comparison t o th e t o t a l area o f the envelope. T h i s 
d i s c r e p a n c y o n l y becomes i m p o r t a n t when a c c u r a t e q u a n t i t a t i v e 
r e s u l t s are r e q u i r e d , and i n the p r e s e n t case may be n e g l e c t e d 
w h i l e l o o k i n g a t g e n e r a l t r e n d s . 

T h i s problem w i t h peak s y n t h e s i s w i l l be d i s c u s s e d 

i n Chapter S i x , i n th e work on th e c q p o l y m e r i z a t i o n o f a r o m a t i c 

f l u o r o c a r b o n s w i t h t h e i r h y d r o c a r b o n analogues. 

3.3.2 Valence Band Region o f PPFN/H2 

A l t h o u g h t h e main i n f o r m a t i o n r e g a r d i n g s t r u c t u r e 

and b o n d i n g f r o m an ESCA exp e r i m e n t i s d e r i v e d f r o m the core 

l e v e l s p e c t r a , from b o t h t h e c h e m i c a l s h i f t s i n core l e v e l 
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b i n d i n g e n e r g i e s and a l s o from the c o m p o s i t i o n o f a p a r t i c u l a r 

core l e v e l , t h e va l e n c e bands of polymers a l s o c o n t a i n much 

v a l u a b l e information^"*" e s p e c i a l l y f o r systems which d i s p l a y 

no c h e m i c a l s h i f t s . For example, h i g h d e n s i t y and low 
19 

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

i n t h e C. r e g i o n , they are c l e a r l y d i s t i n g u i s h a b l e from t h e i r 
-L S 

v a l e n c e band r e g i o n s o f the ESCA s p e c t r a . To be ab l e t o 

e x t r a c t t h e maximum amount o f i n f o r m a t i o n f r o m t h i s r e g i o n 

however r e q u i r e s t h e a d d i t i o n a l s u p p o r t o f quantum mechanical 

c a l c u l a t i o n s and comparison w i t h o t h e r e x p e r i m e n t a l d a t a . 

These r e g i o n s can be r e a d i l y used as ' f i n g e r p r i n t i n g ' s p e c t r a . 

The v a l e n c e l e v e l s t e n d t o r e f l e c t l o ng range e l e c t r o n i c 

e f f e c t s and o r d e r whereas t h e core l e v e l s a r e e s s e n t i a l l y 

s h o r t range. The presence of asymmetry i n t h e C. envelope 

of plasma p o l y m e r i z e d f l u o r o n a p h t h a l e n e i s t h o u g h t t o be a 

lon g range e f f e c t . 

The v a l e n c e band s p e c t r a f o r PPFN a t lOw and 

PFFN a t t h e same power b u t h i g h p r e s s u r e a r e d i s p l a y e d i n 

F i g u r e 3.5. I n t h e v a l e n c e band spectrum o f plasma polymer­

i z e d f l u o r o n a p h t h a l e n e t h e peaks a t ̂ 35 and ̂ 27eV correspond 
19 

t o F_ and CL l e v e l s . On examining t he same r e g i o n i n 

the v a l e n c e band spectrum o f PPFN/H2 i t i s e v i d e n t t h a t t h e 

F 2 s peak i s e s s e n t i a l l y absent i n d i c a t i n g that t h e low F:C 

s t o i c h i o m e t r y r a t i o f o r PPFN/H2 observed i n t h e core l e v e l 

s p e c t r a {i.e. t h e s u r f a c e ) a l s o extends i n t o t h e b u l k . 

S i m i l a r l y , the presence o f the 0 2 g band i n b o t h s p e c t r a i n ­

d i c a t e s t h e o x i d a t i o n p r e s e n t i n the plasma polymer i s a l s o 

n o t n e c e s s a r i l y c o n f i n e d t o t h e v e r y s u r f a c e . T h i s i s n o t 

t h e r e s u l t e x p e c t e d i f t h e oxygen c o n t e n t o f plasma polymers 

a r i s e s s o l e l y f r o m t h e o x i d a t i o n o f t h e s u r f a c e o f t h e polymer 
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FIGURE 3.5 Valence band of plasma polymerized 1 f l u o r o ­
naphthalene (A), no hydrogen, (B) with hydrogen. 
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upon exposure t o atmosphere, t h e oxygen would n o t be able 

t o reach t h e s u b s u r f a c e of t h e plasma polymer. The r o t a t i o n 

o f o x i d i s e d groups t u r n i n g i n t o t h e polymer i s a l s o e x t r e m e l y 

l i m i t e d due t o t h e h i g h l y c r o s s - l i n k e d r i g i d n a t u r e of t h e 

f i l m . 

T h i s r e s u l t t h e r e f o r e adds v a l i d i t y t o t h e 

argument t h a t some of the oxygen i s i n c o r p o r a t e d d u r i n g f i l m 

f o r m a t i o n and may a r i s e from e t c h i n g of the r e a c t o r w a l l s 

by r e a c t i v e F atoms, i n the case o f f l u o r o c a r b o n plasmas, or 

t h r o u g h t h e presence o f s m a l l l e a k s i n the vacuum l i n e . 

Under the p r e s e n t e x p e r i m e n t a l c o n f i g u r a t i o n , t h e l e a k r a t e 

b e f o r e each p o l y m e r i z a t i o n was t e s t e d t o ensure t h a t the r a t e 

was n o t below a ' s a t i s f a c t o r y ' l e v e l , which was p e r s o n a l l y 

d e t e r m i n e d . I t i s a l m o s t i m p o s s i b l e t o g e t a l e a k - f r e e 

system, one o f t h e b i g g e s t causes o f leaks i n t h i s system 

i s t h e use o f V i t o n '0' r i n g s t o s e a l t h e ground g l a s s 

f l a n g e s o f t h e r e a c t o r i n t h e vacuum l i n e , and i n t h e Cajon 

' u l t r a t o r r ' c o u p l i n g s . An improved leak r a t e would r e s u l t 

i f t h e vacuum l i n e were made i n n e a r l y one p i e c e and t h e r e ­

a c t o r had c o n f l a t f l a n g e s . But t h i s , however, would make th e 

vacuum system r i g i d and d i f f i c u l t t o work w i t h and t h e p r e ­

sence o f t h e m e t a l f l a n g e s i n t h e plasma r e g i o n may be unde­

s i r a b l e , depending on t h e e t c h i n g c h a r a c t e r i s t i c s o f the 

plasma under s t u d y . 

Of most i n t e r e s t i n t h e p r e s e n t v a l e n c e band 

s p e c t r a a r e t h e and C2p hands i n d i c a t e d i n F i g u r e 3.5. 

For plasma p o l y m e r i z e d f l u o r o n a p h t h a l e n e t h e C 0 r e g i o n con-

s i s t s o f a broad s t r u c t u r e . However, f o r PPFN/^ a band 

appears a t ^17eV which i s d i s t i n g u i s h a b l e f r o m t h e r e s t o f 

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

dangerous t o s p e c u l a t e on the o r i g i n o f t h i s a d d i t i o n a l peak 

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

a s s o c i a t e d w i t h t h e h y d r o g e n a t i o n of the plasma polymer. 

Both s p e c t r a i n F i g u r e 3.5, i n f a c t , resemble t he valen c e 

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

I t i s p o s s i b l e t h a t t h e observed peak a t ̂ 17eV i n PPFN/H2 

r e f l e c t s a lower degree o f c r o s s - l i n k i n g , c h a i n b r a n c h i n g 

and/or a decrease i n u n s a t u r a t i o n , i.e. some of the d i f f e r -
19 

ences t h a t e x i s t between g r a p h i t e and p o l y v i n y l n a p h t h a l e n e . 

Thus, i n c o n c l u s i o n , as w i t h t h e study o f t h e 

plasma p o l y m e r i z a t i o n o f p e r f l u o r o b e n z e n e / h y d r o g e n m i x t u r e s , 

t h e a d d i t i o n o f hydrogen t o t h e o r g a n i c monomer fe e d t o t h e 

r e a c t o r causes the i n c r e a s e d e l i m i n a t i o n o f f l u o r i n e and i n ­

c o r p o r a t i o n o f hydrogen. T h i s r e s u l t s i n a decrease i n t h e 

e x t e n t o f u n s a t u r a t i o n p r e s e n t which i s evidenced by t h e l o s s 

o f TT-^TT* shake-up s a t e l l i t e s i n t h e PPP'FB/H2 and from t h e de­

crease i n s t e p f u n c t i o n t o g e t h e r w i t h t h e a l t e r a t i o n o f t h e 

va l e n c e band r e g i o n i n PPFN/H2. 

3.3.3 The Plasma P o l y m e r i z a t i o n o f Perfluorcberizene/Argon Mixes 

(1) I n t r o d u c t i o n 

There have been s e v e r a l s t u d i e s on t h e copolymer-
15 32 

i z a t i o n , o r p o l y m e r i z a t i o n , o f benzene i n t h e presence o f Ar. ' 

U n t i l now, however, t h e r e has been no comprehensive s t u d y i n 

t h e c o m p o s i t i o n o f t h e r e s u l t i n g plasma polymer formed i n t h e 

presence o f v a r y i n g amounts of the i n e r t gas. The p r e s e n t 

s t u d y was made w i t h t h e f o l l o w i n g f a c t s i n mind: 

( i ) The resonance e m i s s i o n l i n e s o f Argon, a t around 

lOOnm, have s u f f i c i e n t energy t o cause t h e f o r m a t i o n o f t h e 
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r a d i c a l c a t i o n of p e r f l u o r o b e n z e n e by p h o t o i o n i s a t i o n . 

Thus i f the f o r m a t i o n o f t h e r a d i c a l c a t i o n i s i m p o r t a n t 

i n the plasma p o l y m e r i z a t i o n o f p e r f l u o r o b e n z e n e - t h e i m p o r t ­

ance o f t h e r a d i c a l c a t i o n has been proposed i n s t u d i e s i n 

th e p o l y m e r i z a t i o n mechanism of 95% Ar/5% benzene - t h e p r e -
32 

sence o f excess argon may r e v e a l some i n t e r e s t i n g r e s u l t s . 

( i i ) The presence of excess Ar w i l l cause the fre q u e n c y 

o f e l e c t r o n - m o l e c u l e c o l l i s i o n s t o i n c r e a s e , as w i l l t h e 

s p u t t e r i n g o f the d e p o s i t i n g plasma polymer due t o argon i o n s . 

The f o r m a t i o n o f Ar m e t a s t a b l e s t a t e s w i l l a l s o occur. These 

m e t a s t a b l e p a r t i c l e s cannot r a d i a t e and thus energy i s s t o r e d 

i n e l e c t r o n i c e x c i t a t i o n . T h i s energy, 11.6eV f o r t h e f i r s t 
33 

Ar m e t a s t a b l e state, i s d i s s i p a t e d by c o l l i s i o n w i t h t he s u r f a c e 

o r by energy t r a n s f e r w i t h a n o t h e r m o l e c u l e . Thus t h e t r a n ­

s f e r o f energy from these m e t a s t a b l e t o t h e o r g a n i c molecules 

may p l a y an i m p o r t a n t r o l e i n t h e plasma p o l y m e r i z a t i o n p r o c e s s . 

( i i i ) The presence of argon w i l l a l s o cause a r e d u c t i o n 

i n t h e number o f b i m o l e c u l a r c o l l i s i o n s between t h e p e r f l u o r o -

benzene molecules and can a l s o d e a c t i v a t e r e a c t i v e o r g a n i c 

s p e c i e s by c o l l i s i o n . 

I n the s t u d y on t h e plasma p o l y m e r i z a t i o n o f 
32 

95% A r / 5 % Benzene, the p o l y m e r i c d e p o s i t was s a i d t o i n ­

crease w i t h an i n c r e a s e i n p r e s s u r e . T h i s e f f e c t c o u l d be 

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

b i m o l e c u l a r c o l l i s i o n s necessary f o r gas phase p o l y m e r i z a t i o n . 

A l s o n o t e d as p r o d u c t s o f t h i s r e a c t i o n , a l o n g w i t h t he p o l y ­

m e r i c l a y e r , were b i p h e n y l , m e t h y l b i p h e n y l , p t e r p h e n y l and 

qua t e rphe n y 1 . ^ ^ 

The use o f a non e q u i l i b r i u m plasma as a means o f 

p r e p a r a t i v e o r g a n i c c h e m i s t r y has been w e l l i n v e s t i g a t e d , 
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e s p e c i a l l y by Suhr et al. Plasma c h e m i s t r y o c c a s i o n a l l y 

c r e a t e s new compounds and more o f t e n leads i n a s i m p l e s t e p 

t o substances which by c l a s s i c a l methods can o n l y be syn-

t h e s i s e d by a number o f r e a c t i o n s t e p s . However, u n t i l 

v e r y r e c e n t l y t h e r e s u l t s o f such r e a c t i o n s were r a t h e r un-

s p e c i f i c and t h e y i e l d s were much t o o s m a l l t o prove plasmas 

as a v i a b l e s y n t h e t i c r o u t e . T h i s use of c o l d plasmas as 

a p r e p a r a t i v e method has been d i s c u s s e d i n g r e a t e r d e t a i l 

i n Chapter One. 

2 . Resu11s and P i s c u s s i o n 

I n i t i a l e x p e r i m e n t s on t h e a d d i t i o n o f Argon t o 

p e r f l u o r o b e n z e n e vapour i n a plasma were based on a c o n s t a n t 

p a r t i a l p r e s s u r e o f p e r f luorobenzene (O.lmb) i.e. i n c r e a s i n g 

the amount of argon caused an i n c r e a s e i n t h e t o t a l p r e s s u r e 

o f t h e system. 

3.3.4 V a r y i n g R a t i o s o f PFB/Ar - P a r t i a l P ressure 
PFB C o n s t a n t (O.lmb) 

T y p i c a l c o r e l e v e l s p e c t r a f o r plasma polymer­

i z e d p e r f l u o r o b e n z e n e are shown i n F i g u r e 2.3, a l o n g w i t h a 

d i s c u s s i o n of the v a r i o u s f e a t u r e s a r i s i n g f rom t h e c o r e l e v e l s 

and t h e r e a d e r i s asked t o r e f e r back t o t h i s S e c t i o n (2.3.11) 

f o r a f u l l e r account. For ease o f comparison o f t h e d a t a 

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

e s s e n t i a l f e a t u r e s a r i s i n g f r o m t h e C^g envelope are r e i t e r ­

a t e d h e r e . Namely, t h e presence o f peaks a t 285.0, 286.7, 

288.3, 289.5, 291,2, 29 3.3 and 29 5.5eV a r i s i n g f r o m CH, C-CF, 

CF, CF-CF^, CF£, CF^ and T T + T T * shake-up s a t e l l i t e e n v i r o n m e n t s 

r e s p e c t i v e l y . The l a t t e r , d e m o n s t r a t i n g t h e u n s a t u r a t i o n 
18 

p r e s e n t i n the polymer f i l m , i s a l s o seen i n t h e F core 
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l e v e l spectrum and a r i s e s from f l u o r i n e bonded t o u n s a t u r a t e d 

carbon. The F
l s

: C ^ s s t o i c h i o m e t r y o f the plasma polymer 

r e v e a l s t h a t t h e atomic r a t i o o f t h e s t a r t i n g monomer has been 

r e t a i n e d , i.e. C ^ : F ^ a l t h o u g h e x t e n s i v e m o l e c u l a r r e a r r a n g e ­

ment has t a k e n p l a c e , as evidenced by the presence of C-CF, 

and CF^ f u n c t i o n a l groups i n the C ^ envelope, i n the 

processes l e a d i n g t o d e p o s i t i o n . The polymer f i l m was a l s o 

found t o c o n t a i n a s m a l l amount of oxygen,C^:0^ Under 

the v a r i o u s c o n d i t i o n s employed i n the plasma p o l y m e r i z a t i o n 

of p e r f l u o r o b e n z e n e , t h e f e a t u r e s d e s c r i b e d above were e s s e n t ­

i a l l y c o n s t a n t a l t h o u g h s u b t l e changes i n t h e c o m p o s i t i o n o f 

the C- envelope c o u l d be d e t e c t e d . 

X & 

T y p i c a l v a l u e s o f the percentage c o m p o s i t i o n o f 

the v a r i o u s component peaks o f t h e envelope of plasma 

p o l y m e r i z e d PFB are shown i n F i g u r e 3.6. These data p o i n t s 

a l l c o r r e s p o n d t o a sample p o s i t i o n w i t h i n t h e c o i l r e g i o n . 

A l s o shown i n F i g u r e 3.6 are t h e c o r r e s p o n d i n g v a l u e s f o r t h e 

plasma polymer f i l m s formed i n 'atmospheres' o f 1:1, 1:2 and 

1:3 r a t i o s o f PFB/Ar vapour r e s p e c t i v e l y . I t i s v e r y a p p a r e n t 

t h a t the excess argon m i x t u r e s have r e s u l t e d i n an i n c r e a s e 

i n t h e amount o f u n s a t u r a t i o n p r e s e n t . I n f a c t , from t h e 

1:3 m i x t u r e t h e T T + T T * shake-up s a t e l l i t e i n t h e f i l m has almost 

doubled compared w i t h t h e percentage v a l u e o f t h e s a t e l l i t e 

i n t h e polymer f r o m pure PFB. Concomitant w i t h t h i s change 

i s a s l i g h t decrease i n the amount o f CF 2 f u n c t i o n a l i t i e s 

t o g e t h e r w i t h a s l i g h t i n c r e a s e i n t h e amount o f t o t a l CF. 

The amount o f GF^ i s e s s e n t i a l l y c o n s t a n t i n a l l f o u r polymer 

f i l m s , w h i l s t t h e amount o f C-CF a l s o decreases. For u n s a t ­

u r a t i o n t o i n c r e a s e , t h i s would s u g g e s t , i n view o f t h e f a c t 

t h a t most o f t h e component peaks o n l y show a s l i g h t change w i t h 
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FIGURE 3.6 Percentage c o m p o s i t i o n o f t h e C^g envelope as a 
f u n c t i o n o f i n c r e a s i n g t h e t o t a l p r e s s u r e ( p a r t i a l 
p r e s s u r e o f PFB i s k e p t c o n s t a n t a t O.lmb). 

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

f l u o r i n e f r o m t h e polymer f i l m . T h i s l o s s o f f l u o r i n e would 

seem t o be a s s o c i a t e d most w i t h C-CF f u n c t i o n a l i t i e s , t o p r o ­

duce C=C groups t o which no f l u o r i n e i s d i r e c t l y a t t a c h e d . 

The b i n d i n g energy o f C=CF i s expected t o be i n t h e same r e g i o n 

as C-CF, b u t due t o t h e decrease i n t h i s peak, i t i s s u g g e s t i v e 

o f t h e f a c t t h a t t h e i n c r e a s e i n u n s a t u r a t i o n i s n o t assoc­

i a t e d m a i n l y w i t h an i n c r e a s e i n C=CF i n t h e plasma polymer as 

a t f i r s t m i g h t be expec t e d . 

However, t h i s i s n o t i n agreement w i t h t h e i n f o r m ­

a t i o n f r o m t h e F. cor e l e v e l which shows a v i s i b l e i n c r e a s e 
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i n t he amount of f l u o r i n e a t t a c h e d d i r e c t l y t o u n s a t u r a t e d 

c a r b o n , i.e. i n t h e T T - ^ T T * shake-up s a t e l l i t e , and t h e r e f o r e 

suggests an i n c r e a s e o f C=CF, 

The l o s s o f f l u o r i n e i s borne o u t by a decrease 

i n t h e F /C peak area r a t i o s as shown i n F i g u r e 3.7. As i s i s 
t h e e x c i t i n g vapour moves from pure p e r f l u o r o b e n z e n e t o t h e 

1:3 PFB/Ar r a t i o t he C:F s t o i c h i o m e t r y o f t h e d e p o s i t e d f i l m 

decreases from e s s e n t i a l l y u n i t y t o C.:F . T h i s i s i n 

c o n t r a d i c t i o n w i t h the F:C s t o i c h i o m e t r y o b t a i n e d by a carbon 

envelope c a l c u l a t i o n ^ ^ which shows the C:F r a t i o t o be ess­

e n t i a l l y c o n s t a n t i n a l l f o u r polymer f i l m s . P o s s i b l e reasons 

F« 1 90 1s 

s 
1 86 

1*82 

1-78 

•74 

i 

1:0 1:1 1:3 PFB/AR RATIO 1:2 

FIGURE 3.7 Peak a r e a r a t i o of F. to C, envelopes as a 
f u n c t i o n of i n c r e a s i n g t o t a l p r e s s u r e ( p a r t i a l 
p r e s s u r e of PFB i s kept constant a t O.lmb). 
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f o r t h i s a r e : 

1. An i n c r e a s e i n the amount o f oxygen i n c o r p o r a t i o n i n t o 

the polymer f i l m w hich r e s u l t s i n a ' f a l s e ' component peak 

a n a l y s i s o f t h e envelope w h i c h assumes a l l t h e i n t e n s i t y 

i s due t o f l u o r i n e c o n t a i n i n g f u n c t i o n a l i t i e s . I n f a c t , as 

can be seen f r o m F i g u r e 3.7, t h e amount o f t o t a l oxygen a c t ­

u a l l y decreases t o an almost n e g l i g i b l e c o n c e n t r a t i o n of 1 

i n e v e r y 100 carbon atoms. T h i s i s i t s e l f an i n t e r e s t i n g 

phenomena and w i l l be d i s c u s s e d l a t e r on. 

2. Due t o an i n c r e a s e d amount o f u n s a t u r a t i o n a s s o c i a t e d 

w i t h n o n - f l u o r i n e c o n t a i n i n g f u n c t i o n a l i t i e s , t h e r e w i l l be 

an i n c r e a s e d amount o f T T - > T T * shake-up s a t e l l i t e a s s o c i a t e d w i t h 

the peaks f o r m a l l y a ssigned t o CF 2 and CF^ groups thus l e a d i n g 

a g a i n t o a ' h i g h ' a pparent amount o f f l u o r i n e . 

3. An i n c r e a s e d amount o f hy d r o c a r b o n on t h e polymer s u r ­

f a c e , due t o t h e d i f f e r e n t s a m p l i n g depths f o r t h e F^ g and 
36 

C^s c o r e l e v e l s , would r e s u l t i n an a p p a r e n t decrease i n 

t h e t o t a l a rea a s s o c i a t e d w i t h t h e F^ g core l e v e l spectrum. 

I n f a c t , t h i s a g a i n i s n o t a v a l i d argument s i n c e t h e amount 

of h y d r o c a r b o n a s s o c i a t e d w i t h t h e PFB/Ar polymer f i l m s i s 

l e s s t h a n t h a t a s s o c i a t e d w i t h t h e pure PFB polymer. (The 

percentage areas o f t h e component peaks o f the have been 

c o r r e c t e d f o r t h e amount o f h y d r o c a r b o n i n F i g u r e 3.6). 

4. The f i l m s m i g h t n o t be v e r t i c a l l y homogeneous, and t h e 

s u r f a c e i s d e p l e t e d i n f l u o r i n e . T h i s cannot be d i s c o u n t e d 

w i t h c e r t a i n t y s i n c e o n l y one o f t h e f i l m s were checked f o r 

v e r t i c a l homogeneity by a n g u l a r dependence when s t u d i e s a t 35° 

and 70° t a k e - o f f angles were b o t h i n agreement. 
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Thus the anomaly between t h e two c a l c u l a t e d 

F:C r a t i o s cannot be r e s o l v e d w i t h c e r t a i n t y w i t h o u t f u r t h e r 

i n f o r m a t i o n about the depth p r o f i l e s of a l l the polymer f i l m s . 

The apparent r e d u c t i o n of t h e amount of oxygen by 

a f a c t o r o f 2 would tend t o suggest t h a t the o x i d a t i o n o f t h e 

polymer f i l m i s i n c r e a s i n g l y i n h i b i t e d by the presence of argon. 

T h i s i n i t s e l f suggests t h a t t h e r e i s some i n t e r a c t i o n between 

PFB and Ar r e s u l t i n g i n a decrease i n the number o f r e a c t i v e 

f r e e r a d i c a l s b e i n g t r a p p e d i n t h e polymer m a t r i x and/or an 

i n c r e a s e o f f r e e r a d i c a l s , by argon i o n bombardment, i n t h e 

polymer f i l m which t h e n a c h i e v e s a g r e a t e r s t a b i l i z a t i o n 

t h r o u g h an i n c r e a s e d amount o f c r o s s - l i n k i n g . 

I t s h o u l d be added, th o u g h , t h a t a l t h o u g h t h e 

l e a k r a t e as measured i n t h e absence o f t h e o r g a n i c vapour i s 

a p p r o x i m a t e l y c o n s t a n t , t h e i n c r e a s e d p r e s s u r e i n t h e vacuum 

system d u r i n g the e x p e r i m e n t w i l l cause a r e d u c t i o n i n the 

l e a k r a t e . However, i t would n o t be expected t o cause such 

a d i f f e r e n c e i n the oxygen c o n t e n t o f t h e plasma polymer. 

37 

C o n t a c t angles o f t h e v a r i o u s f i l m s as measured 

w i t h d i s t i l l e d w a t e r were a l l c o n s t a n t a t around 90°, i.e. 

h y d r o p h o b i c s u r f a c e s . 

The above r e s u l t s may a l l be d e r i v e d f r o m t h e 

i n c r e a s e d number o f c o l l i s i o n s w i t h i n the r e a c t o r between the 

v a r i o u s s p e c i e s p r e s e n t , i.e. t h e argon i s s e r v i n g no o t h e r 

f u n c t i o n t h a n t o cause an i n c r e a s e i n t h e number o f impacts 

w i t h i n c r e a s i n g t o t a l p r e s s u r e . To examine t h i s , a s e r i e s o f 

e x p e r i m e n t s were c a r r i e d o u t where the t o t a l p r e s s u r e o f t h e 

system was k e p t c o n s t a n t b u t t h e p a r t i a l p r e s s u r e o f PFB 

a l t e r e d . 
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3.3.5 V a r y i n g R a t i o s of PFB/Ar - T o t a l Pressure 
C o n s t a n t (0.2mb) 

Seven d i f f e r e n t r a t i o s were examined r a n g i n g 

from a 1:1 t o a 1:20 PFB/Ar mix. F i g u r e 3.8 shows the 

change i n the percentage c o m p o s i t i o n of the C envelope as 
X s 

the r a t i o decreases, i.e. the amount o f Ar i n c r e a s e s from 

a 1:1 t o a 1:9 c o m b i n a t i o n . The most n o t i c e a b l e change i s 

an i n c r e a s i n g amount of CF 2 and CF^ as t h e PFB/Ar r a t i o de­

c r e a s e s , t h i s i s accompanied by a decrease i n C-CF and CF 

f u n c t i o n a l i t i e s and an expected decrease i n the amount of 

TT->-TT* shake-up s a t e l l i t e s . Peak assignment has been on t h e 

b a s i s t h a t t h e component peaks are a l l due t o F c o n t a i n i n g 

groups. The s m a l l c o n t r i b u t i o n s by oxygen and n i t r o g e n 

f u n c t i o n a l i t i e s has been i g n o r e d . T h i s w i l l be d i s c u s s e d 

l a t e r . T h i s decrease i n u n s a t u r a t i o n i s a l s o seen i n t h e 

F l s c o r e l e v e l spectrum. The shake-up s a t e l l i t e a t ^696eV 

g r a d u a l l y decreases i n i n t e n s i t y u n t i l t h e 1/9 r a t i o o f 

PFB/Ar when i t i s no l o n g e r d i s c e r n i b l e above t h e background 

n o i s e . 

A l s o a p p a r e n t , b u t n o t as n o t i c e a b l e , i s t h e f a c t 

t h a t t h e 1:1 mix produces a polymer whose C^s envelope more 

c l o s e l y resembles t h a t o f t h e polymer produced from O.lmb pure 

p e r f l u o r o b e n z e n e , t h a n i t does t h e 0.2mb pure p e r f l u o r o b e n z e n e . 

The percentage components o f t h e C^g envelopes f o r these t h r e e 

plasma polymers are shown i n Table 3.1, and would suggest t h a t 

i n a 1:1 r a t i o , t h e argon has had v e r y l i t t l e e f f e c t on t h e 

c o m p o s i t i o n o f t h e plasma polymer produced by a p a r t i a l p r e s s ­

ure o f O.lmb o f PFB compared w i t h a pure PFB polymer. Thus 

c e r t a i n l y i n a 1:1 r a t i o t h e r e i s no v i s i b l e evidence f o r any 

e f f e c t s o f t h e r a r e gas on the plasma p o l y m e r i z a t i o n process 
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COMPONENT ANALYSIS OF THE C1S ENVELOPE AS A FUNCTION OF PARTIAL 

PRESSURE OF PFB IN A PFB/Ar MIX 
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FIGURE 3.8 Percentage composition of the C 1 a envelope as a 
fu n c t i o n of i n c r e a s i n g the p a r t i a l p r e s s u r e of 
PFB ( T o t a l pressure of PFB/Ar = Q . 2 m b ) . 
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TABLE 3.1 Percentage Areas o f t h e Component Peaks o f t h e C^c 

Envelope f o r 0.1 and 0.2mb PFB and O.lmb PFB/O.lmb 
Ar Plasma Polymers 

Component peaks C-CF CF ( t o t a l ) CF 2 CF 3 T T + T T * 

0.2mb PFB 

O.lmb PFB+O.lmb Ar 

O.lmb PFB 

31 52 9 5 3 

25 50 16 7 2 

261 49 15 8 2 

of p e r f l u o r o b e n z e n e . I t i s p o s s i b l e t h a t t h e i n c r e a s e i n 

CF 2 and CF^ component peaks a r i s e from a c o m b i n a t i o n o f two 

processes: 

1. A decrease i n b i m o l e c u l a r o r g a n i c c o l l i s i o n s , 

accompanied by 

2. An i n c r e a s e i n f r a g m e n t a t i o n o f t h e p e r f l u o r o b e n z e n e 

r e s u l t i n g f r o m an i n c r e a s e i n the number o f t h e m o l e c u l a r 

c o l l i s i o n s w i t h A r i n the gas phase/surface i n t e r f a c e . 
+ 

P h y s i c a l s p u t t e r i n g o f t h e f o r m i n g polymer by Ar 

w i l l a l s o o c c u r . The amount o f C-CF m i g h t be expected t o 

i n c r e a s e due t o an i n c r e a s e d amount o f c r o s s - l i n k i n g i f t h i s 

p rocess was i m p o r t a n t i n d e t e r m i n i n g t h e e f f e c t s on t h e com­

p o s i t i o n o f t h e C^s envelope. 

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

f i l m s were s u f f i c i e n t l y t h i c k enough so t h a t a f t e r a 10 minute 

d e p o s i t i o n p e r i o d , t h e aluminium s u b s t r a t e was n o t v i s i b l e 

t o ESCA. The d e p o s i t i o n r a t e o f s t y r e n e i n excess argon has 
3 8 

been examined i n a d.c. d i s c h a r g e . I t was d e t e r m i n e d t h a t 

t h e d e p o s i t i o n r a t e was an a d d i t i v e o f two f a c t o r s : a depos­

i t i o n t e r m and a s p u t t e r i n g t e r m . The c o m p o s i t i o n o f t h e r e ­

s u l t a n t polymer was n o t examined. 
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However, i t should be remembered t h a t i n a d.c. 

d i s c h a r g e t he i o n s themselves are a l s o a c c e l e r a t e d between 

th e e l e c t rodes, which causes the i o n s t o have a g r e a t e r 

k i n e t i c energy. The t h e r m a l energy o f the system w i l l 

then a l s o i n c r e a s e . These two e f f e c t s w i l l a l s o be expected 

t o have some b e a r i n g on the polymer d e p o s i t i o n r a t e / s p u t t e r i n g 

r a t e . 

Over the range shown i n F i g u r e 3.8, t h e t o t a l 

F:C s t o i c h i o m e t r y does n o t show any t r e n d b u t appears t o 

remain c o n s t a n t around C^:F^ Q 2 , i.e. t h e r e has been no 

f l u o r i n e e l i m i n a t i o n t a k i n g p l a c e . T h i s i s t h e r e v e r s e o f 

t h e s i t u a t i o n f o u nd i n the plasma p o l y m e r i z a t i o n o f a con­

s t a n t p a r t i a l p r e s s u r e o f p e r f l u o r o b e n z e n e , w i t h argon w i t h 

an i n c r e a s i n g t o t a l p r e s s u r e , where f l u o r i n e e l i m i n a t i o n took 

p l a c e . 

The t o t a l F:C r a t i o as c a l c u l a t e d from t h e C. 
l s 

e nvelope i s hampered by the i n c r e a s i n g amount o f n i t r o g e n 

i n c o r p o r a t i o n which takes p l a c e w i t h excess argon. As was 

mentioned e a r l i e r , t h e numbers i n F i g u r e 3.8 r e p r e s e n t t h e 

p e r c e n t a g e a r e a assuming t h a t a l l c o n t r i b u t i o n s t o t h e 

envelope a r i s e s o l e l y from f l u o r i n e c o n t a i n i n g groups. I n 

f a c t , t h e c o n t r i b u t i o n t o t h e C^g c o r e l e v e l envelope by 

n i t r o g e n i n t h e 1:4 t o 1:1 m i x t u r e s i s n o t v e r y s i g n i f i c a n t , 

th e polymer f i l m s o n l y c o n t a i n l e s s t h a n 3 n i t r o g e n atoms f o r 

eve r y 100 carbon atoms. However, t h e amount o f n i t r o g e n i n 

th e 1:9 PFB/Ar c o m b i n a t i o n can no l o n g e r be i g n o r e d , t h e 

polymer f i l m has a C:N r a t i o o f 1:0.14. T h e r e f o r e the a c t u a l 

v a l u e s quoted f o r the percentage c o m p o s i t i o n o f t h e e n v e l ­

ope o f t h e polymer d e r i v e d f r o m a 1:9 r a t i o o f PFB/Ar may n o t 

be t o t a l l y a c c u r a t e due t o the unknown c o n t r i b u t i o n s t o the 
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v a r i o u s component peaks by n i t r o g e n . N i t r o g e n i n c o r p o r a t i o n 

was n o t seen i n t h e plasma p o l y m e r i z a t i o n o f O.lmb PFB + A r , 

where the p a r t i a l p r e s s u r e o f argon was i n c r e a s e d . Thus i t 

would seem t h a t when the p a r t i a l p r e s s u r e o f the o r g a n i c 

monomer i s low, t h e excess argon p r e s e n t causes the i n c o r p o r ­

a t i o n o f n i t r o g e n i n t o t h e polymer f i l m . The presence o f 

n i t r o g e n i s most l i k e l y t o a r i s e from a 'le a k y ' r e a c t o r / 

vacuum l i n e , t h i s leakage hampered the e x p e r i m e n t a l study o f 

v e r y low p r e s s u r e s o f a r g o n / p e r f l u o r o b e n z e n e c o m b i n a t i o n s 

due t o t h e l a r g e amounts o f n i t r o g e n i n c o r p o r a t i o n . I n t h e 

1:20 PFB/Ar plasma p o l y m e r i z a t i o n , d i s c u s s e d below, t h e 

n i t r o g e n i n c o r p o r a t i o n was, i n f a c t , reduced b u t n o t e l i m i n a t e d , 

due t o a b e t t e r leak r a t e . 

The amount o f oxygen i n a l l o f the polymer f i l m s 

was n o t v e r y g r e a t , t h e C:0 s t o i c h i o m e t r y was l e s s than 1:0.08 

and t h e r e was no p a r t i c u l a r v a r i a t i o n w i t h the p a r t i a l p r e s s u r e 

of p e r f l u o r o b e n z e n e . 

I n t h e presence o f a g r e a t excess o f arg o n , i.e. 

1:20 PFB/Ar r a t i o , a c o m b i n a t i o n o f a r e d u c t i o n i n t h e depos­

i t i o n r a t e and an i n c r e a s e i n the s p u t t e r i n g r a t e r e s u l t e d i n 

t h e f o r m a t i o n o f o n l y a t h i n p o l y m e r i c f i l m ^35 A. The C^g 

c o n s i s t e d e s s e n t i a l l y o f a main p h o t o i o n i s a t i o n peak a t 285.OeV 

w i t h a s m a l l s h o u l d e r t o h i g h e r b i n d i n g e n e r g i e s made up o f 

peaks %1.6, 2.4 and 4.5eV s h i f t e d from t h e main peak, i.e-

t h e C^g envelope no l o n g e r c o n s i s t s o f f l u o r i n e dominated 

environments. There was a l s o a v e r y h e a l t h y 0. s i g n a l , b u t 
x S 

due t o t h e v i s i b i l i t y o f t h e s u b s t r a t e i t i s n o t p o s s i b l e t o 

de t e r m i n e t h e c o n t r i b u t i o n s f r o m t h e o x i d e l a y e r from t h e oxygen 

a s s o c i a t e d w i t h t h e polymer f i l m . 
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The F, s i g n a l c o n s i s t e d o f two peaks: t h e I s 
main o r g a n i c f l u o r i n e peak a t ̂ 688eV and a sh o u l d e r a t 2.OeV 

lower b i n d i n g energy. I t i s t h o u g h t t h a t t h i s peak i s due 

t o an i n t e r a c t i o n between t h e p e r f l u o r o b e n z e n e and t h e a l u m i n ­

ium o x i d e a t the p o l y m e r / s u b s t r a t e i n t e r f a c e and i s an o t h e r 

i n d i c a t i o n t h a t t h e f i l m t h i c k n e s s i s n o t g r e a t e r t h a n 23 8. 

This phenomenon has been n o t i c e d i n the p h o t o p o l y m e r i z a t i o n 

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

Chapter Seven. 

3.3.6 1.9 R a t i o o f PFB/Ar - T o t a l Pressure o f 0.4mb 

To check t h e e f f e c t o f p r e s s u r e i n t h e 1:9 PFB/Ar 

r a t i o , t h e t o t a l p r e s s u r e o f the system was doubled t o 0.4mb. 

Du r i n g t h i s e x p e r i m e n t , t h e glow was o n l y v i s i b l e i n t h e c o i l 

r e g i o n , so t h e sample c o m p o s i t i o n o f t h e polymer d e p o s i t e d i n 

th e non-glow t a i l r e g i o n was a l s o examined. C o n s i d e r i n g t h e 

sample i n t h e c o i l r e g i o n f i r s t , t h e p a r t i a l p r e s s u r e o f p e r -

f l u o r o b e n z e n e a t t h i s h i g h e r t o t a l p r e s s u r e was e q u i v a l e n t t o 

the p a r t i a l p r e s s u r e o f PFB i n t h e 1:2.5 PFB/Ar r a t i o and 

Table 3.2 shows a comparison between t h e percentage areas o f 

th e C^s envelope component peaks from t h e two polymers depos­

i t e d i n t h e c o i l r e g i o n . 

TABLE 3.2 Percentage areas o f t h e component peaks o f t h e C^g 

envelopes f o r polymers d e r i v e d from 1:9 and 1:2.5~ 
PFB/Ar r a t i o s - P a r t i a l p r e s s u r e s o f PFB i d e n t i c a l 

Component Peak C-CF C F ( t o t a l ) CF CF 3 T T - > T T * 

1:9 PFB/Ar 26 46 20 6 2 

1:2.5 PFB/Ar 26 48 17 7 2 
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From t h e above comparison, i t would seem t h a t 

t h e r e i s v e r y l i t t l e d i f f e r e n c e between t h e two polymers as 

f a r as t h e f u n c t i o n a l group c o m p o s i t i o n o f t h e C^s envelope 

i s concerned. T h i s i s r e f l e c t e d i n t h e C:F s t o i c h i o m e t r i e s 

w h i c h are b o t h about 1:1. Thus i t would seem t h a t t h e com­

p o s i t i o n o f t h e plasma polymer from a p e r f l u o r o b e n z e n e / a r g o n 

plasma depends almost e n t i r e l y on the p a r t i a l p r e s s u r e o f 

p e r f l u o r o b e n z e n e i n t h e system. The excess argon i n t h e 

1:9 PFB/Ar r a t i o has caused a s l i g h t i n c r e a s e i n t h e amount 

of CF 2 w i t h a c o n c o m i t a n t decrease i n t h e amount o f CF. T h i s 

change i n c o m p o s i t i o n has most l i k e l y been caused by t h e i n ­

creased amount o f f r a g m e n t a t i o n due t o t h e h i g h e r c o n c e n t r a t i o n 

o f Ar. C o n s i d e r i n g t h a t t h e t o t a l p r e s s u r e between t h e two 

p o l y m e r i z a t i o n s has changed by a f a c t o r o f 2, i t would seem 

t h a t argon does n o t have much o f a r o l e t o p l a y i n t h e plasma 

p o l y m e r i z a t i o n o f p e r f l u o r o b e n z e n e , or t h e c o m p o s i t i o n o f t h e 

d e p o s i t e d polymer f i l m . 

From t h e p r e c e d i n g d i s c u s s i o n i t c o u l d be i n f e r r e d 

t h a t t h e two polymers formed f r o m 1:9 PFB/Ar plasmas, where 

t h e t o t a l p r e s s u r e has been changed, are d i f f e r e n t . T h i s i s 

c o r r e c t , t h e amount o f CF 2 and CF^ has decreased by 1/3 and 

2/3rds r e s p e c t i v e l y w h i l s t t h e c o n t e n t o f C-F has i n c r e a s e d 

i n t h e polymer f i l m formed a t t h e h i g h e r p r e s s u r e . I t i s 

a l s o i n t e r e s t i n g t o n o t e t h a t a t t h e h i g h e r p r e s s u r e no n i t ­

rogen was i n c o r p o r a t e d i n t o t h e polymer f i l m . T h i s may be 

a r e f l e c t i o n o f t h e s m a l l e r l e a k r a t e o f t h e vacuum system 

w i t h t h e h i g h e r p r e s s u r e . As mentioned b e f o r e , l e a k r a t e s 

were measured by l o o k i n g a t an i n c r e a s e i n t h e base vacuum 

p r e s s u r e when t h e pumping was sh u t o f f from t h e vacuum l i n e , 

and as such are n o t d i r e c t l y r e l a t e d t o t h e l e a k r a t e i n t h e 
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presence of a f i n i t e p r e s s u r e o f monomer vapour. 

The C^g envelopes from the polymer f i l m s depos­

i t e d i n the c o i l r e g i o n and i n t h e non-glow t a i l r e g i o n from 

t h e 1:9 h i g h e r p r e s s u r e r a t i o o f PFB/Ar are d i s p l a y e d i n 

F i g u r e 3.9. These s p e c t r a emphasise t h e i m p o r t a n c e of 

s p e c i f y i n g whether t h e sample was d e p o s i t e d i n t h e glow or 

non-glow r e g i o n . T h i s change i n c o m p o s i t i o n o f t h e C^s 

envelope on moving from a glow r e g i o n t o a non-glow r e g i o n 

has been noted b e f o r e i n t h e plasma p o l y m e r i z a t i o n of p e r -
39 

f l u o r o b e n z e n e . I t was a l s o r e p o r t e d t h a t t h e t o t a l F:C 

s t o i c h i o m e t r y o f t h e f i l m d e p o s i t e d i n t h e non-glow r e g i o n 

COIL' 

# 

TAIL' 
285 B.E. 295 290 

• 

295 290 285 B.E. 

FIGURE 3,9 C^ s envelopes of polymers deposited i n (a) c o i l 
r egion and (b) end of r e a c t o r (glow versus non-
glow) 1:9 PFB/Ar, T o t a l pressure = 0.4mb. 
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i n c r e a s e d when compared w i t h t he s t o i c h i o m e t r y o f the polymer 

f i l m d e p o s i t e d i n t h e glow r e g i o n i n the same d e p o s i t i o n 

experiment; t h i s i s i n concordance w i t h t h e p r e s e n t r e s u l t s . 

The C:F s t o i c h i o m e t r y i n c r e a s e s from an e s s e n t i a l l y 1:1 

polymer i n the c o i l r e g i o n t o 1:1.2 i n t h e non-glow r e g i o n . 
39 

U n l i k e t h e r e s u l t s r e p o r t e d by C l a r k and S h u t t l e w o r t h 

however, t h e sample i n the glow r e g i o n i s n o t r i c h i n CF 2 

f u n c t i o n a l i t i e s . I n f a c t , t h e percentage i n t e n s i t y o f t h e 

CF 2 component peak i s o n l y h a l f o f t h e v a l u e o f t h a t i n t h e 

C, envelope o f t h e polymer d e p o s i t e d i n t h e c o i l r e g i o n . 

I t s h o u l d be noted t h a t t h e c o n d i t i o n s employed, power, p r e s s ­

ure and t i m e , f o r t h e p r e s e n t s t u d y a r e a l l d i f f e r e n t t o those 
39 

used i n t h e p r e v i o u s l y mentioned p u b l i c a t i o n , so no 

d i r e c t c o r r e l a t i o n can be a t t e m p t e d . 

The e x t e n t o f extraneous h y d r o c a r b o n i n t h e 

polymer formed i n t h e non-glow r e g i o n i s much h i g h e r t h a n 

t h a t i n t h e c o r r e s p o n d i n g sample from t h e c o i l r e g i o n . Due 

t o t h e much t h i n n e r n a t u r e o f t h e f i l m formed a t t h e end o f 

the r e a c t o r , s i g n a l s o r i g i n a t i n g f r o m t h e hy d r o c a r b o n on t h e 

s u r f a c e o f t h e s u b s t r a t e w i l l a l s o c o n t r i b u t e t o t h e C. 
I s 

envelope o f t h e polymer f i l m . I n d i c a t i o n s o f t h e ' t h i n 1 

n a t u r e o f t h e f i l m are a l s o seen i n t h e F, co r e l e v e l , where 

two f l u o r i n e e nvironments are ap p a r e n t . As i t has been 

suggested b e f o r e , t he s i g n a l f o r t h e lower b i n d i n g energy com­

ponent peak a r i s e s f r o m f l u o r i n e a t t h e s u b s t r a t e / p o l y m e r i n t e r ­

f a c e and i n d i c a t e s an i n t e r a c t i o n o f t h e adsorbed p e r f l u o r o -

benzene - see Chapter Seven. I n t h e p r e s e n t sample 18% o f 

th e t o t a l F^ g s i g n a l i s a s s o c i a t e d w i t h t h e h i g h e r k i n e t i c 

energy peak, i n d i c a t i n g a f i l m t h i c k n e s s o f ^12 A*. 
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As i t has been p r e v i o u s l y r e p o r t e d , t h e depos­

i t i o n r a t e i n a plasma p o l y m e r i z a t i o n e x p e r i m e n t i s f a s t e s t 

i n t h e c o i l r e g i o n . T h i s i s borne out i n the p r e s e n t s t u d y 

by t h e appearance of t h e A ^ 2 p s i < ? n a - ' - i n a n ESCA s t u d y of 

the plasma polymer d e p o s i t e d i n t h e non-glow t a i l r e g i o n -

t h i s s i g n a l i s n o t v i s i b l e i n the sample d e p o s i t e d i n t h e c o i l 

r e g i o n . 

3.3.7 1:1 R a t i o o f PFB/Ar - T o t a l p r e s s u r e of 0.4mb 

The c o n c l u d i n g e x p e r i m e n t on t h e e f f e c t s of argon 

on t h e plasma p o l y m e r i z a t i o n of p e r f l u o r o b e n z e n e i n v o l v e d a 

1:1 PFB/Ar r a t i o u s i n g a t o t a l p r e s s u r e of 0.4mb. The p e r ­

c e n t a g e c o m p o s i t i o n of the component peaks of t h e C, e n v e l o p e 
-L 5 

from t h e sample d e p o s i t e d i n t h e c o i l r e g i o n a r e shown i n 

T a b l e 3.3. 

TABLE 3.3 P e r c e n t a g e a r e a s of t h e component peaks o f t h e C, e n v e l o p e s f o r polymers d e r i v e d from l t l PFB/Ar 
r a t i o s and pure p e r f l u o r o b e n z e n e ( T o t a l p r e s s u r e 
of t h e s y s t e m i s g i v e n i n b r a c k e t s ) 

Component Peak C-CF CF ( t o t a l ) C F 2 C F 3 T T + T T * 

1:1 PFB/Ar (0.4mb) 

1:1 PFB/Ar (0.2mb) 

PFB (0.2mb) 

29 49 14 6 2 

25 50 16 7 2 

31 52 9 5 3 

The major d i f f e r e n c e between t h e 1:1 PFB/Ar 

d e r i v e d polymer and t h e polymer from pure p e r f l u o r o b e n z e n e 

where the p r e s s u r e s o f PFB a r e the same i n both e x p e r i m e n t s , 

i s i n t h e amount of C F 2 . From T a b l e 3.3, i t can be s e e n 

t h a t the amount of C F 2 i n bo t h of t h e 1:1 PFB/Ar d e r i v e d 

polymers i s h i g h . I n a co m p a r i s o n of t h e polymers d e r i v e d 
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from d i f f e r i n g PFB/Ar r a t i o s and pure p e r f l u o r o b e n z e n e 

plasmas i n the p r e v i o u s s e c t i o n s , the polymer f i l m s w h i c h 

b e a r the c l o s e s t r e s e m b l a n c e - as f a r as t h e p e r c e n t a g e 

c o m p o s i t i o n of t h e C ^ s i s c o n c e r n e d - a r e t h o s e f i l m s p r o ­

duced from t h e same t o t a l / p a r t i a l p r e s s u r e of PFB. I n t h i s 

i n s t a n c e , however, t h e amount of f o r m a t i o n i s much 

g r e a t e r i n the 1:1 PFB/Ar plasma polymer formed w i t h a t o t a l 

e x p e r i m e n t a l p r e s s u r e of 0.4mb t h a n i n t h e pure p e r f l u o r o ­

benzene d e r i v e d polymer u s i n g t h e same p a r t i a l p r e s s u r e , i.e. 

0.2mb - s e e T a b l e 3.3. R a t h e r t h a n b e i n g an e f f e c t a r i s i n g 

s o l e l y from t h e argon, i t i s more l i k e l y t h a t t h e t o t a l p r e s s ­

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

r e s u l t e d i n much more f r a g m e n t a t i o n i n t h e gas phase and 

c o l l i s i o n s w i t h t h e s u b s t r a t e s u r f a c e , c a u s e d by both o r g a n i c -

o r g a n i c and o r g a n i c - i n e r t gas c o l l i s i o n s . T h i s i s echoed by 

the f a c t t h a t t h e plasma was v e r y d i f f i c u l t t o s u s t a i n and 

b a l a n c e . As an i n t e r e s t i n g f e a t u r e t h e amount o f p r o ­

duced i n p e r f l u o r o b e n z e n e d e r i v e d p l a s m a p o l y m e r s a c t u a l l y 

d e c r e a s e s on g o i n g from O.lmb t o 0.2mb, from 15 t o 9% . T h i s 

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

m a i n l y from t h e p r e s e n c e of argon. I n f a c t , t h e i n c r e a s e d 

p r e s s u r e of pu r e p e r f l u o r o b e n z e n e would seem t o r e s u l t i n a 

polymer w h i c h c o n t a i n s more C-CF and CF groups t h a n CF2 and 

CF^ f u n c t i o n a l i t i e s , and has a g r e a t e r d e g r e e of u n s a t u r a t i o n , 

when compared w i t h t h e polymer produced from t h e low e r t o t a l 

p r e s s u r e (O.lmb) o f PFB. However, i n t h e p r e s e n t c a s e , t h e 

polymer was d e r i v e d from a PFB/Ar r a t i o of 1:1 whose t o t a l 

p r e s s u r e was 0.4mb, i.e. d o u b l e t h a t of t h e pure perfluorobenzene 

p l a s m a . No c o n c l u s i v e s t a t e m e n t s about t h e p r e s e n c e o f 

argon, when u s i n g a t o t a l p r e s s u r e of 0.4mb can be made s i n c e 
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a polymer from 0.4mb pure p e r f l u o r o b e n z e n e was n o t examined. 

The F, c o r e l e v e l i n t h e polymer d e r i v e d from I s 
a 1:1 PFB/Ar r a t i o a t a t o t a l p r e s s u r e of 0.4mb a l s o d i s ­

p l a y s a T T + T T * shake-up s a t e l l i t e , a s does t h e c o r r e s p o n d i n g 

polymer produced by r e d u c i n g the t o t a l p r e s s u r e t o 0.2mb. 

The F:C s t o i c h i o m e t r y of 0.92:1 i n d i c a t e s t h a t a c e r t a i n amount 

of f l u o r i n e e l i m i n a t i o n has t a k e n p l a c e d u r i n g p o l y m e r i z a t i o n , 

or i n t h e f o r m a t i o n o f the p r e c u r s o r s t o p o l y m e r i z a t i o n . T h i s 

i s i n agreement* w i t h t h e s t u d y c a r r i e d out by i n c r e a s i n g t h e 

t o t a l p r e s s u r e of t h e PFB/Ar f e e d t o the plasma where t h e 

p a r t i a l p r e s s u r e of PFB was k e p t c o n s t a n t ( S e c t i o n 3 . 3 . 4 ) , 

i.e. an i n c r e a s e d t o t a l p r e s s u r e l e d t o a plasm a polymer whose 

f l u o r i n e c o n t e n t had d e c r e a s e d . 

3.3.8 Plasma P o l y m e r i z a t i o n of P F B / I 2 

F o l l o w i n g t h e r e p o r t t h a t i o d o n a t e d p o l y s t y r e n e 

shows a g r e a t e r r e s i s t a n c e t o an oxygen plasma due t o the 

f o r m a t i o n of i o d i n e o x i d e s i n t h e s u r f a c e o f t h e polymer 
40 

upon e t c h i n g , i t was d e c i d e d to. i n v e s t i g a t e t h e b e h a v i o u r 
of p e r f l u o r o b e n z e n e and i o d i n e i n a plasma. I o d i n e i s a l s o 

41 

known t o be a f r e e r a d i c a l ' s c a v e n g e r ' and t h e p r e s e n c e of 

i o d i n e i n t h e PFB pl a s m a may r e s u l t i n a polymer whose depos­

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

r a d i c a l s a r e i m p o r t a n t i n t h e p r o c e s s e s l e a d i n g t o d e p o s i t i o n . 
The r e l e v a n t C, , F n and I , , c o r e l e v e l s p e c t r a 

i s i s j a 5 / 2 

from t h e r e s u l t a n t polymer formed i n t h e c o i l r e g i o n a r e shown 

i n F i g u r e 3.10. I t i s c l e a r from t h e C^ g e n v e l o p e t h a t t h e 

e x t e n s i v e m o l e c u l a r r e a r r a n g e m e n t a s s o c i a t e d w i t h a p e r f l u o r o -

a r o m a t i c plasma has s t i l l t a k e n p l a c e t o produce C-CF, CF, 
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PFB/I A 
x 2 2 x V 

295 290 285 695 690 

BINDING ENERGIES / eV 

x 1 3 

625 620 

FIGURE 3.10 T y p i c a l core l e v e l s p e c t r a f o r plasma polymerized 
per f1uoroben z ene/i odine 

CF-CF , CF_, CF- and T T - + T T * shake-up s a t e l l i t e environments — n c i 

a t 286.6, 288.4, 289.7, 291.3, 293.7 and 295.7eV r e s p e c t i v e l y . 

There i s a l s o a g r e a t e r step f u n c t i o n a s s o c i a t e d with the 

C l s core l e v e l of the copolymer compared with t h a t from a 

pure perfluorobenzene plasma polymer (Figure 2.3). This would 

tend to i n d i c a t e a grea t e r degree of long range u n s a t u r a t i o n 

present i n the copolymer. From a comparison of the percentage 

i n t e n s i t i e s of the component peaks"*" of the C^ s envelopes from 

^ The percentage i n t e n s i t i e s shown i n Table 3.3 have been 
c o r r e c t e d f o r hydrocarbon contamination. A mention of the f a c t 
t h a t the amount of CH i n the copolymer i s approximately twice 
t h a t i n the pure PFB polymer (23 of 12% i n the raw data) i s made. 
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the two p o l y m e r s - T a b l e 3.3 - i t i s a p p a r e n t t h a t the 

r e l a t i v e c o n c e n t r a t i o n s of t h e component peaks has changed. 

TABLE 3.3 P e r c e n t a g e i n t e n s i t i e s of t h e component peaks of 
the C, e n v e l o p e s from polymers d e r i v e d from 

A. S 
P F B / I 9 and PFB plasmas (6w 0.lmb 10 min) 

C-CF CF CF-CF 
n 

CF ^ 2 C F 3 T T + T I * 

P F B / I 2 40 34 8 11 6 1 

PFB 28 32 17 16 6 1 

The dominant peak i n the PFB/I^ copolymer i s no 

l o n g e r t h a t due t o CF, as i n t h e pure PFB polymer, but from 

the C-CF component f u n c t i o n a l i t y . The amount of CF-CF n has 

a l s o been d e c r e a s e d by a f a c t o r of 2. The r e d u c t i o n i n t h e 

CF-CF ncomponent i s noted i n C h a p t e r s F o u r , F i v e and S i x on 

the c o p o l y m e r i z a t i o n of p e r f l u o r o b e n z e n e w i t h v a r i o u s o t h e r 

monomers, a s i s the r e d u c t i o n i n t h e amount of CF2. 

The amount of IT-+TI* shake-up would appear t o be 

c o n s t a n t i n both polymer f i l m s . However, t h e r e i s no r e a l 

e v i d e n c e f o r a T T ^ - T T * shake-up s a t e l l i t e accompanying the main 

p h o t o i o n i s a t i o n peak o f the F ^ g c o r e l e v e l i n t h e copolymer 

u n l i k e t h e s i t u a t i o n i n t he p u r e polymer. The F:C s t o i c h i o -

metry o f t h e copolymer r e v e a l s t h a t a c e r t a i n amount of f l u o r ­

i n e e l i m i n a t i o n h a s t a k e n p l a c e t o produce a copolymer whose 

F:C r a t i o i s 0.7:1. T h i s i s i n c o n t r a s t t o t h e plasma polymer 

of p u re p e r f l u o r o b e n z e n e w h i c h r e t a i n s t h e s t o i c h i o m e t r y o f 

the s t a r t i n g monomer, i.e- 1:1. The l o s s of f l u o r i n e from 

the c opolymer would seem t o be a s s o c i a t e d w i t h CF-CF n and CF^ 

f u n c t i o n a l i t i e s . 

A l t h o u g h d e p o s i t i o n r a t e s o f e i t h e r t h e copolymer 

or homopolymer were n o t m o n i t o r e d , t h e r e was a v i s i b l e de-
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d e c r e a s e i n t h e r a t e of polymer f o r m a t i o n i n the copolymer-

i z a t i o n e x p e r i m e n t as d e t e r m i n e d by the v i s i b l e amount of 

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

minute plasma, a l t h o u g h the aluminium s u b s t r a t e was s t i l l not 

v i s i b l e by ESCA. 

The I . . , c o r e l e v e l a t a b i n d i n g e n e r g y of 
i d 5 / 2 

622eV g i v e s an /C, peak a r e a r a t i o o f 1 ( t h e i o d i n e 
5/2 ' 42 s i g n a l a p p e a r s as a d o u b l e t due t o s p i n - o r b i t c o u p l i n g ) . 

From the b i n d i n g energy of t h i s peak t h e p r e s e n c e of i o d i d e 

r a t h e r t h a n o x ygenated s p e c i e s i s s u g g e s t e d . T h i s i s c o l l a ­

b o r a t e d by t h e amount of oxygen i n c o r p o r a t i o n i n t o the c o ­

polymer w h i c h i s o n l y v e r y s m a l l g i v i n g a 0:C s t o i c h i o m e t r y 

o f 0.02:1. T h i s i s e q u i v a l e n t t o the amount of oxygen i n 

t h e p ure PFB plasma polymer. 

The p r e s e n c e of i o d i n e i n an oxygen plasma has 
43 

been found t o i n h i b i t t h e s u r f a c e o x i d a t i o n o f p o l y e t h y l e n e . 

T h i s seems t o o c c u r via the f o r m a t i o n o f l o o s e l y bound i o d i n e 

o x i d e s on t h e s u r f a c e of t h e polymer w h i c h p r e v e n t s t h e p o l y ­

e t h y l e n e b e i n g o x i d i z e d . T h i s s u r f a c e l a y e r was r e a d i l y r e ­

moved by w a s h i n g w i t h s o l v e n t l e a v i n g b e h i n d a r e l a t i v e l y un-

o x i d i z e d s u r f a c e . 

Due t o t h i s p r o t e c t i v e e f f e c t o f i o d i n e i n an 

oxygen plasma on t h e s u r f a c e of p o l y m e r s i o d o n a t e d compounds 

have a l s o been found t o make a good b i l a y e r p h o t o r e s i s t 

d e v e l o p a b l e by oxygen plasma etching.^° 
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3.4 C o n c l u s i o n 

The plasma p o l y m e r i z a t i o n of 1 f l u o r o n a p h t h a l e n e i n 

the p r e s e n c e of hydrogen r e s u l t e d i n an uptake of hydrogen 

i n t o t h e plasma polymer. With an i n c r e a s i n g amount of 

hydrogen u p t a k e , the asymmetry a s s o c i a t e d w i t h t h e C, 

e n v e l o p e d e c r e a s e d d e m o n s t r a t i n g the d e c r e a s i n g amount of 

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

a t i o n of hydrogen i n t o the polymer was accompanied by an 

i n c r e a s i n g amount of f l u o r i n e e l i m i n a t i o n , a l t h o u g h even 

w i t h a h i g h i n c o r p o r a t i o n of hydrogen not a l l of t h e f l u o r i n e 

was e l i m i n a t e d . T h e s e r e s u l t s t e n t a t i v e l y s u g g e s t t h a t t h e 

l e v e l of u n s a t u r a t i o n i n a plasma polymer may be c o n t r o l l e d 

by v a r i a t i o n o f t h e p a r t i a l p r e s s u r e of hydrogen i n t h e 

s t a r t i n g m i x t u r e . A s s o c i a t e d w i t h hydrogen i n c o r p o r a t i o n , 

was t h e a p p e a r a n c e of a new peak i n the v a l e n c e band s p e c t r u m 

of t h e 1 f l u o r o n a p h t h a l e n e / h y d r o g e n copolymer. 

Pol y m e r s produced by t h e plasma p o l y m e r i z a t i o n of p e r -

f l u o r o b e n z e n e i n t h e p r e s e n c e of argon, under d i f f e r e n t 

conditions of p a r t i a l p r e s s u r e s and t o t a l p r e s s u r e s , showed 

c o m p o s i t i o n a l r e s e m b l a n c e s t o t h e polymers produced from pure 

p e r f l u o r o b e n z e n e , e s p e c i a l l y when t h e t o t a l p r e s s u r e o f t h e 

PFB/Ar s y s t e m was not too h i g h . T h i s i n d i c a t e s t h a t argon 

has v e r y l i t t l e e f f e c t on t h e s u r f a c e c o m p o s i t i o n of t h e p e r -

f l u o r o b e n z e n e d e r i v e d plasma polymers formed i n t h e p r e s e n c e 

of argon. The main e f f e c t would appear t o be t h e amount of 

f r a g m e n t a t i o n , a s s e e n i n t h e i n c r e a s e d amount o f CF2 and 

CF^ f u n c t i o n a l g r oups, when t h e Ar:PFB r a t i o i s i n e x c e s s of 

3:1. T h i s may a r i s e from an i n c r e a s e d amount of c o l l i s i o n s 

between PFB, and PFB d e r i v e d s p e c i e s , w i t h Ar i n t h e gas 

phase and a l s o p h y s i c a l s p u t t e r i n g of t he growing polymer 
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f i l m by argon/argon i o n bombardment. The c o m p o s i t i o n of 

1:1 PFB/Ar d e r i v e d polymer f i l m s - where t h e t o t a l s y s t e m 

p r e s s u r e s; 0.2mb - was i d e n t i c a l t o the polymer f i l m p r o ­

duced from pure p e r f l u o r o b e n z e n e , where t h e p r e s s u r e of PFB 

was i d e n t i c a l t o t h e p a r t i a l p r e s s u r e of PFB i n the p r e s e n c e 

of argon. 

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

p e r f l u o r o b e n z e n e r e s u l t e d i n the i n c o r p o r a t i o n of a s m a l l 

amount of i o d i n e i n t o t h e polymer f i l m . The f l u o r i n e t o 

car b o n s t o i c h i o m e t r y o f the copolymer f i l m was no l o n g e r 

1:1, a s i n a pure PFB f i l m . F l u o r i n e e l i m i n a t i o n had t a k e n 

p l a c e t o g i v e an a t o m i c r a t i o of C ^ : F Q ^. The d e p o s i t i o n 

r a t e of t h e copolymer v i s i b l y d e c r e a s e d a l t h o u g h was s t i l l 

s u f f i c i e n t l y f a s t enough t o c o v e r t h e aluminium s u c h t h a t 

t h e s u b s t r a t e was n o t d e t e c t e d by ESCA. The c o m p o s i t i o n 

o f t h e copolymer was a l s o d i f f e r e n t from t h a t o f t h e homo-

polymer. The predominant peak i n the C^ g e n v e l o p e no l o n g e r 

a r o s e from C-F f u n c t i o n a l i t i e s as i n t h e PFB homopolymer b u t 

was due t o C-CF f u n c t i o n a l i t i e s . The amount o f C F - C F n was 

h a l v e d i n t h e copolymer. 
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4.1 I n t r o d u c t i o n 

M e t a l I n c o r p o r a t i o n i n t o Plasma Polymers 

V a r i o u s methods have been used f o r d i s p e r s i n g m e t a l s 

i n t o c o n v e n t i o n a l p o l y m e r i c s y s t e m s , s u c h a s c o e v a p o r a t i v e 
1 2 t e c h n i q u e s , s o l u t i o n growth t e c h n i q u e s and i o n i m p l a n t -

3 

a t i o n . The s y n t h e s i s of o r g a n o m e t a l l i c f i l m s produced by 

plasma p o l y m e r i z a t i o n t e c h n i q u e s i s an a t t r a c t i v e p r o s p e c t . 

By a c a r e f u l c h o i c e of the s t a r t i n g monomer/monomers and 

c l o s e c o n t r o l of t h e p r o c e s s i n g p a r a m e t e r s and t h u s of t he 

o v e r a l l c o m p o s i t i o n of t h e p r o d u c t , t h e scope of plasma p o l y ­

m e r i z e d f i l m s i n e l e c t r i c a l , m a g n e t i c and o p t i c a l a p p l i c a t i o n 

can be e x t e n d e d . As examples, v a r y i n g t h e m e t a l c o n t e n t i n 

t h e plasma polymer, s u b s t a n t i a l changes i n c o n d u c t i v i t y were 
U 

seen t o o c c u r i n a t i n c o n t a i n i n g f i l m w h i l s t e l e c t r i c a l r e ­

s i s t i v i t y has been changed by a l t e r i n g t h e amount of g o l d i n 
5 

a f l u o r o c a r b o n p l a s m a polymer. 

The i n t r o d u c t i o n o f m e t a l i n t o plasma p o l y m e r s has been 

i n t e n s i v e l y s t u d i e d o v e r t h e l a s t few y e a r s by numerous 

w o r k e r s . The mode o f i n c o r p o r a t i o n o f t h e m e t a l i n t o t h e 

growing polymer f i l m h a s been approached from s e v e r a l d i r e c t i o n s . 

T h e s e a r e (a) t h e plasma p o l y m e r i z a t i o n of an o r g a n o m e t a l l i c 

s t a r t i n g m a t e r i a l on i t s own o r c o p o l y m e r i z e d w i t h a s e c o n d 
7 

( o r g a n i c ) compound, (b) the e t c h i n g o f a m e t a l s u b s t r a t e 

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

r e a c t o r s y s t e m , and ( c ) the s i m u l t a n e o u s e v a p o r a t i o n o f a 
9 

m e t a l and p o l y m e r i s a t i o n of an o r g a n i c m a t e r i a l . A f o u r t h 

method i n v o l v e s t h e i o n i m p l a n t a t i o n o f m e t a l s ^ - 0 a l t h o u g h t h i s 

method d i f f e r s from t h e o t h e r t h r e e s i n c e , i n c o n t r a s t , t h e 

m e t a l i s i n c o r p o r a t e d h e r e i n t o an a l r e a d y formed polymer 
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r a t h e r t h a n i n t o a growing f i l m . 

The e v a p o r a t i o n of a metal i n t o a growing polymer 

f i l m has been a t t e m p t e d by S t e v e J o h n s o n , ^ A molybdenum 

f i l a m e n t r e s i s t i v e h e a t e r was used as t h e m e t a l e v a p o r a t i o n 

u n i t i n the hope of i n c o r p o r a t i n g chromium i n t o a PFB plasma 

polymer. T h i s was u n s u c c e s s f u l , but ESCA d i d r e v e a l t h e 

p r e s e n c e of molybdenum i n the form of m e t a l (V/VI) o x i d e s 

i n t h e polymer. The i n c o r p o r a t i o n of Mo o x i d e s p r o c e e d e d 

i n d e p e n d e n t l y a f polymer d e p o s i t i o n r e p r e s e n t i n g c o d e p o s i t i o n 

r a t h e r t h a n c o p o l y m e r i z a t i o n . The C ^ s e n v e l o p e of the PFB 

d e r i v e d polymer was n o t p e r t u r b e d nor were t h e r e any organo-

rnetal bonds formed. 

F u r t h e r s t u d i e s i n d i c a t e d t h a t f i l a m e n t t e m p e r a t u r e s 

o b t a i n e d were i n s u f f i c i e n t t o c a u s e s i g n i f i c a n t e v a p o r a t i o n 

of t h e f i l a m e n t . Thus t h e p o s s i b i l i t y of i n c l u d i n g Mo m e t a l 

which was s u b s e q u e n t l y o x i d i z e d on e x p o s u r e t o a i r , was e l i m ­

i n a t e d . M e t a l o x i d a t i o n i s r e p o r t e d t o be a f e a t u r e of 
12 

t e t r a m e t h y l g e r m a n i u m plasma p o l y m e r s . The i n c o r p o r a t i o n of 

Mo was thought t o be due t o d i r e c t s u b l i m a t i o n of MoO^ from 

t h e f i l a m e n t . 
T i n has been v a p o r i s e d i n t o a c a p a c i t i v e l y c o u p l e d benzene 
9a 

plasma t o g i v e s p e c t r a , u s i n g Mossbauer s p e c t r o s c o p y , v e r y 

l i k e t h o s e of o r g a n o t i n compounds. Both bismuth and t e l l u r i u m 

have been e v a p o r a t e d i n t o a c arbon d i s u l p h i d e plasma, where 

i t was s u g g e s t e d t h a t I R measurements i n d i c a t e d some i n t e r a c t i o n 
6 d 

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

The u s e of s i m u l t a n e o u s m e t a l e t c h i n g / s p u t t e r i n g and 

plasma p o l y m e r i z a t i o n has been e x t e n s i v e l y s t u d i e d by Kay 
g 

et at as a means of i n c o r p o r a t i n g m e t a l s i n t o f l u o r o c a r b o n 

p o l y m e r s . The use of f l u o r o c a r b o n plasmas i s based h e r e on 
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the two a n t o g a n i s t i c p r o c e s s e s , i.e. e t c h i n g and polymer­

i z a t i o n which o c c u r i n the plasma and a r e i n c o m p e t i t i o n 

a t the s u r f a c e s p r e s e n t . Gold, c o b a l t , aluminium, germanium 

molybdenum and copper i n c o r p o r a t i o n , i n t o f l u o r o c a r b o n p o l y ­

mer's, e i t h e r as e l e m e n t a l m e t a l d i s p e r s e d i n the h i g h l y c r o s s 

l i n k e d network o r as bound m e t a l - e i t h e r t o c a r b o n , f l u o r i n e 
g 

or oxygen - have a l l been s t u d i e d . 

The i n c o r p o r a t i o n of t i n via s p u t t e r i n g w i t h an a rgon 

plasma w h i l s t i n t r o d u c i n g an o r g a n i c vapour e l s e w h e r e i n t o 

the r e a c t o r has a l s o been s t u d i e d . With e t h y l e n e , the t i n 

was p r e s e n t as m e t a l o x i d e , no e l e m e n t a l m e t a l b e i n g found, 

w h i l s t i n the p r e s e n c e of t e t r a f l u o r o e t h y l e n e t i n was p r e -
13 

s e n t m a i n l y as o x y f l u o r i d e s p e c i e s . 

An amorphous p h o t o s e n s i t i v e d e v i c e has been p r e p a r e d i n 

a c a p a c i t i v e l y c o u p l e d s y s t e m by o b t a i n i n g an a l l o y w i t h t h e 

d e s i r a b l e e l e c t r i c a l p r o p e r t i e s through t h e plasma polymer­

i z a t i o n o f a f l u o r o c a r b o n gas plasma and the s i m u l t a n e o u s 

i n c o r p o r a t i o n of S i , Ge, Sn o r Pb from e t c h i n g of t h e c a t h o d e 

i n t o t h e growing polymer. ^ 

O p t i c a l e m i s s i o n has a l s o been used t o m o n i t o r t h e 

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

polymer."*"^ I t was s u g g e s t e d t h a t the e x t e n t of m e t a l i n c o r ­

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

s i t i e s of t h e A u + and C F ^ + s i g n a l s e m i t t e d by t h e plasma, a 

r a t i o of t h e s e two v a l u e s g i v i n g a h a n d l e on the e x t e n t o f 

m e t a l i n c o r p o r a t i o n i n t o the plasma polymer f i l m . ^ 

F o r an i n i t i a l i n v e s t i g a t i o n of s t r u c t u r e and bonding 

i n m e t a l c o n t a i n i n g plasma p o l y m e r s , by ESCA, a mercury 
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p e r f l u o r o b e n z e n e s y s t e m was chosen f o r two main r e a s o n s . 

F i r s t l y , mercury i s a r e l a t i v e l y v o l a t i l e l i q u i d and can 

be e a s i l y d i s t i l l e d through a low p r e s s u r e s y s t e m , t h u s 

p r e s e n t i n g a f a c i l e method f o r the m i x i n g of a m e t a l and 

o r g a n i c compound i n the gas phase of a h i g h f r e q u e n c y d i s ­

c h a r g e . The e x t e n s i v e knowledge of p e r f l u o r o b e n z e n e p l a s m a 

polymers a l r e a d y i n t h e l i t e r a t u r e 1 ^ i s the s e c o n d r e a s o n 

f o r c h o o s i n g t o s t u d y t h e above s y s t e m . T h i s c h a p t e r , 

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

a t i o n of mercury i n t o plasma p o l y m e r i s e d p e r f l u o r o b e n z e n e 

as f u n c t i o n s of d i s t i l l a t i o n t e m p e r a t u r e , power and s u b s t r a t e 

t e m p e r a t u r e . 

4.2 E x p e r i m e n t a l 

The e x p e r i m e n t a l d e t a i l s a r e e s s e n t i a l l y t h o s e of 

C h a p t e r Two, but w i t h t h e f o l l o w i n g v a r i a t i o n . Due t o 

problems w i t h r e t a i n i n g the i n t e g r i t y of t h e polymer f i l m s 

a f t e r p r e p a r a t i o n , samples were t r a n s p o r t e d t o t h e s p e c t r o ­

meter under a b l a n k e t of n i t r o g e n . As p r e v i o u s l y mentioned, 

a l l f i l m s were a n a l y s e d a l m o s t i m m e d i a t e l y a f t e r p r e p a r a t i o n . 

A n g u l a r dependence s t u d i e s , c a r r i e d out by v a r y i n g t h e e l e c t ­

ron t a k e - o f f a n g l e , r e v e a l e d t h e f i l m s t o be v e r t i c a l l y homo­

geneous, s o the r e s u l t s r e p o r t e d below a r e t h o s e o b t a i n e d 

u s i n g an e l e c t r o n t a k e - o f f a n g l e of 35°. 

The mercury us e d had been p u r i f i e d by t r i p l e d i s t i l l a t i o n , 

and p e r f l u o r o b e n z e n e was shown t o be a n a l y t i c a l l y pure by GLC. 

The g o l d s u b s t r a t e s were c l e a n e d p r i o r t o d e p o s i t i o n by 

a t h r e e - s t e p p r o c e d u r e ; f i r s t l y , p o l i s h e d u s i n g ' B r a s s o ' t h e n 



f l a m e h e a t e d u n t i l r e d h o t and f i n a l l y c l e a n e d w i t h AR 

hexane t o remove any g r e a s e f r o m t h e s u r f a c e . S u b s t r a t e s , 

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

r e a c t o r i n a g l a s s s l i d e i n t h e c o i l r e g i o n . The e x p e r i ­

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

m e r c u r y i s shown i n F i g u r e 4.1 

Monomer 
vapour inlet system 

Heat 
To cold trap and 
rotary pump 

FIGURE 4.1 E x p e r i m e n t a l c o n f i g u r a t i o n of r e a c t o r and 
p o s i t i o n o f mercury 

4 . 3 R e s u l t s and D i s c u s s i o n 

4.3.1 M e t a l i n c o r p o r a t i o n as a f u n c t i o n of 
d i s t i l l a t i o n t e m p e r a t u r e 

I . F u l l Glow 

As a s t a r t i n g p o i n t t o t h e d i s c u s s i o n on mercury 

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

o b t a i n e d f r o m a t y p i c a l e x p e r i m e n t . 

The C, , F, , 0, and Fa c o r e l e ^ e l s p e c t r a I s I s I s J 4 f L 

f o r a f i l m o b t a i n e d f r o m a 0.1 mbar, 5W p e r f l u o r o b e n z e n e 

m e r c u r y p l a s m a ( d i s t i l l a t i o n t e m p e r a t u r e 80°C) a r e d i s p l a y e d 

i n F i g u r e 4.2. The C, l e v e l c o n s i s t s o f c o n t r i b u t i o n s 
I s 

a r i s i n g f r o m a v a r i e t y o f c o m p o n e n t s . An e x a m p l e o f t h e 

peak f i t t h a t i s o b t a i n e d f r o m a k n o w l e d g e o f b i n d i n g e n e r ­

g i e s and t h e f u l l w i d t h a t h a l f maximum i s a l s o shown i n 

F i g u r e 4.2. Peaks c e n t r e d a t 285, 286.6, 288.3, 289.5, 291.2, 

293.3, 295.2 eV a r e due t o C-H, C-CF , C-F, CF-CF , CF„, 
— ' — n — — n 2 

* 17 CF^ and T T + T T s h a k e - u p s a t e l l i t e e n v i r o n m e n t s r e s p e c t i v e l y . 

The p r e s e n c e o f h y d r o c a r b o n i s due t o e x t r a n e o u s c o n t a m i n ­

a t i o n as i n d i c a t e d by t h e i n c r e a s e i n i n t e n s i t y on g o i n g t o 

a h i g h e r e l e c t r o n t a k e - o f f a n g l e . The o v e r a l l shape and 

c o n t r i b u t i o n s o f t h e component p e a k s t o t h e e n v e l o p e a r e 

s i m i l a r t o t h o s e p r e v i o u s l y r e p o r t e d " * " ^ and i n d i c a t e t h a t t h e 

p r e s e n c e o f m e r c u r y i n t h e p l a s m a does n o t o b s e r v a b l y p e r ­

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

f i l m . The p r e s e n c e o f CF 2 and CF^ s t r u c t u r a l f e a t u r e s i n 
16 

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

I n d e e d c o m p a r i s o n o f t h e F:C s t o i c h i o m e t r y i n t h e s t a r t i n g 

"monomer" and i n t h e p l a s m a p o l y m e r r e v e a l s t h a t t h e f l u o r i n e 

c o n t e n t o f b o t h i s s i m i l a r . As has been p r e v i o u s l y r e p o r t e d 

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

mechanisms i n v o l v e m a i n l y r e a r r a n g e m e n t p r o c e s s e s ^ r a t h e r 

t h a n e l i m i n a t i o n as i s t h e case i n t h e p l a s m a p o l y m e r i s a t i o n 
17 

o f t h e d i f l u o r o e t h y l e n e s . 
The Hg^£ l e v e l r e v e a l s t w o peaks a t 106.25 and 
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102.25 eV. These c o r r e s p o n d t o t h e Hg. f and H g . f 

~ 4 5/2 7/2 
due t o t h e H g ^ l e v e l u n d e r g o i n g s p i n o r b i t s p l i t t i n g , t h i s 

i s d i s c u s s e d i n g r e a t e r d e t a i l i n C h a p t e r F i v e . The b i n d i n g 

e n e r g y o f t h e s e l e v e l s i s ̂ 3 eV h i g h e r t h a n t h a t e x p e c t e d f o r 
18 

p u r e m e r c u r y . I t i s u n l i k e l y t h a t t h e s e p e a k s a r e due t o 

an o x i d e as t h e o x y g e n c o n t e n t o f t h e f i l m i s l o w ( C ^ t O ^ ) 

and c o u p l e d w i t h t h i s , a mass s p e c t r o m e t r y s t u d y o f t h e 

p y r o l y s i s p r o d u c t s o f t h i s f i l m r e v e a l e d peaks a t 367, 534 

and 7 0 1 mass u n i t s i n d i c a t i v e o f m e r c u r y b o n ded t o (C^F^) 

g r o u p s . We f e e l t h a t t h e d a t a above s u g g e s t t h a t t h e mer­

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

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

m a t r i x . The l a t t e r a p p e a r s t o be a f e a t u r e o f t h e p l a s m a 
19 20 

p o l y m e r i s a t i o n o f t e t r a m e t h y l t i n ' and t e t r a m e t h y l g e r m a n i u m . 

The p r e s e n c e o f a s m a l l o x y g e n peak i n t h e ESCA 

s p e c t r a i s n o r m a l l y o b s e r v e d i n p l a s m a p o l y m e r s and may a r i s e 

f o r i n s t a n c e f r o m t h e e t c h i n g o f t h e g l a s s w a l l s o f t h e r e ­

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

w i t h o x y g e n a f t e r r e m o v a l f r o m t h e vacuum l i n e . 

I n i t i a l s t u d i e s on t h e e x t e n t o f m e r c u r y i n c o r ­

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

a minimum t e m p e r a t u r e o f 40°C was r e q u i r e d f o r m e t a l i n t r o ­

d u c t i o n and t h a t a maximum was o b s e r v e d a t 60°C and a b o v e , 

( F i g u r e 4 . 6 ) . T h i s maximum c o r r e s p o n d e d t o Hg:C s t o i c h i o -

m e t r y o f ^ 0 . 0 4 . However, on r e p e a t i n g t h e e x p e r i m e n t s i t 

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

e s s e n t i a l l y c o n s t a n t a t a l l t e m p e r a t u r e s b e t w e e n a m b i e n t and 

190°C as i n d i c a t e d i n F i g u r e 4.3. E x a m i n a t i o n o f t h e m e r c u r y 

d i s t i l l a t i o n r e g i o n o f t h e r e a c t o r ( F i g u r e 4.1) r e v e a l e d t h a t 

m e r c u r y had d e p o s i t e d i n t h e t u b e l e a d i n g t o t h e c o i l r e g i o n 
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s u c h t h a t i n t h e s e l a t t e r e x p e r i m e n t s the incoming p e r f l u o r o -

benzene vapour p a s s e d d i r e c t l y o v e r a l a y e r o f mercury, i.e. 

t h e i n l e t s y s t e m had undergone a p r e c o n d i t i o n i n g . I n t h e 

i n i t i a l s t u d i e s t h i s would not have o c c u r r e d , and t h e e x t e n t 

o f m e t a l i n c o r p o r a t i o n would, f o r lower d i s t i l l a t i o n temper­

a t u r e s , be a d i r e c t f u n c t i o n of t h e c o n c e n t r a t i o n of mercury 

i n t h e gas p h a s e . T h e s e r e s u l t s c l e a r l y i n d i c a t e t h a t t h e 

r e l a t i o n s h i p between monomer f l o w and t h e p o s i t i o n o f t h e 

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

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

However, even when t h e above c o n s i d e r a t i o n s a r e 

t a k e n i n t o a c c o u n t w i t h i n t h e e x p e r i m e n t a l p r o c e d u r e , t h e 
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maximum Hg:C s t o i c h i o m e t r y o b t a i n a b l e r e m a i n s a t ^ 0 . 0 4 . 

The e f f e c t o f i n c r e a s i n g t h e d i s t i l l a t i o n 

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

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

v e r y s m a l l as i s e v i d e n c e d by t h e a r e a r a t i o s i n 

F i g u r e 4.3 and t h e C^ g component a n a l y s i s i n F i g u r e 4.4. 

The F:C s t o i c h i o m e t r y r e m a i n s c l o s e t o t h a t o f t h e monomer 

r e a f f i r m i n g t h e d o m i n a n c e o f r e a r r a n g e m e n t r e a c t i o n s i n t h e 
lfiV-i 

p o l y m e r i s a t i o n m echanism. The o n l y changes i n t h e compon­

e n t d i s t r i b u t i o n s a r e s m a l l t e n d e n c i e s f o r an i n c r e a s e i n 
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FIGURE 4.4 P e r c e n t a g e a r e a of component peaks from C ^ g 

e n v e l o p e a s a f u n c t i o n of t e m p e r a t u r e of m e rcury 
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t o t a l C-F and a d e c r e a s e i n CF 2 w i t h i n c r e a s i n g d i s t i l l a t i o n 
t e m p e r a t u r e . 

T h e r e a l s o a p p e a r s t o be an e f f e c t i n t h e 

amount o f o x y g e n i n c o r p o r a t i o n i n t o t h e p o l y m e r f i l m as a 

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

t h o u g h i n t h e ' c o n d i t i o n e d ' s y s t e m t h e amount o f m e r c u r y 

i n c o r p o r a t i o n i s c o n s t a n t , t h e amount o f o x y g e n d e c r e a s e s . 

T h i s may be due t o t h e e x c e s s m e r c u r y v a p o u r q u e n c h i n g r e ­

a c t i v e o x y g e n s p e c i e s p r e s e n t i n t h e p l a s m a and t h u s p r e ­

v e n t i n g r e a c t i o n w i t h t h e g r o w i n g o r g a n o m e t a l l i c p o l y m e r f i l m . 

As t h e r e a r e p r e v i o u s r e p o r t s i n t h e l i t e r a t u r e on t h e use 

o f m e r c u r y i n r e m o v i n g a t o m i c o x y g e n and ozone f r o m m i c r o -
21 

wave d i s c h a r g e s i n o x y g e n , t h e above s u g g e s t i o n i s n o t 

u n r e a s o n a b l e . 
I I . P a r t i a l Glow 

The v o l u m e o f t h e v i s i b l e g l o w i n a d i s c h a r g e -

g l o w c h a r a c t e r i s t i c - has been r e p o r t e d as b e i n g an i m p o r t a n t 

d e f i n a b l e p a r a m e t e r o f t h e p l a s m a p o l y m e r i z a t i o n e x p e r i m e n t . 

I n t h e i r s t u d y on t h e p l a s m a p o l y m e r i z a t i o n o f a c r y l o n i t r i l e , 
22 

Yasuda a n d H i r o t s u f o u n d t h a t t h e p o l y m e r d e p o s i t e d i n t h e 

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

e n t i r e r e a c t o r ) was d i f f e r e n t i n n a t u r e t o t h a t d e p o s i t e d i n 

t h e same p o s i t i o n f r o m a p a r t i a l p l a s m a (where t h e v i s i b l e 

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

f r o m a f u l l p l a s m a was b r o w n and i n s o l u b l e i n any s o l v e n t 

w h i l s t t h e p o l y m e r f o r m e d i n t h e weak g l o w was l i g h t y e l l o w 

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

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

o f t h e g l o w s i n c e o t h e r v a r i a b l e s , i.e. f l o w r a t e , p o wer, 

p r e s s u r e and r e a c t o r c o n f i g u r a t i o n , w e r e a l l k e p t c o n s t a n t . 



I t was s u g g e s t e d t h a t t h i s d i f f e r e n c e i n p r o p e r t i e s r e ­

f l e c t e d t h e d i f f e r e n c e i n p o l y m e r i z a t i o n mechanisms b e t w e e n 

a f u l l and p a r t i a l g l o w d i s c h a r g e ; t h a t t h e c h e m i s t r y i n v o l v e d 
2 2 

i n t h e i n c o m p l e t e g l o w r e g i o n was d i f f e r e n t . 

I n t h e p r e s e n t s t u d y , t h e r e s u l t s r e p o r t e d a r e 

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

i.e. t h e w h o l e o f t h e r e a c t o r v o l u m e was e m i t t i n g v i s i b l e 

l i g h t . However, i n t h i s s e c t i o n t h e e f f e c t o f a p a r t i a l g l o w 

v i s i b l e i n and a r o u n d t h e c o i l r e g i o n o n l y - on t h e compos­

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

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

e x a m i n e d . P o l y m e r samples w e r e a n a l y s e d f r o m t h e c o i l r e g i o n , 

i.e. b o t h s a m p l e s were i n t h e g l o w r e g i o n . T h i s i s i n c o n -
22 

t r a s t t o t h e s t u d y by Yasuda w h e r e s a m p l e s w e r e c o l l e c t e d 

f r o m t h e end o f t h e r e a c t o r o n l y . 

The component peak a n a l y s e s o f t h e C^ g e n v e l o p e s 

f r o m p o l y m e r s d e r i v e d f r o m b o t h f u l l and p a r t i a l g l o w d i s ­

c h a r g e c o n d i t i o n s as a f u n c t i o n o f m e r c u r y d i s t i l l a t i o n temp­

e r a t u r e a r e d i s p l a y e d i n F i g u r e 4.5. T h e r e a r e s e v e r a l 

n o t i c e a b l e v a r i a t i o n s b e t w e e n t h e c o m p o s i t i o n s o f t h e t w o 

d i f f e r e n t p o l y m e r s , t h e most p r o m i n e n t p e r h a p s b e i n g t h e l e v e l 

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

p a r t i a l g l o w . Under b o t h g l o w d i s c h a r g e c o n d i t i o n s t h e i n - ' 
* 

t e n s i t y o f t h e TT-*-TT s h a k e - u p s a t e l l i t e i s r o u g h l y c o n s t a n t , 

b u t i s 2% g r e a t e r i n t h e ' p a r t i a l g l o w ' p o l y m e r . T h i s i n ­

c r e a s e d u n s a t u r a t i o n i s a l s o r e f l e c t e d i n t h e i n c r e a s e d i n -
* 

t e n s i t y o f t h e T T + T T s h a k e - u p s a t e l l i t e p r e s e n t i n t h e 

c o r e l e v e l s p e c t r a . 
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The amount of CF^ and C-CF would appear t o be 

v e r y s i m i l a r and a p p r o x i m a t e l y c o n s t a n t i n both polymer t y p e s 

as a f u n c t i o n of d i s t i l l a t i o n t e m p e r a t u r e o f t h e mercury: as 
* 

would t h e amount of C F T i n t h e polymer formed i n a p a r t i a l 

glow. However, t h i s a p p a r e n t l y ' s t a t i c ' s i t u a t i o n masks the 

changes i n i n t e n s i t y o f t h e two component pe a k s due t o CF and 

CF-CF, which b a l a n c e o u t t o make an o v e r a l l c o n s t a n t amount 

of C F T . Due t o t h e d i f f i c u l t i e s i n peak f i t t i n g o f t h e s e 

two component pe a k s no a b s o l u t e v a l u e s a r e a s s i g n e d t o them 

* [ C F T ] = [CF] + [CF-CF] - C h a p t e r Two. 



b u t i t i s n o t i c e a b l e t h a t t h e CF component peak i n c r e a s e s 

w h i l s t t h e CF-CF peak d e c r e a s e s i n i n t e n s i t y w i t h i n c r e a s i n g 

d i s t i l l a t i o n t e m p e r a t u r e . A s i m i l a r s i t u a t i o n a r i s e s i n 

t h e amount o f CF i n t h e p o l y m e r f o r m e d i n a f u l l g l o w d i s ­

c h a r g e w h i c h a p p e a r s t o i n c r e a s e as a f u n c t i o n o f t h e temp­

e r a t u r e o f t h e m e r c u r y , b o t h t h e CF and CF-CF component peaks 

show an i n c r e a s e . I t s h o u l d be p o i n t e d o u t h e r e t h a t t h e 

amount o f CF i n t h e ' p a r t i a l g l o w ' p o l y m e r i s some 3-4% 

g r e a t e r t h a n i n t h e c o r r e s p o n d i n g ' f u l l g l o w ' p o l y m e r , w h i l s t 

t h e amount o f CF-CF i s b e t w e e n 2-6% g r e a t e r i n t h e ' f u l l g l o w ' 

p o l y m e r . 

W i t h an i n c r e a s i n g d i s t i l l a t i o n t e m p e r a t u r e , t h e 

amount o f CF 2 p r e s e n t i n t h e ' f u l l g l o w ' p o l y m e r shows a de­

c r e a s i n g t r e n d f r o m n e a r l y 17% a t 20°C t o 12% a t 120°C. 

T h i s i s i n c o n t r a s t t o t h e ' p a r t i a l g l o w ' p o l y m e r w h i c h r e ­

t a i n s a more o r l e s s c o n s t a n t amount o f CF 2 o f a r o u n d 12%. 

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

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

t h e d e p o s i t e d p o l y m e r f i l m , a l i m i t e d amount o f p o l y m e r 

' t a i l o r i n g ' w o u l d seem p o s s i b l e upon t h e s u i t a b l e c h o i c e o f 

t y p e o f g l o w d i s c h a r g e . 

The g l o w c h a r a c t e r i s t i c a l s o a f f e c t e d t h e amount 

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

i n c o r p o r a t i o n i n t o t h e ' p a r t i a l g l o w ' p o l y m e r d i d n o t p r o c e e d 

u n t i l a minimum m e r c u r y d i s t i l l a t i o n t e m p e r a t u r e o f 60°C was 

u t i l i z e d . An i n c r e a s i n g c o n c e n t r a t i o n o f m e t a l i n c o r p o r a t i o n 

was t h e n o b s e r v e d up t o a 100°c when t h e l e v e l o f m e r c u r y 

became c o n s t a n t , a t t h e same l e v e l as i n t h e ' f u l l g l o w ' p o l y ­

mer, a t a C:Hg s t o i c h i o m e t r y o f 1:0.04 ( F i g u r e 4 . 6 ) . 
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f o r b o t h p a r t i a l and f u l l glow p o l y m e r s 

I n c o n t r a s t i n i t i a l m e t a l i n c o r p o r a t i o n i n t o t h e 

' f u l l g low 1 polymer p r o c e e d e d a t a l o w e r minimum t e m p e r a t u r e 

and a l s o r e a c h e d t h e maximum c o n c e n t r a t i o n a t a lower d i s t i l l -
o 22 a t i o n t e m p e r a t u r e of 80 C. Thus, i n agreement w i t h Yasuda , 

t h e p l a s m a p o l y m e r i z a t i o n - and hence c o m p o s i t i o n of the de­

p o s i t e d polymer - depends s t r o n g l y on t h e n a t u r e of the glow. 

4.3.2 M e t a l I n c o r p o r a t i o n as a f u n c t i o n o f power 

As a p r e l i m i n a r y t o the s t u d y o f mercury i n c o r ­

p o r a t i o n , a t a f i x e d d i s t i l l a t i o n t e m p e r a t u r e (i.e. 80°C) , 

a s a f u n c t i o n of power a d e t a i l e d i n v e s t i g a t i o n o f the e f f e c t 

o f t h i s p a r a m e t e r on p e r f l u o r o b e n z e n e was u n d e r t a k e n due t o 
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to t h e p a u c i t y of d a t a on component d i s t r i b u t i o n i n the 

l i t e r a t u r e . 

The r e l e v a n t component a n a l y s i s i s d i s p l a y e d 

i n F i g u r e 4.7. From t h e s e d a t a i t i s c l e a r t h a t changes 

o c c u r i n t o t a l C-F, C-CF and C F 2 o v e r t h e range 5 t o 15 W 

and t h e r e a f t e r t h e l e v e l s remain c o n s t a n t . With t h e de­

c r e a s e i n t o t a l CF t h e r e a r e c o n c o m i t a n t i n c r e a s e s i n C-CF 

and C F 2 . I t i s i n t e r e s t i n g t o note t h a t an i n c r e a s e i n 

the F, t o C, a r e a r a t i o o c c u r s not i n 5 t o 15 W rang e , as I s I s 
would be p r e d i c t e d from t h e C l s component a n a l y s i s , b ut i n 

Perfluorobenzene Plasma 

Si • 

Total CF 50 

26 c CF 

22 

+ CF 2 18 

10 

CF 

I 
20 25 

Radio Frequency Power/W 

FIGURE 4.7 P e r c e n t a g e a r e a o f component peaks from C ^ g 

e n v e l o p e a s a f u n c t i o n of r a d i o f r e q u e h c y _ d'ts~ 
c h a r g e power o f p e r f l u o r o b e n z e n e p l a s m a 
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the 15 t o 30 W r e g i o n . The p r e s e n t a v a i l a b l e d a t a does not 
a l l o w f o r a r e a s o n a b l e e x p l a n a t i o n f o r t h i s phenomena to be 
u n d e r t a k e n . 

205 
200 
1-95 is ~1s 

1-90 
1-85 
1-80 
1-75 
1-70 

. 10min 0-1mb Perfluorobenzene plasma )0mn 0-1mb Perfluorobenzene • Mercury 
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-K 
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Radio Frequency Power / W 

FIGURE 4.8 Peak a r e a s o f F^s and H g 4 f t o C ^ g e n v e l o p e as 
a f u n c t i o n of r a d i o f r e q u e n c y d i s c h a r g e power f o r 
t h e p e r f l u o r o b e n z e n e and p e r f l u o r o b e n z e n e p l u s 
m ercury p l a s m a s 

I n c o n t r a s t t o the above d a t a t h e f l u o r i n e c o n t e n t 

f o r mercury i n c o r p o r a t e d f i l m s ( F i g u r e 4.8) shows v e r y l i t t l e 

v a r i a t i o n as a f u n c t i o n of power. S i m i l a r l y t h e mercury l e v e l 

i s c o n s t a n t o v e r the range o f powers i n v e s t i g a t e d . The main 

e f f e c t o f i n c r e a s i n g power on t h e c o m p o s i t i o n o f t h e m ercury-
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p e r f l u o r o b e n z e n e p l a s m a polymer i s o b s e r v e d i n t he component 

d i s t r i b u t i o n as d i s p l a y e d i n F i g u r e 4.9. 

Perf luorobenzene « Mercury Ptasma 
48 
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FIGURE 4.9 P e r c e n t a g e a r e a o f component peaks from C ^ g 

e n v e l o p e a s a f u n c t i o n of r a d i o f r e q u e n c y d i s ­
c h a r g e power o f p e r f l u o r o b e n z e n e and m e r c u r y 
plasma 

An e s s e n t i a l l y l i n e a r d e c r e a s e i n t h e t o t a l C-F 

c o n t r i b u t i o n o f t h e o r d e r of 10% i s o b s e r v e d on g o i n g from 

5 t o 30 W. Whereas i n t h e "pu r e " p e r f l u o r o b e n z e n e s y s t e m 

C-CF and C F j components showed i n i t i a l i n c r e a s e s o n l y CF£ 

r e v e a l s t h i s b e h a v i o u r i n t h e range 5 t o 15 W. C-CF i n ­

c r e a s e s a t powers g r e a t e r t h a n 20 W. T h e s e d a t a r e v e a l t h a t 



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

c o n t e n t o f t h e p l a s m a p o l y m e r d e p e n d e n t on t h e power u s e d . 

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

p o l y m e r i s a t i o n mechanism i s by no means s t r a i g h t f o r w a r d . 

As o b s e r v e d i n t h e d a t a i n F i g u r e 4.3 t h e m e r c u r y c o n t e n t 

r e m a i n s c o n s t a n t o v e r t h e power r a n g e s t u d i e d . Thus t h e 

v a r i a t i o n s i n s t r u c t u r e as a f u n c t i o n o f power c a n n o t be 

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

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

be e x p l a i n e d o n l y i n t e r m s o f t h e r e a c t i o n s o f t h e monomer as 

a f u n c t i o n o f power. T h e r e f o r e t h e d a t a s t r o n g l y s u g g e s t 

t h a t t h e r e i s a c o m p l e x i n t e r a c t i o n b e t w e e n t h e m e r c u r y and 

p e r f l u o r o b e n z e n e i n t h e gas phase o f t h e p l a s m a . 

M e r c u r y i s w e l l known f o r i t s s e n s i t i s a t i o n o f 
2 3 

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

f i l m ' s s t r u c t u r e may w e l l a r i s e f r o m t h e s e n s i t i s a t i o n o f 

r e a c t i o n s i n v o l v i n g p e r f l u o r o b e n z e n e a n d / o r i t s r e a r r a n g e m e n t 

p r o d u c t s . As power i s i n c r e a s e d t h e e n e r g y a b s o r p t i o n o f 

t h e m e r c u r y w i l l be increased w i t h t h e e f f e c t o f e n h a n c i n g o r 

c h a n g i n g t h e n a t u r e o f r e a c t i o n s i n t h e gas phase p o s s i b l y by 

s e n s i t i s a t i o n . The i n t e r r o g a t i o n o f t h e s p e c i e s p r e s e n t i n 

t h e gas phase via o p t i c a l t e c h n i q u e s t h a t do n o t p e r t u r b t h e 

p l a s m a p r e s e n t s t h e b e s t a p p r o a c h t o i n v e s t i g a t e v a r i a t i o n s i n 

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

The use o f o p t i c a l e m i s s i o n a n a l y s i s as a means o f c o r r e l a t i n g 

t h e gas phase c h e m i s t r y and t h e c o m p o s i t i o n o f t h e p l a s m a 

p o l y m e r i s d e m o n s t r a t e d , i n C h a p t e r s F i v e and S i x , i n t h e c o -

p o l y m e r i z a t i o n o f p e r f l u o r o b e n z e n e w i t h o t h e r o r g a n i c / 

o r g a n o m e t a l l i c monomers. 
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4.3.3 S u b s t r a t e t e m p e r a t u r e 

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

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

v e s t i g a t i o n t h a t has r e c e i v e d l i t t l e a t t e n t i o n i n t h e l i t e r ­

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

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

o f t h e d e p o s i t e d f i l m s d e p e n d e n t on power and s u b s t r a t e 
24 

t e m p e r a t u r e w e re f o u n d . A s t u d y was t h e r e f o r e c o n d u c t e d 

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

m e r c u r y / p e r f l u o r o b e n z e n e a t a s u b s t r a t e t e m p e r a t u r e o f 150°C 

i n o r d e r t o compare t h e r e s u l t s w i t h t h o s e o b t a i n e d a t a m b i e n t 

t e m p e r a t u r e . 

A t t h e h i g h e r t e m p e r a t u r e , w h i c h f o r a e r y l o n i t r i l e 

was s u f f i c i e n t t o i n d u c e m a r k e d d i f f e r e n c e s when compared w i t h 

a m b i e n t , no d e t e c t a b l e d e v i a t i o n s f r o m t h e d a t a o b t a i n e d a t 

20°C w e r e o b s e r v e d i n p l a s m a p o l y m e r i s e d p e r f l u o r o b e n z e n e s 

o v e r a 5-30 W power r a n g e . A c o m p a r i s o n o f t h e component peak 

a n a l y s i s o f p l a s m a p o l y m e r i z e d PFB a t t h e t w o s u b s t r a t e t e m p e r ­

a t u r e s i s shown i n C h a p t e r Two. T h i s may w e l l a r i s e f r o m t h e 

good t h e r m a l s t a b i l i t y i m p a r t e d t o t h e s y s t e m by t h e h i g h 
25 

f l u o r i n e c o n t e n t and f o r w h i c h f l u o r o p o l y m e r s a r e w e l l known. 

The m e r c u r y / p e r f l u o r o b e n z e n e s y s t e m , a l t h o u g h a t t h e 

power s t u d i e d (5 W) showed t h e same C^ s and F^ s s p e c t r a as 

a t 20°C, r e v e a l e d a f a c t o r o f M d e c r e a s e i n m e r c u r y c o n t e n t . 

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

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

does n o t i n d u c e o b s e r v a b l e p e r t u r b a t i o n s t o t h e C^ s and F^ s 

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

c o n s i d e r a b l y w e a k e r t h a n t h e C-C o r C-F b o n d s . 



167 

4.3.4 I n t e r n a l S t r e s s i n the Plasma P o l y m e r s 

A l l f i l m s were d e p o s i t e d onto g o l d and aluminium 

f o i l and t r a n s p o r t e d from the r e a c t o r t o t he s p e c t r o m e t e r under 

a b l a n k e t of n i t r o g e n . T h i s was p a r t i c u l a r l y i m p o r t a n t when 

u s i n g aluminium f o i l as the s u b s t r a t e f o r "pure" p e r f l u o r o -

benzene plasma p o l y m e r s . When the f i l m s were exposed t o a i r , 

c r a c k i n g was o b s e r v e d which was a c c e l e r a t e d by m o i s t u r e . A 

s i m i l a r phenomena has been noted i n plasma p o l y m e r i s e d 1-
2 fi 

f l u o r o n a p h t h a l e n e and i s dependent on t h e n a t u r e of t he 

s u b s t r a t e m a t e r i a l used as e v i d e n c e d by the a b s e n c e of c r a c k s 

when g o l d i s u s e d . The mercury c o n t a i n i n g p l a s m a polymer­

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

and seems t o i n d i c a t e t h a t mercury improves t h e i n t e r n a l s t r e s s 

of t h e f i l m s on aluminium f o i l . The mechanism f o r t h i s i s 

a t p r e s e n t unknown. 

T h i s phenomenon of c r a c k i n g of t h e polymer f i l m 

was thought t o be a s s o c i a t e d w i t h t h e a b s o r p t i o n of m o i s t u r e 

from t h e atmosphere and consequent s w e l l i n g of t h e f i l m . 

Water vapour would appear t o 'h e l p ' t h e p r o c e s s as s e e n by t he 

i n c r e a s e d r a t e o f c r a c k i n g of t h e s e f i l m s i n t h e p r e s e n c e of 

H2O. However, i t has been shown t h a t a t h i n l a y e r plasma 

polymer d e p o s i t e d onto a f l e x i b l e p o l y m e r i c s u b s t r a t e o f t e n 
27 

shows a s t r o n g tendency t o bend and c u r l . T h i s c u r l i n g 

took p l a c e d u r i n g t h e p r o c e s s o f plasma p o l y m e r i z a t i o n i n 

w h i c h no s w e l l i n g due t o the a b s o r p t i o n o f m o i s t u r e c o u l d 

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

a r i s i n g d u r i n g t h e polymer d e p o s i t i o n . 
F u r t h e r , i t was n o t i c e d t h a t t h e s l o w e r t h e depos-

27 

i t i o n r a t e , t h e l a r g e r was t h e i n t e r n a l s t r e s s . The t h i c k ­

n e s s of t h e d e p o s i t e d polymer l a y e r was a l s o found t o be 
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r e l a t e d to t h e s t r e s s i n the f i l m , as polymer t h i c k n e s s i n ­

c r e a s e d above a p p r o x i m a t e l y 500 nm the s t r e s s d e c r e a s e d , a l ­

though up t o t h i s t h i c k n e s s s t r e s s had been c o n s t a n t i n t h r e e 

d i f f e r e n t plasma polymer f i l m s . The i n t e r n a l s t r e s s e s of 

plasma p o l y m e r s p r e p a r e d from p e r f l u o r o b e n z e n e , t e t r a f l u o r o -
2 8 

benzene and d i f l u o r o b e n z e n e have been measured and found 
to be e s s e n t i a l l y the same, i.e. a t 400 nm f i l m t h i c k n e s s to 

8 -2 * 
have a s t r e s s of ^3.7x10 dyne cm w h i c h i s v e r y s i m i l a r 

29 
t o t h a t or plasma p o l y m e r i z e d a c e t y l e n e . 

I f t h e i n t e r n a l s t r e s s of t h e polymer s u b s t r a t e 

i n t e r f a c e i s g r e a t e r t h a n t h e a d h e s i v e f o r c e s i n t h i s r e g i o n , 

t h e n poor a d h e s i o n - as e v i d e n c e d by b u c k l i n g of t h e polymer -

w i l l r e s u l t . C r a c k i n g r e s u l t s when t h e i n t e r n a l s t r e s s i s 
27 

g r e a t e r t h a n the c o h e s i v e f o r c e of the p l a s m a polymer. 

I n t h e p r e s e n t s t u d y , t h e l a c k of c r a c k i n g of the m e t a l 

c o n t a i n i n g f i l m s may r e s u l t , i n v i e w of t h e above f a c t s , from 

a f a s t e r d e p o s i t i o n r a t e . I n d e e d t h e p e r c e n t a g e w e i g h t i n ­

c r e a s e of t h e s u b s t r a t e was g r e a t e r i n t h e d e p o s i t i o n of t h e 

m e t a l c o n t a i n i n g f i l m . However, t h e d e n s i t y of t h e m e t a l 

c o n t a i n i n g f i l m c a n no l o n g e r be assumed t o be t h e same as 

t h a t of t h e o r g a n i c f i l m , and would, an f a c t , be e x p e c t e d t o 

be g r e a t e r . V i s i b l y , the d e p o s i t i o n r a t e d i d not appear t o 

* _ 
S t r e s s i n t h e f i l m was c a l c u l a t e d u s i n g t h e e m p i r i c a l 

e q u a t i o n below^S w h i c h h o l d s when the p l a s m a polymer t h i c k n e s s 
i s much l e s s t h a n t h a t o f t h e s u b s t r a t e : 

* s . d = E ° 2 / 6 R 

where o g = s t r e s s i n the plasma polymer 
d = f i l m t h i c k n e s s 
E = Young's modulus of t h e s u b s t r a t e 
D = t h i c k n e s s o f the s u b s t r a t e 
R = r a d i u s o f t h e c u r l i n g s u b s t r a t e 
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d i f f e r i n the two e x p e r i m e n t s and the i n c r e a s e d w e i g h t g a i n 

may be due s o l e l y t o the i n c r e a s e d d e n s i t y of t h e f i l m when 

i t c o n t a i n s mercury. T h e r e f o r e , i t may be the i n c r e a s e d 

d e n s i t y of t h e mercury c o n t a i n i n g f i l m w h i c h i s r e s p o n -

s i b l e f o r the e l i m i n a t i o n of c r a c k i n g w i t h i n t h e plasma 
. - - . 30 p o l y m e r i z e d f i l m . The d e n s i t y or SIN r u m s , p r e p a r e d oy 

plasma c h e m i c a l vapour d e p o s i t i o n , has a l s o been noted as 

b e i n g an i m p o r t a n t p a r a m e t e r i n the d e t e r m i n a t i o n of the 

r e s i s t a n c e of such f i l m s t o c r a c k i n g . The lower the d e n s i t y 

of the f i l m , t h e g r e a t e r was the amount of c r a c k g e n e r a t i o n . 

4.4 C o n c l u s i o n 

The i n c o r p o r a t i o n of mercury i n t o a plasma polymer of 

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

f r e q u e n c y d i s c h a r g e . A maximum Hg:C s t o i c h i o m e t r y of 0.04 

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

powers. The c o n t r a s t i n C ^ g component d i s t r i b u t i o n when 

p o l y m e r i s a t i o n i s s t u d i e d as a f u n c t i o n of power i s not a 

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

p r o b a b l y due t o e n e r g y t r a n s f e r p r o c e s s e s between t h e mercury 

and p e r f l u o r o b e n z e n e i n t h e gas phase o f t h e p l a s m a . I t i s 

a l s o e v i d e n t from e x a m i n a t i o n o f the C, c o r e l e v e l s and t h e 
I s 

a p p r o p r i a t e F ^ s / C ^ s a r e a r a t i o s t h a t t h e p o l y m e r i s a t i o n mech­

anisms i n v o l v e r e a r r a n g e m e n t of the p e r f l u o r o b e n z e n e as opposed 

t o e l i m i n a t i o n r e a c t i o n s . 

The i n f l u e n c e of s u b s t r a t e t e m p e r a t u r e on the s t r u c t u r e 

and bonding o f t h e o r g a n o f l u o r i n e component o f t h e d e p o s i t e d 

f i l m s i s n e g l i g i b l e under t h e c o n d i t i o n s u s e d but s i g n i f i c a n t l y 
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d e c r e a s e s the mercury c o n t e n t . The i n c l u s i o n of mercury 

i n t o p e r f l u o r o b e n z e n e plasma polymers improves t h e s t a b i l i t y 

of t h e polymer f i l m on aluminium f o i l s u b s t r a t e s . 
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5.1 I n t r o d u c t i o n 

The i n c o r p o r a t i o n of m e t a l s i n t o p o l y m e r i c m a t e r i a l s 

i s an a c t i v e a r e a of i n t e r e s t . " ' " A p p l i c a t i o n s range from 
2 

p o l y m e r - s u p p o r t e d c a t a l y s t s t o t h e use of t h e s e f i l m s a s 
p h o t o c o n d u c t o r s . ^ One p a r t i c u l a r l y a c t i v e a r e a of r e s e a r c h 

i s i n t h e use of m e t a l l a t e d plasma polymers as e l e c t r o n beam 
4 

r e s i s t s f o l l o w i n g the development of t h e use of plasma 

polymers as p h o t o r e s i s t s . ^ 

5.1.1 Plasma Polymers a s R e s i s t s 

The use of plasma polymer f i l m s as e l e c t r o n beam 

r e s i s t s i s a t t r a c t i v e f o r s e v e r a l r e a s o n s . The p r a c t i c a l 
g 

o p t i c a l l i m i t of p h o t o r e s i s t s i s around 2ym, due t o d i f ­

f r a c t i o n p a t t e r n s c a u s e d by r a d i a t i o n p r o j e c t e d through mask 

l i n e s n a r r o w e r t h a n lym w h i c h r e s u l t i n a b l u r r i n g e f f e c t 

of t h e p a t t e r n . However, t h e use of e l e c t r o n s r e s u l t s i n 

a h i g h e r p o t e n t i a l r e s o l u t i o n (^0.05ym) s i n c e t h i s i s n o t 

l i m i t e d by d i f f r a c t i o n c o n s i d e r a t i o n s , and t he e l e c t r o n beam 

can be f o c u s s e d t o a s p o t d i a m e t e r two or t h r e e o r d e r s of 

magnitude l e s s t h a n t h e w a v e l e n g t h of l i g h t . The use of 

an e l e c t r o n beam whose i n t e n s i t y and energy c a n e a s i l y be 

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

t h e s u b s t r a t e a t f i n a l image s i z e . 

O t her a d v a n t a g e s a s s o c i a t e d w i t h t h e use of 

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

s t r a t e i n c l u d e a f a s t e r t u r n around time, b e t t e r l i n e w i d t h 

c o n t r o l and s m a l l e r f e a t u r e s . E l e c t r o n beam l i t h o g r a p h y 

a l s o o f f e r s t h e p o s s i b i l i t y of a o n e - s t e p f a b r i c a t i o n of 

h i g h q u a l i t y p h o t o l i t h o g r a p h i c m a s t e r masks w i t h o v e r a l l lower 
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d e f e c t d e n s i t i e s than c o n v e n t i o n a l methods. A l l t h e s e 

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

of l i t h o g r a p h i c s t e p s needed as w e l l as t h e i n h e r e n t l y 

h i g h e r r e s o l u t i o n c a p a b i l i t i e s of e l e c t r o n l i t h o g r a p h y . 

The r e s o l u t i o n of an e l e c t r o n beam i s a d i r e c t 

f u n c t i o n of f i l m t h i c k n e s s . Plasma p o l y m e r i z a t i o n can 

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

of known t h i c k n e s s . These u l t r a - t h i n , h i g h l y c r o s s - l i n k e d 

f i l m s e x h i b i t two i n h e r e n t p r o p e r t i e s w h i c h makes t h e i r use 

as r e s i s t s v e r y a t t r a c t i v e : 

1. t h e d e p o s i t i o n of a u n i f o r m l y t h i c k t h i n f i l m m i n i m i s e s 

l i n e w i d t h v a r i a t i o n s stemming from r e s i s t t h i c k n e s s v a r i a t -
g 

i o n s w h i c h o c c u r when the l i n e s t r a v e r s e a s t e p i n t h e w a f e r . 

The t h i n n a t u r e o f the f i l m m i n i m i s e s t h e amount of e l e c t r o n 

s c a t t e r i n g which o c c u r s w i t h i n t h e r e s i s t . 

2. The e x c e l l e n t a d h e s i v e p r o p e r t i e s d e m o n s t r a t e d by a 

plasma polymer l i m i t t h e u n d e r c u t t i n g of t h e p a t t e r n s which 

would r e s u l t i n a l o s s of r e s o l u t i o n . Poor a d h e s i o n , i n 

the l i m i t , c a n c a u s e complete d e s t r u c t i o n of t h e p a t t e r n . 

One of the b a s i c problems i n the use of any 

o r g a n i c f i l m a s an e l e c t r o n beam r e s i s t a r i s e s from t h e energy 

d i s s i p a t e d by t h e i n c i d e n t e l e c t r o n beam. O r g a n i c m a t e r i a l s 

do n o t a b s o r b a l l t h e energy o f a h i g h energy e l e c t r o n beam. 

E l e c t r o n s c a t t e r i n g i n t h e r e s i s t , a r i s i n g from t h e t h i c k n e s s 

of t h e r e s i s t , s e t s t h e p r a c t i c a l l i m i t t o t h e minimum f e a t u r e 

s i z e t h a t c a n be r e s o l v e d . However, i f too t h i n a f i l m i s 

used i n o r d e r t o m i n i m i s e s c a t t e r i n g w i t h i n t h e r e s i s t , t h e n 

b a c k s c a t t e r i n g from t h e s u b s t r a t e w i l l become a problem a f f e c t -
g 

i n g t h e p r a c t i c a l r e s o l u t i o n o f t h e r e s i s t . T h i s may be 
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overcome t o some e x t e n t by t h e i n c o r p o r a t i o n of me t a l i n t o 

the plasma polymer r e s i s t . Due t o the h i g h e r a b s o r p t i o n 

c r o s s s e c t i o n of t h e s e atoms, a b s o r p t i o n of the energy of 

th e i n c i d e n t e l e c t r o n beam may be i n c r e a s e d . T h i s has been 

c o n s i d e r e d t o some e x t e n t by p r e v i o u s w o r k e r s . ^ 

9 

I n a p o s i t i v e e l e c t r o n r e s i s t , t h e p a t t e r n i s 

produced by development i n a s u i t a b l e s o l v e n t i n which t h e 

degraded polymer d i s s o l v e s much f a s t e r t h a n t h e unexposed 

a r e a s . The s e n s i t i v i t y of t h e r e s i s t i s d e t e r m i n e d by t h e 

s c i s s i o n p r o b a b i l i t y and the s o l u b i l i t y r a t e r a t i o f o r t h e 
degraded polymers.^"*" M e t h a c r y l i c p o lymers have been e x t e n s -

12 
i v e l y s t u d i e d , b e c a u s e t h e s e polymers a r e r e a d i l y degraded 
by h i g h energy beam e x p o s u r e . P o l y m e t h y l m e t h a c r y l a t e was 

13 
t h e f i r s t m a t e r i a l r e p o r t e d as an e l e c t r o n beam r e s i s t . 
T h i s m a t e r i a l h a s a r a t h e r poor s e n s i t i v i t y , b u t i s s t i l l 

14 
b e l i e v e d t o show t h e h i g h e s t r e s o l u t i o n . 

The s e n s i t i v i t y of a m e t h a c r y l a t e r e s i s t has been 

improved by t h e i n c o r p o r a t i o n of f l u o r i n e atoms i n t o t h e mole­

cule."'"^ The a u t h o r s r e p o r t e d t h a t t h i s i n c r e a s e d s e n s i t i v i t y 

was due t o t h e e x c e l l e n t development c h a r a c t e r i s t i c s of t h e 

r e s u l t a n t film."*""^ 

P a r a l l e l i n g t h e p o p u l a r i t y o f t h e u s e of c o n v e n t ­

i o n a l m e t h a c r y l a t e p o l y m e r s , i s t h e development o f the u s e of 

m e t h a c r y l a t e plasma polymers as e l e c t r o n beam r e s i s t s . Here, 

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

combined w i t h t h e a d v a n t a g e s g a i n e d from plasma p o l y m e r i z a t i o n . 

T h e r e have been many s t u d i e s r e p o r t e d i n t h e l i t e r a t u r e i n 
16 

t h i s a r e a . One such s t u d y i n v o l v e d t h e i n c o r p o r a t i o n of 

t i n i n t o a plasma polymer of m e t h y l m e t h a c r y l a t e by i n t r o d u c i n g 
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a s m a l l amount of t e t r a m e t h y l t i n i n t o the plasma. The 

r e s u l t a n t plasma polymer was i n c o m p l e t e l y a n a l y s e d , no mention 

was made of t h e c o m p o s i t i o n of t h e plasma polymer. However 

the a u t h o r s d i d f i n d t h a t as the amount of t i n i n c o r p o r a t e d 

i n t o t h e polymer i n c r e a s e d t h e s e n s i t i v i t y of t h e f i l m 

improved due t o an i n c r e a s e d a b s o r p t i o n energy. 

The a c t u a l amount of m e t a l i n c o r p o r a t i o n i n t o 

t h e polymer was not measured. The a u t h o r s assumed t h a t by 

i n c r e a s i n g t h e w e i g h t p e r c e n t of TMT from 1-5 i n the s t a r t i n g 

monomer, the m e t a l c o n t e n t of t h e polymer f i l m r e f l e c t e d t h e 

c o n c e n t r a t i o n of t i n i n the s t a r t i n g monomer. 

One of t h e problems which was a s s o c i a t e d w i t h 

t h e i n c o r p o r a t i o n o f a h i g h c o n t e n t of t i n i n t o r e s i s t s was 

t h e f o r m a t i o n o f unwanted Sn02 i n the s u r f a c e of t he substrate"*" 

a f t e r d r y l i t h o g r a p h i c t e c h n i q u e s have been used t o remove t h e 
19 

r e s i s t . T h i s c o u l d o n l y be removed by wet t r e a t m e n t , hence 

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

i n g methods. The problem was s o l v e d by t h e development o f new 

p u r e r forms o f p h o t o r e s i s t , i n w h i c h t h e t i n c a t a l y s t had been 

removed. However, w i t h the i n t e n t i o n a l i n c o r p o r a t i o n of t i n 

i n t o a polymer t o improve energy a b s o r p t i o n by t h e r e s i s t , t h e 

above may once a g a i n become a problem. 

With t h e i n c r e a s i n g s o p h i s t i c a t i o n i n d e v i c e f a b ­

r i c a t i o n a g r e a t e r demand on r e s i s t t e c h n o l o g y i s b e i n g made. 

The c o n t i n u e d push t o h i g h e r r e s o l u t i o n h a s l e d t o the d e v e l o p ­

ment o f o t h e r emerging l i t h o g r a p h i c t e c h n i q u e s s u c h as X-ray 

l i t h o g r a p h y , where r e s i s t s s p e c i f i c a l l y d e s i g n e d f o r i n t e r -
20 

a c t i o n w i t h X - r a y s a r e b e i n g s t u d i e d . One s u c h s y s t e m i s 

ba s e d on t he i n c o r p o r a t i o n of g o l d i n t o a plasma p o l y m e r i s e d 
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s t y r e n e f i l m b a s e d on t he knowledge t h a t g o l d i s an X-ray 
20 a b s o r b i n g m a t e r i a l o v e r a wide range of X-ray w a v e l e n g t h s . 

F o r a f u l l e r d i s c u s s i o n of t h e use of plasma p o l y m e r s / m e t a l l -
a t e d plasma polymers as r e s i s t m a t e r i a l s , t h e i n t e r e s t e d 

8 1 
r e a d e r i s r e f e r r e d t o comprehensive r e v i e w s on t h i s t o p i c . ' 

5.1.2 O t h e r u s e s o f M e t a l l a t e d Plasma Polymers 

On a t o t a l l y d i f f e r e n t l i n e of r e s e a r c h , t h e r e 

has been a c o n s i d e r a b l e i n t e r e s t i n t h e s y n t h e s i s of o r g a n o t i n 
21 

p o l y m e r s : t h e e x t e n s i v e i n v e s t i g a t i o n s i n t h i s a r e a b e i n g 
s t i m u l a t e d by t h e unique p h y s i c a l , c h e m i c a l and b i o l o g i c a l 

22 

p r o p e r t i e s of o r g a n o t i n compounds. Of p a r t i c u l a r i m p o r t ­

ance i s t h e v e r s a t i l e b i o c i d i c a c t i v i t y of o r g a n o t i n com­

pounds w h i c h may be use d as f u n g i c i d e s , i n s e c t i c i d e s , b a c t e r i -
22 

c i d e s , r o d e n t i c i d e s , m o l l u s i c i d e s and a n t i f o u l a n t s . They 
23 

a l s o p o s s e s s s t a b i l i z i n g a c t i v i t i e s a g a i n s t t h e r m a l , o x i d ­

a t i v e and l i g h t i n d u c e d d e s t r u c t i v e p r o c e s s e s of p o l y m e r s , 
and a r e w i d e l y u s e d a s s t a b i l i z e r s of p l a s t i c s u s e d f o r food 

22 
p a c k a g i n g . 

O r g a n o t i n s t a b i l i z e r s and b i o c i d e s have been 

u s u a l l y used as low m o l e c u l a r w e i g h t a d d i t i v e s t o p o l y m e r i c 

m a t e r i a l s . As exam p l e s , t r i b u t y l t i n compounds a r e added to 

p a i n t s t o form a n t i f o u l i n g c o a t i n g s f o r the p r o t e c t i o n o f 

s h i p s h u l l s and s e a w a t e r c o o l i n g p i p e s from t h e a t t a c h m e n t 
25 

of b a r n a c l e s and o t h e r marine o r g a n i s m s . Mono- and d i -
a l k y l t i n compounds a r e added t o p o l y v i n y l c h l o r i d e f o r s t a b -

2 3 

i l i s a t i o n a g a i n s t t h e l o s s of c h l o r i n e . However, b e i n g 

bonded t o t h e polymer o n l y by p h y s i c a l f o r c e s , t h e y show s e r i o u s 

d e f i c i e n c i e s c o n n e c t e d w i t h a tendency t o e s c a p e from t h e 
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m a t e r i a l by l e a c h i n g , etc. T h i s c a u s e s t h e m a t e r i a l t o 
22 d i s p l a y a s h o r t l i f e t i m e of b i o c i d i c or s t a b i l i z i n g a c t i v i t y . 

Another problem a s s o c i a t e d w i t h t i n , when i t i s p r e s e n t as 

an e n v i r o n m e n t a l c o n t a m i n a n t , i s i n the l a r g e t o x i c o l o g y of 

low m o l e c u l a r w e i g h t compounds t o mammals where i t can concen-
2 *"* 

t r a t e and become t o x i c . Both of the above problems can be 
m i n i m i s e d by i n c o r p o r a t i n g t h e o r g a n o t i n group i n t o t h e p o l y -

27 
mer by c h e m i c a l bonds. 

Other p r o p e r t i e s of t i n c o n t a i n i n g p o l ymers a r e 

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

s u r f a c e . 

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

a polymer i s a t t r a c t i v e . T h i s r e s u l t s from t h e d i s t i n c t i v e 

p r o p e r t i e s e x h i b i t e d by s i l i c o n c o n t a i n i n g p o l y m e r s . Those 

i n c l u d e w a t e r r e p e l l e n c y , s u r f a c e h a r d n e s s , t h e r m a l s t a b i l i t y , 

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

have found use as d i e l e c t r i c s f o r m i c r o e l e c t r o n i c s , and i n 
29 

o p t i c a l and b i o m e d i c a l a p p l i c a t i o n s . 

I n a g a k i et al^° have s t u d i e d t h e plasma polymer­

i z a t i o n of t h e t e t r a m e t h y l compounds of group I V w h i l s t 

W.J. James et at have conducted an e x t e n s i v e i n v e s t i g a t i o n 

i n t o t h e p r o p e r t i e s e x h i b i t e d by o r g a n o t i n plasma polymer 
31 

f l 1 m s . 

From t h e f o r e g o i n g d i s c u s s i o n i t c a n be s e e n t h a t 

t h e r e i s a g r e a t t e c h n o l o g i c a l i m p o rtance on t h e i n c o r p o r a t i o n 

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

plasma p o l y m e r i z a t i o n b e h a v i o u r of the t e t r a m e t h y l compounds 

of group I V was re - e x a m i n e d . I t s h o u l d be s t r e s s e d h e r e t h a t 

the h i g h s e n s i t i v i t y o f t h e plasma p o l y m e r i z a t i o n p r o c e s s t o 
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the e x p e r i m e n t a l c o n d i t i o n s means t h a t t h e plasma polymer 

d e p o s i t e d under two n o n - i d e n t i c a l c o n d i t i o n s c o u l d be comp­

l e t e l y d i f f e r e n t ; hence v a l i d a t i n g the p r e s e n t c o m p a r i s o n 

of t h e b e h a v i o u r of t he t e t r a m e t h y l group I V compounds i n a 

plasma f o r a d i r e c t c o m p a r i s o n of t he b e h a v i o u r of t he same 

compounds when c o p o l y m e r i z e d w i t h p e r f l u o r o b e n z e n e under 

i d e n t i c a l e x p e r i m e n t a l c o n s i d e r a t i o n s . The f i r s t h a l f of 

t h i s c h a p t e r d e s c r i b e s the r e s u l t s o b t a i n e d from a s t u d y of 

a c o m p o s i t i o n of t he polymers produced by t he plasma p o l y ­

m e r i z a t i o n of t he s i n g l e monomers. The second h a l f i n v e s t ­

i g a t e s t h e b e h a v i o u r o f t h e s e monomers when p o l y m e r i z e d i n 

a 1:1 r a t i o w i t h p e r f l u o r o b e n z e n e and examines i n some d e t a i l 

t h e i n f l u e n c e of m e t a l i n c o r p o r a t i o n i n t o plasma polymers on 

the s t r u c t u r e and bonding of the polymer as r e v e a l e d by ESCA. 

5.2 E x p e r i m e n t a l 

5.2.1 S i n g l e P o l y m e r i z a t i o n 

The r e a c t o r u s e d f o r t h i s s t u d y was t h e s h o r t 

r e a c t o r shown i n C h a p t e r Two, F i g u r e 2.1. Aluminium sub­

s t r a t e s were p l a c e d a l o n g a g l a s s s l i d e , w h i c h was i n s e r t e d 

i n t o t h e r e a c t o r , s u c h t h a t polymer samples were c o l l e c t e d 

from b e f o r e t h e c o i l ( 0 - l c m ) , i n t h e c o i l r e g i o n , (6-7cm 

from t h e i n l e t of t h e r e a c t o r ) and a t t h e end o f t h e r e a c t o r 

(19-20cm). 

A l l s a m p l e s were p l a c e d i n p o s i t i o n and then ex­

posed t o a 50w 0.2mb Argon plasma f o r 15 m i n u t e s t o h e l p 

' c l e a n ' t h e r e a c t o r and s u b s t r a t e s p r i o r t o d e p o s i t i o n . The 

o r g a n o m e t a l l i c monomer vapour was t h e n l e a k e d i n t o t h e r e a c t o r 

and i t s f l o w r a t e a d j u s t e d s u c h t h a t when u s i n g a plasma of 
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lOw, the W/FM p a r a m e t e r f o r a l l plasma p o l y m e r i z a t i o n s was 

i d e n t i c a l as f a r as was e x p e r i m e n t a l l y p o s s i b l e . The W/FM 
n 

v a l u e was a p p r o x i m a t e l y U.Lx 10 J / Kg 

A f t e r a d e p o s i t i o n time of t e n m i n u t e s , the r e ­

a c t o r was l e t up t o atmosphere w i t h Ar and the samples a n a l -

used by ESCA. A n g u l a r dependent s t u d i e s , i.e. u s i n g a 

v a r i a b l e e l e c t r o n t a k e - o f f a n g l e were c a r r i e d out on the 

f i r s t polymer sample (O-lcm) to check v e r t i c a l homogeneity. 

The monomers were s u p p l i e d by the f o l l o w i n g 

c o m m e r c i a l s o u r c e s : 

A l d r i c h - T e t r a m e t h y l T i n ( 9 9 % p u r i t y ) , T e t r a m e t h y i S i l a n e 

(99 .9%) 

Venton - T e t r a m e t h y l Germanium (99.5%) 

BDH - 2,2-Dimethylpropane (99%) 

B r i s t o l O r g a n i c s L t d . - P e r f l u o r o b e n z e n e (99.5%) 

A l l were c h e c k e d f o r p u r i t y by GLC and used 

w i t h o u t f u r t h e r p u r i f i c a t i o n . The f l o w r a t e s used f o r e a c h 

of t h e o r g a n o m e t a l l i e monomers were s u c h t h a t t h e w/FM p a r a ­

meter was c o n s t a n t t h r o u g h o u t . F o r a f u l l e r d e s c r i p t i o n of 

t h e e x p e r i m e n t a l p r o c e d u r e , t h e r e a d e r i s r e f e r r e d back t o 

t h e e x p e r i m e n t a l s e c t i o n i n C h a p t e r Two. 

5.2.2 C o p o l y m e r i z a t i o n 

E a c h monomer was l e a k e d i n d e p e n d e n t l y i n t o t h e 

r e a c t o r , m i x i n g of t h e two v a p o u r s o c c u r r e d through a ' Y' 

p i e c e j u s t b e f o r e t h e r e a c t o r end cap. The f l o w r a t e of the 

t e t r a m e t h y l compound was f i r s t s e t so t h a t i t matched t h e 

c o r r e s p o n d i n g f l o w r a t e i n the s i n g l e p o l y m e r i s a t i o n . P e r -

f l u o r o b e n z e n e vapour was t h e n l e t i n t o t h e system such t h a t 

t h e f l o w r a t e was doubled, i.e. t h e r e was a 1:1 r a t i o of t h e 
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two v a p o u r s . A l l o t h e r e x p e r i m e n t a l d e t a i l s were as b e f o r e . 

5.2.3 O p t i c a l E m i s s i o n 

The o p t i c a l e m i s s i o n a n a l y s i s were performed 

u s i n g t h e equipment d e s c r i b e d i n C h a p t e r Two. However, 

t h e t o t a l a c q u i s i t i o n time used was c u t down from 100 s e c . 

t o 15 s e c . - e a c h i n d i v i d u a l s c a n s t i l l b e i n g 20 msec. -

f o r t e t r a m e t h y l t i n and t e t r a m e t h y l t i n / p e r f l u o r o b e n z e n e 

p l a s m a s . 

5.3 R e s u l t s and D i s c u s s i o n 

5.3.1 T e t r a m e t h y 1 T i n (TMT) 

T y p i c a l c o r e l e v e l (C, , 0 n and Sn.., ) s o e c t r a 
i s i s 3as/2 

o b t a i n e d from a plasma polymer d e r i v e d from TMT a r e shown i n 

F i g u r e 5.1. A lthough the a b s o l u t e s t o i c h i o m e t r i e s de­

pended on sample p o s i t i o n , t h e peak shapes a r e a l l v e r y 

s i m i l a r i n p r o f i l e so o n l y 1 s e t a r e d e p i c t e d . 

The C ^ s e n v e l o p e c o n s i s t s of the one main photo-

i o n i s a t i o n peak a t 285.OeV due t o C-H, w i t h a s m a l l s h o u l d e r 

t o h i g h e r b i n d i n g energy c o n t a i n i n g components a r i s i n g from 

C-0 and C=0 m o i e t i e s w h i c h t o g e t h e r c o n t r i b u t e l e s s t h a n 4% 

of the t o t a l C, a r e a . 
I s 

The 0, l e v e l , a t o,532eV, i s a broad peak and I s 
c o n t a i n s peaks a r i s i n g from C-0 and C=0. Peak a n a l y s i s of 

t h e component peaks of the 0, e n v e l o p e have been attempted 

i n t h e p a s t , b u t due t o t h e s m a l l c h e m i c a l s h i f t s i n v o l v e d 

and t h e f a c t t h a t t h e o v e r a l l 0^ g peak shape i s more or l e s s 
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FIGURE 5.1 T y p i c a l core l e v e l s p e c t r a for plasma 

polymerized t e t r a m e t h y l t i n 

g aussian i n shape makes peak assignment ambiguous. The 

l e v e l of oxygen incorporation i s high as can be seen from 

the i n t e n s i t y of the core l e v e l i n Figure 5.1 and Table 5.1. 

Th i s i s i n agreement with the work c a r r i e d out 
32 

by I n a g a k i et al. The l e v e l of oxygen i n c o r p o r a t i o n i s 

much g r e a t e r than that found i n the plasma polymerization of 

organic systems, which g e n e r a l l y y i e l d f i l m s containing around 
33 

3 oxygen atoms for every 100 carbon atoms. Unlike the 
32 

previous study, however, there i s no d e t e c t a b l e nitrogen 

present i n the plasma polymer. 

The presence of oxygen i n the s u r f a c e of plasma 

polymers goes hand i n hand with plasma po l y m e r i z a t i o n . The 

r e a c t i v e s u r f a c e present a f t e r termination of the plasma, due 



134 

t o t r a p p e d r e a c t i v e species i n the c r o s s - l i n k e d network 

r e s u l t s i n an uptake o f C>2 by the sample as i t i s t r a n s f e r r e d 

t o t h e s p e c t r o m e t e r . There may a l s o be c o n t r i b u t i o n s due 

t o t h e presence of s m a l l leaks and t h e d e s o r p t i o n of oxygen 

sp e c i e s from t h e r e a c t o r w a l l s d u r i n g p o l y m e r i z a t i o n . 

The h i g h l e v e l o f oxygen i n the f i l m i n d i c a t e s 

TMT i s more r e a d i l y o x i d i z e d than the a r o m a t i c p e r f l u o r o -

carbons (whose plasma polymers c o n t a i n around C-̂ : 0^ ^ ) . 

T h i s c o u l d be e x p l a i n e d by t h e e x t r e m e l y low energy of t h e 
- 1 35 

Sn-C bond (272 k J mol ) and i t s h i g h s u s c e p t i b i l i t y 

towards h o m o l y t i c s c i s s i o n . TMT under plasma c o n d i t i o n s 

may t h e r e f o r e , be able t o produce many more r a d i c a l s i t e s 

r e s u l t i n g i n a much h i g h e r oxygen i n c o r p o r a t i o n . 

The oxygen t o carbon r a t i o seems t o f o l l o w t h e 

t i n t o carbon r a t i o , i.e. a t t h e i n l e t o f t h e r e a c t o r t h e 

f i l m i s p a r t i c u l a r l y r i c h i n t i n , i t i s from t h i s area t h a t 

t h e h i g h e s t oxygen c o n t e n t i s a l s o found. The sample t a k e n 

from t h e end o f t h e r e a c t o r has t h e l o w e s t l e v e l o f oxygen 

i n c o r p o r a t i o n , and a l s o has t h e l o w e s t l e v e l o f t i n . Thus 

t h e Sn/C r a t i o i s n o t c o n s t a n t t h r o u g h o u t t h e r e a c t o r . F i l m s 

h i g h i n t i n c o n t e n t are d e p o s i t e d a t t h e f r o n t end of t h e r e ­

a c t o r whereas carbon e n r i c h e d f i l m s are d e p o s i t e d a t t h e o t h e r 

end. The s t o i c h i o m e t r y o f t h e s t a r t i n g m a t e r i a l (C^:Sn Q 

i s r e t a i n e d i n t h e sample t a k e n from t h e c o i l r e g i o n , whereas 

t h e minimum and maximum observed v a l u e s f o r Sn/C are found t o 

be l o w e r and h i g h e r r e s p e c t i v e l y t h a n t h e Sn/C v a l u e o f t h e 

s t a r t i n g monomer, t e t r a m e t h y l t i n , see Table 5.1. 
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TABLE 5.1 T i n t o carbon and oxygen t o carbon area r a t i o s 
as a f u n c t i o n o f d i s t a n c e i n the r e a c t o r 

P o s i t i o n 
0-lcm ( c o i l r e g i o n ) 

6-7 cm 
19-20 cm T0A 

3d5/2 ~1S 

3.87 2.42 1.88 35° 
3d5/2 ~1S 

S n 3 d / C l s 1.90 70° 

0, /C. I s ' I s 0.63 0.48 0. 39 35° 

The plasma p o l y m e r i z a t i o n o f t e t r a m e t h y l t i n has been 

found t o produce s e m i - c o n d u c t i n g polymer samples. The t i n 

c o n t e n t o f t h e polymer f i l m can be i n c r e a s e d , w i t h a r e ­

s u l t a n t i n c r e a s e i n c o n d u c t i v i t y , by h a v i n g a s t e a d y , b u t 

s m a l l f l o w o f oxygen w i t h t h e TMT vapour. I n t h e plasma 

t h e oxygen o x i d i s e s t h e carbon fragments t o C O 2 and CO which 

are t h e n l o s t as exhaust gases. ^ e 

The Sn s i g n a l c o n s i s t s o f a d o u b l e t a t 487.1 and 495.5eV 

c o r r e s p o n d i n g t o t h e s i g n a l s from t he Sn.,, and Sn_ , 
3 d 5 / 2

 3Q3/2 

l e v e l s r e s p e c t i v e l y . T h i s d o u b l e t a r i s e s f r o m s p i n - o r b i t 

c o u p l i n g . 

I n t h e p h o t o i o n i s a t i o n f r o m an o r b i t a l o f o r b i t a l quantum 

number (1) g r e a t e r t h a n 0 (i.e. n o t from an S o r b i t a l ) coup­

l i n g occurs between t h e s p i n (S) and o r b i t a l a n g u l a r momentum 

(L) t o y i e l d t o t a l momenta (J) r e s u l t i n g i n t h e peak appear­

i n g as a d o u b l e t i n t h e ESCA spectrum. Up t o t h e l a n t h a n i d e s 

t h e Russell-Saunders c o u p l i n g scheme i s a p p l i c a b l e (L+S=J); 

t h i s i s v a l i d when s p i n - o r b i t c o u p l i n g i s weak compared w i t h 

e l e c t r o s t a t i c i n t e r a c t i o n s . The r a t i o o f i n t e n s i t i e s o f the 

components o f t h e d o u b l e t o b t a i n e d i n t h e ESCA spectrum are 
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p r o p o r t i o n a l t o t h e r a t i o o f t h e degeneracies (2J+1) of t h e 

s t a t e s . Thus t h e r e l a t i v e i n t e n s i t i e s of t h e s t a t e s a r i s i n g 

from a d l e v e l ( o r b i t a l quantum number = 1) g i v e s a t o t a l 

quantum number of ^^2 and 3 / /2 g i v i n g r i s e t o an i n t e n s i t y 

r a t i o of 2:3. 

A l l c a l c u l a t i o n s are based on the area of t h e Sn,, 
3 d 5 / 2 

peak. Owing t o t h e s m a l l d i f f e r e n c e s i n b i n d i n g energy 

between Sn-C and Sn-0 environments i t i s n o t p o s s i b l e t o 

d i s t i n g u i s h between them t o p r o v i d e an unambiguous a s s i g n ­

ment o f the amount of t i n o x i d e p r e s e n t from t h e Sn^^ l e v e l . 

A l t h o u g h some o f t h e oxygen may be a t t r i b u t e d t o t h e C^g 

envelope, t h e i n t e n s i t y o f t h e c o r e l e v e l i s such t h a t t i n 

o x i d e i s a l s o p r e s e n t . However t h e r e i s n o t enough oxygen 

p r e s e n t i n the polymer f i l m t o account f o r a l l o f t h e t i n 

b e i n g p r e s e n t as t i n o x i d e . T h i s i m p l i e s t h a t t h e r e s t o f 

the t i n i s e i t h e r p r e s e n t as e l e m e n t a l m e t a l or t h a t Sn-C 

bonds have been r e t a i n e d i n t h e plasma polymer. I t i s un­

l i k e l y t h a t e l e m e n t a l t i n i s p r e s e n t from t h e b i n d i n g energy 
3 6 

of t h e Sn core l e v e l , t h i s would occur a t ^484.5eV. The 

f a c t t h a t t h e b i n d i n g energy i s some 3eV h i g h e r suggests t h a t 

t h e r e are some o r g a n i c - t i n bonds i n t h e polymer. 

I t i s t e m p t i n g t o a s s i g n t h e lower b i n d i n g energy peak 

i n t h e S n ^ c o r e l e v e l as a r i s i n g from t h e m e t a l . I n f a c t , 

t h e b i n d i n g energy o f t h i s peak i s s t i l l t o o h i g h t o be due 

t o t h e m e t a l . By d o i n g a c o l d probe e x p e r i m e n t , i.e. c o o l i n g 

the probe i n t h e s p e c t r o m e t e r down t o -130°C and t h e n conden­

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

l e v a n t core l e v e l s , i t i s apparent t h a t t h i s s m a l l e r peak i s 

an i n t e g r a l p a r t o f t h e spectrum o f t h e S n ^ core l e v e l . The 
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S n ^ core l e v e l cannot be f i t t e d w i t h one gaussian peak. 

As f u r t h e r evidence t h a t t h e plasma polymer f i l m c o n t a i n s 

Sn-C bands, t h e b i n d i n g energy of the Sn core l e v e l i n 

the condensed o r g a n o m e t a l l i c monomer occurs a t 487 = 5eV\ 

I n a g a k i et al has looked a t t h e i n f r a r e d spectrum o f 
32 . 

plasma p o l y m e r i z e d t e t r a m e t n y i t m by d e p o s i t i n g t n e poxymer 

i n t o KBr powder s p r i n k l e d t h i n l y on a p l a t e p l a c e d i n s i d e 

the r e a c t o r . T h i s polymer coated KBr was the n used t o p r e ­

pare a KBr d i s c . A b s o r b t i o n s due t o CH^, CH 2, CH, Sn-O-Sn 
32 

and Sn-C groups were fo u n d . The p o s s i b i l i t y o f Sn-Sn 

bands was not e l i m i n a t e d s i n c e t h e spectrum i n t h e range 

(^200 cm ^) was n o t examined. 

Kny et al have l o o k e d a t t h e i n t e r f a c e c o m p o s i t i o n and 

adhesion^"'" 3 o f glow d i s c h a r g e formed o r g a n o t i n polymers 

u s i n g polymer samples from a m o n o b u t y l t r i v i n y 1 t i n plasma 

d e p o s i t e d onto aluminium and s t a i n l e s s s t e e l . A 3eV 

s p l i t t i n g and s h i f t o f the Sn.-, ESCA peak was n o t i c e d . 
i a 5 / 2 

T h i s i m p l i e d a changing c h e m i c a l environment f o r Sn and t h e 

au t h o r s concluded t h a t a s t r o n g l y e l e c t r o n e g a t i v e element was 

a t t a c h e d t o Sn i n t h e i n t e r f a c e r e g i o n between alu m i n i u m and 

plasma polymer. From t h e h i g h amount o f oxygen observed a t 

t h i s i n t e r f a c e r e g i o n t h e y suggested t h a t t h e bon d i n g o f 

Sn-oxygen was v e r y l i k e l y . The c o m p o s i t i o n a t t h i s i n t e r f a c e 

was shown t o be dependent on sample p o s i t i o n w i t h i n t h e r e ­

a c t o r d u r i n g d e p o s i t i o n . These r e s u l t s , however, were reached 

by e x a m i n a t i o n o f t h e s u b s t r a t e - p l a s m a polymer composite a f t e r 

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

a t h i n r e s i d u a l f i l m l e f t on t o p o f t h e s u b s t r a t e . I t was 

t h i s t h i n f i l m t h a t was s u b j e c t t o an ESCA d e p t h p r o f i l e u s i n g 

Ar ion e t c h i n g . Two i m p o r t a n t p o i n t s are r a i s e d c o n c e r n i n g 
t h i s approach: 
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F i r s t l y , t he f r e s h l y r e v e a l e d s u r f a c e i s not t h e i n t e r ­

f a c e . Only an a c c u r a t e a n a l y s i s o f the i n t e r f a c e can be 

achieved when a v e r y t h i n f i l m i s d e p o s i t e d onto t h e sub­

s t r a t e such t h a t t h e s u b s t r a t e i s s t i l l ' v i s i b l e ' t o ESCA. 

Th i s has been examined i n Chapter Seven d u r i n g t h e p h o t o p o l y -

m e r i z a t i o n of p e r f l u o r o b e n z e n e onto A l f o i l s u b s t r a t e s . 

Secondly, due t o the d i f f e r e n t i a l s p u t t e r i n g y i e l d s and 

p o s s i b l e damage t o t h e plasma polymer caused by t h e Ar i o n s , 

g r e a t care has t o be t a k e n i n i n t e r p r e t i n g d a t a which i n -
31 

v o l v e s depth p r o f i l i n g by t h i s method. From Knys' r e s u l t s 

t h e amount of oxygen i n c r e a s e d d r a m a t i c a l l y as e t c h i n g p r o ­

ceeded towards t h e i n t e r f a c e , as d i d t h e amount o f aluminium. 

P r i o r t o d e p o s i t i o n t h e aluminium samples were p r e c l e a n e d w i t h 

a low power argon plasma which h i n d e r s t h e " i n t e r p r e t a t i o n o f 

these r e s u l t s . The problem a r i s e s from t h e l a c k o f r e p o r t e d 

knowledge c o n c e r n i n g t h e s t a t e o f t h e s u r f a c e of t h e sub­

s t r a t e , i.e. whether t h e argon plasma had removed a l l t h e 

o x i d e l a y e r . I f t h e argon plasma d i d n o t remove t h e o x i d e 

l a y e r , then the o b s e r v a t i o n o f an i n c r e a s e d amount o f oxygen 

a t the i n t e r f a c e i s n o t unexpected. The s i g n a l from t i n 

decreased r a p i d l y w i t h t i m e . 

As has been p o i n t e d o u t i n Chapter Two, t h e c o m p o s i t i o n 

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

t h e r e a c t o r and whether d e p o s i t i o n o c c u r r e d i n t h e glow o r 

non glow r e g i o n . A l l samples examined here were d e p o s i t e d i n 

t h e 'glow r e g i o n ' , as t h e v i s i b l e glow from the plasma f i l l e d 

t h e whole o f t h e r e a c t o r . F u r t h e r , a f t e r a 10 minute depos­

i t i o n p e r i o d a l l f i l m t h i c k n e s s e s were such t h a t t h e a l u m i n ­

ium s u b s t r a t e was n o t ' v i s i b l e ' . Q u a l i t a t i v e l y , t h e r a t e o f 

d e p o s i t i o n a l s o v a r i e d w i t h d i s t a n c e from t h e i n l e t , t h e 
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g r e a t e s t r a t e of f i l m f o r m a t i o n b e i n g found i n t h e c o i l r e g i o n 

as seen by t h e t h i c k e r f i l m on t h e r e a c t o r w a l l s i n t h i s r e g i o n . 

T h i s i s i n agreement w i t h o t h e r i n v e s t i g a t i o n s s t u d y i n g t h e 
31 

plasma polymer of t e t r a m e t h y l t i n . 

By v a r y i n g t h e e l e c t r o n t a k e - o f f angle t o 7 0 ° , s u r f a c e 

f e a t u r e s of t h e plasma polymer are enhanced. Such a s t u d y 

on t h e sample t a k e n from the c o i l r e g i o n r e v e a l e d t h a t t h e r e 

was a 'decreased' amount of t i n p r e s e n t i n t h e s u r f a c e 

(C-^:SnQ 2Q c./. C^tSn^ ^) A decrease i n t h e t i n s i g n a l on 

g o i n g t o h i g h e r e l e c t r o n t a k e - o f f angles c o u l d be the r e s u l t 

o f t h e presence o f a hydrocarbon o v e r l a y e r c o n t a m i n a n t . The 

s i g n a l d e r i v e d from t h e s u b s t r a t e t h r o u g h an o v e r l a y e r w i l l 

be a t t e n u a t e d . [The a t t e n u a t i o n e x p e r i e n c e d depends s t r o n g l y 

on t h e k i n e t i c energy o f t h e p h o t o e m i t t e d e l e c t r o n ; as a r e ­

s u l t o f the d i f f e r e n t sampling depths f o r t h e v a r i o u s core 

l e v e l s , a l a r g e r mean f r e e p a t h and hence ESCA sampling d e p t h -

r e l a t e d t o k i n e t i c energy - w i l l r e s u l t i n a s m a l l e r a t t e n -
37 

u a t i o n due t o an o v e r l a y e r . ] T h i s decrease i n t h e t o t a l 

amount o f m e t a l p r e s e n t when u s i n g a 70° T a k e - o f f angle com­

pared w i t h 35° has a l s o been observed i n t h e plasma p o l y m e r i z ­

a t i o n s o f t e t r a m e t h y 1 germanium, and t e t r a m e t h y l s i l a n e . 

5.3.2 T e t r a m e t h y l Germanium (TMG) 

T y p i c a l C^g, and Ge^^ core l e v e l s p e c t r a 

from plasma p o l y m e r i z e d t e t r a m e t h y l germanium are shown i n 

F i g u r e 5.2. As w i t h the plasma p o l y m e r i z a t i o n o f t e t r a ­

m e t h y l t i n , a b s o l u t e s t o i c h i o m e t r i e s depend on sample p o s i t i o n 

i n t h e r e a c t o r . Since peak p r o f i l e s remain c o n s t a n t , w i t h 

o n l y t h e r e l a t i v e i n t e n s i t i e s changing o n l y t h e one s e t o f 

c ore l e v e l s p e c t r a are shown. 
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TMG A 
J 

x 1-9 x 1 

285 535 530 35 30 

BINDING ENERGY / t V 

FIGURE 5.2 T y p i c a l core l e v e l s p e c t r a for plasma polymerized 
tetramethyl t i n germanium 

The C, core l e v e l c o n s i s t s of the one main photoionisation I s 
peak at 285.OeV due to carbon not bonded to oxygen or 

nitrogen, i.e. C-H. The sample taken from the c o i l region 

d i s p l a y e d a very small amount of C-O, s h i f t e d 1.8eV to higher 

binding e n e r g i e s , about 3% of the t o t a l area of the C^ s« Th i s 

s m a l l shoulder was not v i s i b l e to the eye and was only apparent 

on peak f i t t i n g . 

The 0, s i g n a l i s present at a binding energy of ^533eV. x s 
T h i s contamination, most l i k e l y to a r i s e from o x i d a t i o n of 

the sample on being t r a n s f e r r e d to the spectrometer, has been 

d i s c u s s e d i n g r e a t e r d e t a i l i n the s e c t i o n on t e t r a m e t h y l t i n . 

The binding energy of the Ge-C bond, however, i s s l i g h t l y 

stronger than the Sn-C band by MOkJ mol * which g i v e s the 
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Ge-C bond an energy o f 318kJ mol . T h i s d i f f e r e n c e i n 

bond s t r e n g t h may be r e l a t e d t o t h e amount o f f r a g m e n t a t i o n 

o f t h e two compounds i n a plasma r e s u l t i n g i n a g r e a t e r 

amount o f fragmented, o x i d i s a b l e m e t a l s p e c i e s i n a TMT 

plasma, which would then be r e f l e c t e d i n t h e oxygen c o n t e n t 

of t h e d e p o s i t e d polymer f i l m . I n f a c t , t h e 0:C r a t i o i n 

th e TMT plasma polymer i s more th a n a f a c t o r o f two g r e a t e r 

t h a n t h a t i n t h e TMG d e r i v e d polymer. However, t h e d i f f e r ­

ence i n bond energy i s s m a l l and would n o t be expected t o 

account f o r t h e d i f f e r e n c e s observed. T h i s would t e n d t o 

suggest t h a t t h e r e are o t h e r f a c t o r s c o n t r o l l i n g t h e behav­

i o u r o f a compound i n a plasma. 

As was t h e case w i t h t h e plasma polymer from TMT, t h e 

amount o f oxygen p r e s e n t i n t h e f i l m d e r i v e d from TMG v a r i e d 

w i t h p o s i t i o n . U n l i k e t h e former m a t e r i a l , t h e amount o f 

oxygen i n c o r p o r a t i o n was g r e a t e s t i n t h e sample t a k e n from 

th e c o i l r e g i o n and showed t h e l e a s t amount o f oxygen i n t h e 

sample from t h e O-lcm p o s i t i o n , see Tables 5.2 and 5.3. 

The germanium t o carbon s t o i c h i o m e t r y i n the plasma p o l y ­

mer (Ge^^=30.8eV b i n d i n g energy) shows t h e same t r e n d as t h a t 

e x h i b i t e d by t h e o r g a n o t i n polymer. Namely on p r o g r e s s i n g 

down the l e n g t h o f t h e r e a c t o r t h e r e i s a d e c r e a s i n g amount o f 

m e t a l p r e s e n t i n t h e polymer f i l m . 
TABLE 5.2 Germanium t o carbon and oxygen t o carbon area r a t i o s 

o f t h e polymer as a f u n c t i o n o f d i s t a n c e i n t h e r e a c t o r 

P o s i t i o n 

0-1 cm 
c o i l r e g i o n 

6-7 cm 19-20 cm TOA 

G e 3 d / C l s 0.65 0.64 0.43 35° 
G e 3 d

/ C l s 
°ls / Cls 0.13 

0.43 
0.18 0.18 

70° 
35° 
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The observed germanium 3d s i g n a l a c t u a l l y a r i s e s from 

the p h o t o i o n i s a t i o n from two d i f f e r e n t s t a t e s - Ge,., and 
J a 5 / 2 

He - - • However- t h e e n e r i v seoai'a^'i^n hptween these two 
J a 3 / 2 

s t a t e s (which a r i s e s from s p i n - o r b i t c o u p l i n g ) i s s m a l l r e ­

s u l t i n g i n t h e appearance o f an u n r e s o l v e d s i n g l e peak. 

From an a n a l y s i s of the Ge.^ core l e v e l , F i g u r e 5.2, two 

component peaks are p r e s e n t . The f i r s t a t 30.8eV i s due t o 

m e t a l t o carbon bonds and accounts f o r 85.5% o f t h e t o t a l 

Ge^d s i 9 n a l - A s w i t h t h e t e t r a m e t h y 1 t i n polymer, i t i s v e r y 

u n l i k e l y t h a t t h i s peak i s due t o e l e m e n t a l m e t a l . A l t h o u g h 

i n t h i s i n s t a n c e , t h e energy s h i f t between m e t a l and m e t a l -

carbon peaks i s much s m a l l e r (^l.OeV), i t s h o u l d s t i l l be 

l a r g e enough t o d e t e c t t h e presence o f any germanium m e t a l . 

The h i g h e r b i n d i n g energy peak, a t 32.2eV, accounts f o r 

<20% o f t h e t o t a l area. T h i s peak i s l i k e l y t o be due t o 

some form o f germanium o x i d e (which are s h i f t e d about 1•5eV 

t o h i g h e r b i n d i n g e n e r g i e s from t h e organogermanium p e a k ) . 

The percentage area o f t h i s peak ( o f t o t a l G e ^ area) shows 

a c o r r e l a t i o n w i t h t h e amount o f oxygen i n c o r p o r a t i o n , i.e. 

i n t h e c o i l r e g i o n where maximum oxygen i n c o r p o r a t i o n t a k e s p i 

t h i s h i g h e r b i n d i n g energy peak i s a l s o a t i t s g r e a t e s t i n ­

t e n s i t y . These v a l u e s are shown i n Table 5.3. 

TABLE 5.3 Percentage area o f h i g h b i n d i n g energy Ge^^ peak 
and m e t a l t o carbon peak area r a t i o s as a f u n c t i o n 
o f d i s t a n c e compared w i t h 0, t o C, area r a t i o s c I s I s 

P o s i t i o n 
TOA 

0-1 cm 
c o i l r e g i o n 

6-7 cm 19-20 cm 
TOA 

High B.E. G e 3 d 17. 3% 17.3% 14.5% 35° High B.E. G e 3 d 

18.5% 70° 

°ls/ Cls 0.13 0.18 0.15 35° 
G e 3 d / C l s 0.10 0.11 0.08 35° 
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I t i s a l s o apparent from t h e r a t i o o f t h i s h i g h b i n d i n g 

energy m e t a l peak t o oxygen ( r o u g h l y a 1:1 r a t i o o f m e t a l t o 

oxygen - Table 5.3) t h a t t h e r e i s n o t enough oxygen p r e s e n t 

t o account f o r GeC>2 i f t h e f i l m i s v e r t i c a l l y homogeneous 

w i t h i n t h e samplin g depth o f the m e t a l . 

I t has been r e p o r t e d t h a t t h e plasma p o l y m e r i z a t i o n o f 
39 

TMG r e s u l t e d i n a r e l e a s e o f germanium m e t a l such t h a t 

m e t a l was i n c o r p o r a t e d i n t o t h e growing polymer f i l m t h r o u g h 

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

c r o s s l i n k e d metwork. Upon exposure t o atmosphere, t h e 

germanium m e t a l p r e s e n t i n t h e topmost l a y e r s o f t h e polymer 

f i l m was o x i d i s e d t o germanium d i o x i d e . The m e t a l p r e s e n t 

i n t h e ' b u l k ' o f th e polymer f i l m was u n a f f e c t e d and remained 

as germanium m e t a l . 

T h i s r e s u l t i s n o t i n agreement w i t h t h e p r e s e n t d a t a , 

as p r e v i o u s l y p o i n t e d o u t t h e r e i s n o t enough oxygen p r e s e n t 

i n t h e polymer f i l m t o account f o r m e t a l d i o x i d e f o r m a t i o n . 

However, oxygen i n c o r p o r a t i o n does seem t o be a s s o c i a t e d w i t h 

t h e amount o f m e t a l p r e s e n t i n t h e polymer - Table 5.2. As 

a l r e a d y d i s c u s s e d w i t h t h e TMT plasma polymer, t h e v a r i a t i o n 

i n m e t a l c o n t e n t w i t h d i s t a n c e i s r e f l e c t e d i n t h e change i n 

oxygen c o n t e n t o f t h e polymer, i.e. t h e f i l m w i t h g r e a t e s t 

m e t a l c o n t e n t a l s o shows t h e g r e a t e s t amount o f oxygen i n c o r ­

p o r a t i o n . 

From IR s t u d i e s c a r r i e d o u t on polymers d e r i v e d f r o m 
39 

TMG, I n a g a k i et al p o s t u l a t e d t h e presence o f Ge-O-Ge and 

Ge-O-C bonds as w e l l as Ge-CH^, Ge-H and Ge-C f u n c t i o n a l i t i e s . 

(The e x i s t e n c e o f Ge-Ge groups i n t h e polymer f i l m c o u l d n o t 

be d e t e r m i n e d due t o t h e l i m i t a t i o n s o f t h e sp e c t r o m e t e r used) 
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This i s i n c o n s i s t e n t w i t h t h e c o n c l u s i o n p u t f o r w a r d by t h e 

same a u t h o r t h a t t h e germanium was p r e s e n t as Ge i n t h e b u l k 

and GeC^ a t t h e s u r f a c e . Since IR s t u d i e s are n o t s u r f a c e 

f e a t u r e o r i e n t a t e d , t h e presence o f Ge-O-C bands i n the IR 

spectrum i n d i c a t e s t h e presence o f Ge-O-C groups i n t h e b u l k 

of t h e polymer f i l m . This f e a t u r e seems t o have been i g n o r e d , 

or f o r g o t t e n , by t h e a u t h o r s when they a r r i v e d a t t h e i r con­

c l u s i o n as t o t h e s t a t e o f t h e m e t a l i n the polymer f i l m . 

Since t h e presence o f Ge02 i s r u l e d o u t by t h e i n s u f f i c ­

i e n t c o n c e n t r a t i o n o f oxygen i n t h e f i l m , t h e peak a t 32.2eV 

cannot be due t o th e a i r o x i d a t i o n o f t r a p p e d e l e m e n t a l m e t a l 

i n t h e polymer m a t r i x . The v e r t i c a l homogeneity o f t h e p o l y ­

mer sample i s demonstrated t o a l a r g e e x t e n t by t h e l a c k o f 

change o f i n t e n s i t y o f the h i g h b i n d i n g energy Ge peak on go i n g 

t o a h i g h e r e l e c t r o n t a k e - o f f angle - Table 5.3. However, t h e 

l a r g e sampling d e p t h o f t h e G e ^ core l e v e l means t h a t ESCA 

a n a l y s i s a t a 70° t a k e - o f f a ngle i s n o t as s u r f a c e s e n s i t i v e 

as f o r C, and 0, core l e v e l a n a l y s i s . I s I s 2 

The above d a t a may t e n d t o suggest t h a t t h e h i g h e r b i n d i n g 

energy peak a r i s e s from metal-oxygen-carbon f u n c t i o n a l i t i e s 

p r e s e n t t h r o u g h o u t t h e sampling d e p t h . The p r e s e n t data from 

th e C^s core l e v e l does n o t r e a l l y s u p p o r t t h i s . The peak 

a t 286.6eV i s o n l y a v e r y s m a l l p r o p o r t i o n o f t h e t o t a l area 

o f t h e C, spectrum ( ^ 3 % ) . T h e r e f o r e i f t h i s peak a r i s e s from 

Ge-O-C, t h i s g r o u p i n g cannot be a v e r y s i g n i f i c a n t f e a t u r e 

w i t h i n t h e plasma polymer. However, t h e c h e m i c a l s h i f t o f 

the Ge-O-C carbon i n t h e C^s envelope may be such t h a t i t i s 

i n d i s t i n g u i s h a b l e from t h e hydrocarbon component peak. I n 

view o f t h e l i m i t e d amount o f d a t a a v a i l a b l e , c o n c l u s i v e e v i d ­

ence about t h e e x i s t e n c e o f t h i s f u n c t i o n a l i t y d e r i v e d f r o m 



19 5 

the a v a i l a b l e ESCA d a t a , can not be p u t f o r w a r d . From 

th e s i g n i f i c a n t c o n t r i b u t i o n o f th e h i g h b i n d i n g energy G e ^ 

peak t o th e o v e r a l l i n t e n s i t y o f the m e t a l core l e v e l i n 

comparison w i t h t h e v e r y low c o n c e n t r a t i o n o f th e h i g h b i n d i n g 

energy C, peak i t i s u n l i k e l y t h a t t h e two are d i r e c t l y r e -X s 
l a t e d . 

From Table 5.2 i t i s apparent t h a t t h e m e t a l t o carbon 

s t o i c h i o m e t r y o f t h e s t a r t i n g m a t e r i a l has no t been r e t a i n e d 

i n a l l o f t h e polymer samples. I n th e c o i l r e g i o n , t h e 

amount o f m e t a l i n th e polymer i s 30% g r e a t e r t h a n t h a t ex­

pected from t h e s t o i c h i o m e t r y o f th e p a r e n t monomer, and i s 

s i m i l a r t o t h e sample taken from t h e 0-1 cm p o s i t i o n . However 

the sample t a k e n from t h e t a i l r e g i o n o f t h e r e a c t o r does 

appear t o have t h e expected m e t a l c o n s t a n t , i.e. 1 germanium 

atom f o r e v e r y 4 carbon atoms. Thus i t can be seen t h a t t h e r e 

has been carbon d e p l e t i o n i n t h e plasma p o l y m e r i z a t i o n p r o ­

cess r e s u l t i n g i n th e d e p o s i t i o n o f f i l m s which are m o s t l y 

r i c h i n m e t a l compared t o t e t r a m e t h y l germanium. A n g u l a r 

dependent s t u d i e s r e v e a l t h a t , as w i t h the polymer f r o m TMT, 

on i n c r e a s i n g t h e t a k e - o f f a n g l e , t h e t o t a l amount o f germanium 

p r e s e n t has decreased. This r e d u c t i o n i s p r o b a b l y a s s o c i a t e d 

w i t h t h e presence o f a hydrocarbon o v e r l a y e r which has caused 

an a t t e n u a t i o n o f t h e germanium s i g n a l . 

I n t h e ESCA s t u d i e s on t h e plasma p o l y m e r i z a t i o n o f TMT 
39 

by I n a g a k i et al, a s m a l l amount o f n i t r o g e n was found t o 

be p r e s e n t i n th e polymer. T h i s i s n o t t h e case i n t h e p r e ­

sent s t u d y , as w i t h aluminium, t h e r e were no d e t e c t a b l e s i g n a l s 

p r e s e n t i n scans o f t h e r e l e v a n t core l e v e l b i n d i n g e n e r g i e s . 

39 
The c a l i b r a t i o n method used by I n a g a k i et al i n t h e i r 
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ESCA s t u d i e s i s by r e f e r e n c e t o t h e g o l d 4f core l e v e l a t 

84.0eV. T h i s was a c h i e v e d by vacuum d e p o s i t i o n of t r a c e 

amounts of g o l d on t o the s u r f a c e o f t h e polymer sample b e f o r e 

a n a l y s i s . However, t h i s method o f energy c a l i b r a t i o n i s 

not t o be recommended. The presence o f t h e m e t a l can cause 

d i f f e r e n t i a l c h a r g i n g o f t h e sample s u r f a c e which can l e a d 

t o a b r o a d e n i n g o f t h e peaks and i n i t s extreme cause two 

s e p a r a t e peaks t o appear. There i s a l s o t h e v e r y r e a l f e a r 

of damage t o t h e polymer s u r f a c e when i t i s h i t by the g o l d 

atoms, e i t h e r t h r o u g h c h e m i c a l r e a c t i o n s or p h y s i c a l s p u t t e r i n g . 

5.3.3 Tetramethyl S i l a n e (TMS) 

T y p i c a l peak p r o f i l e s of the C ^ g / 0^ s and S ^ p 

core l e v e l s obtained from plasma polymerized TMS are shown 

i n F i g u r e 5.3. 
TMS 

x 6 2 x 2 6 

535 530 105 100 

BINDING ENERGY / eV 

FIGURE 5.3 T y p i c a l core l e v e l s p e c t r a for plasma polymerized 
t e t r a m e t h y l s i l a n e 



197 

As might be expected, t h e C, envelope c o n s i s t s m a i n l y 

of t h e p h o t o i o n i s a t i o n peak a t 285.OeV due t o carbon bonded 

t o hydrogen. There i s a v e r y s m a l l peak CM% of the t o t a l 

area o f the C, envelope) a t h i g h e r b i n d i n g e n e r g i e s ('vl.8eV x s 
s h i f t e d ) . From a comparison o f the amount o f c o v a l e n t s i l i c o n 

w i t h the i n t e n s i t y o f the h i g h e r b i n d i n g energy C^s peak i t 

i s a p p a r e n t t h a t t h e l a t t e r does n o t a r i s e from C-Si. I n 

f a c t e x p e r i m e n t a l d a t a has shown t h a t due t o t h e low e l e c t r o ­

n e g a t i v i t y of s i l i c o n t h e c h e m i c a l s h i f t induced i n t h e s i g n a l 

a r i s i n g from C-Si i s such t h a t i t i s s h i f t e d b y < 1 eV from CH 
40 

i n t h e envelope. The h i g h b i n d i n g energy C^s peak 

can t h e r e f o r e be a s s i g n e d t o t h e presence o f C-0 f u n c t i o n a l ­

i t i e s . 
The 0, c o r e l e v e l i s a t a b i n d i n g energy o f 533.3eV. I s 

As w i t h t h e two p r e v i o u s compounds, TMT and TMG, t h e plasma 

p o l y m e r i z a t i o n o f TMS r e s u l t s i n a polymer which has s l i g h t 

v a r i a t i o n s i n t h e oxygen c o n t e n t depending on t h e p o s i t i o n 

o f t h e sample. The h i g h e s t oxygen c o n t e n t i s seen i n t h e 

sample t a k e n f r o m t h e c o i l r e g i o n (Table 5.4). As w i t h t h e 

polymer from TMG, however, oxygen i n c o r p o r a t i o n i s below 1 

oxygen f o r every 10 carbons. T h i s i s n o t t h e case f o r t h e 

m a t e r i a l d e r i v e d f r o m TMT, i n t h i s polymer oxygen v a r i e s 

between 2 t o 3.5 f o r e v e r y 10 carbons. 

As w i t h t h e germanium core l e v e l , t h e s i l i c o n core 

l e v e l ( a t a b i n d i n g energy of 101.05eV) c o n s i s t s o f two peaks 

a r i s i n g f rom t h e S i - and Si» s t a t e s - whose energy 
^ P3/2 ^ P l / 2 

s e p a r a t i o n i s such t h a t o n l y one apparent peak appears i n 

t h e s p e c t r a . The main p h o t o i o n i s a t i o n peak, due t o Si-C 

( e l e m e n t a l s i l i c o n has a b i n d i n g energy o f ^99eV), accounts 
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TABLE 5.4 0, t o C, and S i _ t o Cn area r a t i o s o f t h e i s I s 2p I s 
polymer as a f u n c t i o n o f d i s t a n c e i n t h e r e a c t o r 

P O S i t i O u 
c o i l r e g i o n T0A 

0-1 cm 6-7 cm 19-20 cm 

0, / c . 
I s ' I s 

0.13 0. 17 0. 15 35° 

Si„ /C, 2p- I s 
0.36 70° 

Si„ /C, 2p/ I s 0.43 0. 40 0. 39 35° 

f o r 85+% o f t h e t o t a l Si„ area and a s m a l l s h o u l d e r s h i f t e d 
2p 

1.5eV t o h i g h e r b i n d i n g e n e r g i e s , t o 103.55eV. T h i s c o r r e s ­

ponds t o o x i d i s e d s i l i c o n . Once a g a i n , i f t h e i n t e n s i t y o f 

t h e h i g h e r b i n d i n g energy s i l i c o n peak i s compared w i t h t h e 

amount o f oxygen i n c o r p o r a t i o n i n t o t h e polymer, as w i t h t h e 

polymer from TMG, t h e r e i s a d i r e c t c o r r e l a t i o n between t h e 

two : An i n c r e a s e d i n t e n s i t y o f t h e s i 2 p P e a^ i n d i c a t e d an 

i n c r e a s e d amount o f oxygen i n t h e plasma f i l m . On g o i n g t o a 

70° T a k e - o f f a n g l e , t h e i n t e n s i t y o f t h e peak i n c r e a s e s 

s l i g h t l y ( f r o m 12-13%) d e m o n s t r a t i n g t h e f a c t t h a t t h e r e i s a 

g r e a t e r amount o f o x i d a t i o n o f s i l i c o n i n t h e s u r f a c e o f t h e 

plasma polymer t h a n i n t h e b u l k . The s i l i c o n t o carbon 

s t o i c h i o m e t r y a t t h i s h i g h e r t a k e - o f f angle i n d i c a t e s t h a t 

t h e r e i s a reduced amount o f s i l i c o n i n t h e s u r f a c e , see 

Tab l e 5.4, t h i s i s p r o b a b l y due t o hydrocarbon on the s u r f a c e 

o f t h e plasma polymer. 

From Table 5.4 i t i s c l e a r t h a t t h e atomic r a t i o o f t h e 

s t a r t i n g monomer i s n o t r e t a i n e d i n the plasma polymer, and 

t h a t t h e amount o f s i l i c o n v a r i e s as a f u n c t i o n o f d i s t a n c e i n 

t h e r e a c t o r . T h i s i s i n agreement w i t h t h e s t u d i e s c a r r i e d 
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o u t on t h e p l a s m a p o l y m e r i z a t i o n o f TMT and TMG. 

D e p o s i t i o n o f t h e p o l y m e r f r o m TMS, w h i c h i s r e p o r t e d 
3 2 

t o be s i m i l a r i n d e p o s i t i o n r a t e t o t h a t o f TMT, i s such t h a t 

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

l e v e l s c o u l d n o t be d e t e c t e d by ESCA. U n l i k e t h e p r e v i o u s 

s t u d i e s o f t h e p l a s ma p o l y m e r o f t e t r a m e t h y l s i l a n e , no 

n i t r o g e n was d e t e c t e d i n t h e f i l m . 

39 

I n a g a k i et al h a v e a l s o l o o k e d a t t h e i n f r a r e d s p e c t ­

rum o f t e t r a m e t h y l s i l a n e p l a s m a p o l y m e r . They d e t e c t e d 

a b s o r b t i o n s due t o S i - C H 3 , S i - C H 2 , S i - H , Si-O-C and S i - O - S i 

g r o u p s . From a c o m p a r i s o n o f t h i s s p e c t r u m w i t h t h e s p e c t r a 

o b t a i n e d f r o m t h e p l a s m a p o l y m e r s o f TMT and TMG, t h e y c o n ­

c l u d e d t h a t f r o m t h e f u n c t i o n a l g r o u p s p r e s e n t , l i t t l e m a j o r 
d i f f e r e n c e e x i s t s b e t w e e n t h e p o l y m e r s as f a r as i n f r a r e d 

39 
c a n d e t e r m i n e . 

5.3.4 2 , 2 - D i m e t h y l P r o p a n e (DMP) 

The C-̂ s and 0^ g c o r e l e v e l s f o r p l a s m a p o l y m e r ­

i z e d 2 , 2 - d i m e t h y l p r o p a n e a r e shown i n F i g u r e 5.4. 

The C^ s c o r e l e v e l i s d o m i n a t e d by t h e peak due 

t o C-H e n v i r o n m e n t s a t 285.OeV. As w i t h t h e p o l y m e r f r o m 

TMS, t h e r e i s a s m a l l peak ( < 4 % t o t a l a r e a ) s h i f t e d ^1.8eV 

t o h i g h e r b i n d i n g e n e r g i e s . T h i s peak a r i s e s f r o m C-0 

f u n c t i o n a l i t i e s . The 0, c o r e l e v e l (533.OeV) i s v e r y s m a l l 

i n i n t e n s i t y and g i v e s a C:0 s t o i c h i o m e t r y o f 1:0.03 i n d e ­

p e n d e n t o f p o s i t i o n o f t h e s a m p l e i n t h e r e a c t o r . T h i s 

d e g r e e o f o x i d a t i o n i s c o n s i s t e n t w i t h t h e amount o f o x y g e n 

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

compounds ( s e e C h a p t e r Two). 
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DMP 

w 
x 24 x 1 

290 285 535 530 
BINDING ENERGY /eV 

FIGURE 5.4 T y p i c a l c o r e l e v e l s p e c t r a f o r plasma p o l y ­
m e r i z e d d i m e t h y l p r o p a n e . 

32 

I n a g a k i et at h a s s t u d i e d t h e p h o t o c o n d u c t i v i t y f o r 

th e p o l y m e r i c f i l m s p r e p a r e d from t h e plasma p o l y m e r i z a t i o n 

o f t h e group I V t e t r a m e t h y l compounds i n a c a p a c i t i v e l y 

c o u p l e d 20kHz plasma. F i l m s from DMP were not p h o t o c o n d u c t i v e 

w h i l s t TMS, TMT and TMG a l l showed some p h o t o c o n d u c t i v i t y . 

A l l f o u r f i l m s were good i n s u l a t o r s , t h e s u r f a c e e l e c t r i c a l 
14 15 2 -4 r e s i s t a n c e m e a s u r i n g 10 -10 fi/cm a t 10 Pa. 

5.3.5 Summary o f t h e Plasma P o l y m e r i z a t i o n s of 
t h e Group I V Compounds 

T r e n d s i n , and s i m i l a r i t i e s between, t h e s e p l a s m a 

p o l y m e r s a r e as f o l l o w s : 
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1. D e p o s i t i o n r a t e s f o r a l l f o u r compounds was s u c h t h a t 

a f t e r a 10 m i n u t e p e r i o d , t h e a l u m i n i u m s u b s t r a t e was 

i l O t V l b l l J i K L U I L O V ^ t t . 

2. The t h r e e d i f f e r e n t s a m p l i n g p o s i t i o n s w e r e a l l w i t h i n 

t h e g l o w r e g i o n . 

3. The amount o f Sn, Ge and S i p r e s e n t i n t h e p o l y m e r v a r i e d 

as a f u n c t i o n o f d i s t a n c e i n t h e r e a c t o r : t h e maximum 

amount was f o u n d i n s a m p l e p o s i t i o n 1 , a t t h e i n l e t t o 

t h e r e a c t o r - w h i l s t t h e minimum amount was p r e s e n t i n t h e 

s a m ple t a k e n f r o m t h e end o f t h e r e a c t o r . 

4. The d e g r e e o f i n c o r p o r a t i o n o f t h e g r o u p I V e l e m e n t i n t o 

i t s p l a s m a p o l y m e r v a r i e d w i t h t h e monomer u s e d , and t h e 

o r d e r v a r i e d w i t h sample p o s i t i o n , e.g. i n t h e c o i l r e g i o n , 

t h e c o n c e n t r a t i o n o f t h e g r o u p I V e l e m e n t i n t h e p o l y m e r 

f o l l o w e d t h e t r e n d Si>Ge>Sn. 

5. U s i n g a 70° TOA, t h e c o n c e n t r a t i o n o f Sn, Ge and S i 

p r e s e n t d e c r e a s e d compared w i t h t h a t r e v e a l e d by a 35° 

TOA, i.e. t h e r e was l e s s o f t h e e l e m e n t a p p a r e n t l y p r e s e n t 

i n t h e s u r f a c e o f t h e p o l y m e r f i l m . However, t h i s c o u l d 

be due t o a h y d r o c a r b o n o v e r l a y e r e f f e c t . 

6. The amount o f o x y g e n i n c o r p o r a t i o n v a r i e d b o t h w i t h sample 

p o s i t i o n i n t h e r e a c t o r and a l s o t h e g r o u p I V compound 

u s e d . The g r e a t e s t amount o f o x y g e n i n c o r p o r a t i o n was 

seen w i t h TMT, TMS and TMG showed c o m p a r a b l e amounts o f 

o x i d a t i o n w h i l s t DMP showed o n l y a v e r y s l i g h t amount o f 

o x y g e n c o n t a m i n a t i o n . 

5.3.6 C o p o l y m e r i z a t i o n o f t h e ' O r g a n o m e t a l l i c ' 
w i t h P e r f l u o r o b e n z e n e 

T h e r e h a v e a l r e a d y b e e n some r e p o r t s on p l a s m a 
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c o p o l y m e r i s a t i o n b u t as y e t t h e c h a r a c t e r i z a t i o n o f t h e 

r e s u l t i n g m a t e r i a l s has n o t r e c e i v e d much a t t e n t i o n . I t 

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

known p r o d u c t s a r i s i n g f r o m t h e i n d i v i d u a l monomers. T h i s 

m i g h t c e r t a i n l y be t h e case i n t h e p l a s m a p o l y m e r i z a t i o n o f 

more t h a n one o r g a n i c monomer when each can be p o l y m e r i z e d 

i n d e p e n d e n t l y i n a p l a s m a . I f t h i s w e r e s o , p l a s m a c o -

d e p o s i t i o n as o p p o s e d t o plasma c o p o l y m e r i z a t i o n w o u l d d e ­

s c r i b e t h e p r o c e s s e s o c c u r r i n g . Each monomer c o u l d t h e n 

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

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

i t i o n . A n o t h e r e x a m p l e o f c o d e p o s i t i o n i s t h e s i m u l t a n e o u s 

d e p o s i t i o n o f a p l a s m a p o l y m e r and an e v a p o r a t e d m e t a l . Each 

component can be d e p o s i t e d r e g a r d l e s s o f w h e t h e r o r n o t t h e 

o t h e r component i s d e p o s i t e d . T h i s c a n o n l y be t r u l y a p p l i e d 

t o s y s t e m s w h e r e t h e p r e s e n c e o f a n o t h e r monomer does n o t 

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

t o t h e p r o d u c t i o n o f t h e p o l y m e r f i l m . 

The r e s u l t s i n t h e second h a l f o f t h i s c h a p t e r h i g h l i g h t 

t h e d i f f e r e n c e s , w h i c h can o c c u r when more t h a n one o r g a n i c 

monomer i s p r e s e n t i n t h e v a p o u r p h a s e , b e t w e e n t h e p l a s m a 

c o p o l y m e r and t h e s i n g l e p l a s ma p o l y m e r : c a s e s o f c o p o l y ­

m e r i z a t i o n r a t h e r t h a n c o d e p o s i t i o n . 

5.3,7 ( I ) T e t r a m e t h y l T i n and P e r f l u o r o b e n z e n e 

F o r e a se o f c o m p a r i s o n , t h e C^ g, F^ g, 0-^g and 

S n ^ c o r e l e v e l s p e c t r a o f t h e p o l y m e r r e s u l t i n g f r o m a 1:1 

v a p o u r phase m i x t u r e o f TMT and PFB a r e shown i n F i g u r e 5.5 

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

TMT and PFB r e s p e c t i v e l y . 
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2 A xt x1 

\ IS 

286 290 295 285 290 285 295 290 

IK A x8-6 

IS 

530 535 530 535 530 535 

x1-4 

IS 

685 695 690 695 690 685 

x1-5 

S n 3 D 

490 485 485 490 

FIGURE 5.5 C o r e l e v e l s p e c t r a o f plasma p o l y m e r i z e d p e r -
f l u o r o b e n z e n e (1) t e t r a m e t h y l t i n (2) and 
p e r f l u o r o b e n z e n e / t e t r a m e t h y l t i n (IT 
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C o n s i d e r i n g PFB f i r s t i t i s e v i d e n t t h a t t h e b r o a d C^ s 

e n v e l o p e a r i s e s f r o m c a r b o n i n a number o f d i f f e r e n t e l e c t ­

r o n i c e n v i r o n m e n t s . U s i n g s t a n d a r d peak f i t t i n g t e c h n i q u e s 

a component a n a l y s i s may be d e r i v e d as shown i n F i g u r e 5.6. 

PERFLUORO BENZENE TETRAMETHYLTIN 

C'CF 

C I 

Ft RFLUORO BENZENE/TETRAMETHYLTW 

FIGURE 5.6 Component a n a l y s i s of the C^s c o r e l e v e l e n v e l o p e s 
f o r p lasma p o l y m e r i z e d f i l m s of p e r f l u o r o b e n z e n e , 
t e t r a m e t h y l t i n and p e r f l u o r o b e n z e n e / t e t r a m e t h y l t i n 
p o l y m e r s 

T h i s g i v e s r i s e t o p e a k s a t 285.0, 286.7, 288.5, 289.3, 291.0, 

293.2 and 295.2eV due t o C-H, C-CF, C-F, C F - C F n , C - F 2 , C - F 3 

and T T + I T * shake-up s a t e l l i t e e n v i r o n m e n t s . The h y d r o c a r b o n 

i s i n f a c t e x t r a n e o u s , as by employing v a r i a b l e e l e c t r o n t a k e ­

o f f a n g l e e x p e r i m e n t s i t c a n be shown t o be p r e s e n t o n l y on 
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t h e s u r f a c e . The c a u s e o f t h i s h y d r o c a r b o n c o n t a m i n a t i o n 

has been d i s c u s s e d i n g r e a t e r d e t a i l i n C h a p t e r Two. The 

p r e s e n c e o f C-CF, C-F 2 and C-F^ components i s i n d i c a t i v e o f 

e x t e n s i v e m o l e c u l a r r e a r r a n g e m e n t o f t h e monomer i n t h e f o r m ­

a t i o n o f t h e p r e c u r s o r s t o p o l y m e r i z a t i o n . The T T + T T * s h a k e -

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

t h e f i l m and a r i s e s some 8eV f r o m t h e component peak due t o 

C-F, i.e. t h e u n s a t u r a t i o n i s p r e s e n t as =C-F. Any u n s a t u r ­

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

l i k e l y c o n s i d e r i n g t h e i n t e n s i t y and n a t u r e o f t h e h y d r o c a r b o n , 
42 

w o u l d be s h i f t e d some 7eV up f r o m t h e peak a t 285.OeV. 

T h i s w o u l d p l a c e i t a t a r o u n d 29 3eV w h i c h i s t h e peak a s s i g n e d 

t o CF^ s t r u c t u r a l f e a t u r e s . Thus t h e r e m i g h t be some a m b i g u i t y 

i n t h e amount o f CF^ p r e s e n t . T h i s s i t u a t i o n a r i s e s i n t h e 

c o p o l y m e r i z a t i o n o f an a r o m a t i c f l u o r i n e compound w i t h i t s 

h y d r o c a r b o n a n a l o g u e - see C h a p t e r S i x . I t may a l s o a p p l y 

t o t h e r e s u l t s d i s c u s s e d i n t h e f o l l o w i n g pages b u t i s u n ­

l i k e l y f o r t w o r e a s o n s : f i r s t l y , t h e h y d r o c a r b o n i n t h e 

monomer m i x i s n o t u n s a t u r a t e d and an a p p r e c i a b l e q u a n t i t y 

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

S e c o n d l y , t h e h y d r o c a r b o n a s s o c i a t e d w i t h t h e p e r f l u o r o b e n z e n e 

homopolymer i s due t o o v e r l a y e r c o n t a m i n a t i o n f o l l o w i n g de­

p o s i t i o n . From t h e p r e c e d i n g d i s c u s s i o n i t i s t h e r e f o r e e x ­

t r e m e l y u n l i k e l y t h a t t h e r e w i l l be u n s a t u r a t i o n p r e s e n t i n ­

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

c o r e l e v e l s p e c t r u m , g i v i n g r i s e t o a T T ^ - T T * s h a k e - u p s a t e l l i t e 

some 7-8eV removed f r o m t h e m a i n p h o t o i o n i s a t i o n peak a t 
42 

689.3eV. The C:F s t o i c h i o m e t r y o f t h e f i l m i s 1:1 and 

r e v e a l s t h a t r e a r r a n g e m e n t and n o t e l i m i n a t i o n - as f o u n d i n 
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t h e mono- and d i f l u o r o b e n z e n e s - r e a c t i o n s a r e i m p o r t a n t i n 

t h e plasma p o l y m e r i z a t i o n o f t h i s compound. A l o w l e v e l o f 

o x y g e n , e v i d e n c e d by t h e peak a t 534eV ; i s a l s o p r e s e n t i n 

t h e f i l m . T h i s i s g e n e r a l l y t h o u g h t t o be due t o t h e r e ­

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

r e a c t i n g w i t h o x y g e n upon e x p o s u r e t o atmosphere."''* T h i s 

has b een c o n s i d e r e d i n g r e a t e r d e t a i l i n C h a p t e r Two. The 

C:0 s t o i c h i o m e t r y i s s u c h t h a t i t g i v e s r i s e t o a f i l m t y p i c ­

a l l y w i t h a b o u t 8 oxy g e n s f o r e v e r y 100 c a r b o n s . 

The C-̂ s c o r e l e v e l o f t h e p l a s m a c o p o l y m e r r e v e a l s some 

i n t e r e s t i n g d i f f e r e n c e s f r o m t h e c o r r e s p o n d i n g e n v e l o p e s f o r 
43 

t h e i n d i v i d u a l f i l m s . From F i g u r e 5.6 and T a b l e 5.6 i t 

can be seen t h a t t h e C^ s s p e c t r u m i s d o m i n a t e d b y t w o peaks 

a t a b o u t 285.0eV and 288.3eV due t o CH and CF e n v i r o n m e n t s 

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

e n e r g y t o CF a r i s i n g f r o m CF£ and CF^ f u n c t i o n a l i t i e s i s v e r y 

l o w i n c o m p a r i s o n w i t h t h o s e f o r p e r f l u o r o b e n z e n e , s u g g e s t i n g 

t h a t t h e e x t e n t o f m o l e c u l a r r e a r r a n g e m e n t o f PFB i s n o t as 

g r e a t d u r i n g p l a s m a c o p o l y m e r i z a t i o n . T h i s c h ange i n t h e C, 

e n v e l o p e i s t h e f i r s t i n d i c a t i o n t h a t t h e r e has b e e n some k i n d 

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

t h a t t h i s i s n o t j u s t p l a s m a c o d e p o s i t i o n . 

The T T + T T * s h a k e - u p s a t e l l i t e i s more i n t e n s e r e v e a l i n g 

p e r h a p s a g r e a t e r r e t e n t i o n o f t h e PFB monomer s t r u c t u r e i n 

t h i s f i l m . T h i s i s c o n s i s t e n t w i t h t h e s h a k e - u p s a t e l l i t e 

p r e s e n t i n t h e F^ s c o r e l e v e l o f t h e c o p o l y m e r . However, f o r 

t h e c o p o l y m e r t h e peak i s more i n t e n s e and more c l e a r l y d e f i n e d 

t h a n f o r PFB r e f l e c t i n g t h e g r e a t e r number o f C-F bonds i n 

an u n s a t u r a t e d e n v i r o n m e n t . ^ " * 
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F u r t h e r e v i d e n c e f o r t h e r e t e n t i o n o f t h e a r o m a t i c 

n a t u r e o f p e r f l u o r o b e n z e n e i s shown i n t h e b i n d i n g e n e r g y 

o f t h e peak a s s i g n e d t o C-F. T h i s has been shown t o be t h e 

same b i n d i n g e n e r g y as t h e component a r i s i n g f r o m CF-CF g r o u p s 

i n one o f t h e a r o m a t i c monomers - see C h a p t e r S i x . 

The 0^ s c o r e l e v e l f r o m t h e c o p o l y m e r i s p r e s e n t a t 

532.6eV. T h i s i s much s m a l l e r i n i n t e n s i t y t h a n t h e o x y g e n 

s i g n a l f r o m t h e TMT plasma p o l y m e r . As a l l t h r e e f i l m s w e r e 

s u b j e c t t o t h e same e x p e r i m e n t a l c o n d i t i o n s , i t i s e v i d e n t 

t h a t TMT i s n o t r e a d i l y o x i d i z e d w i t h PFB i n a 1:1 m i x t u r e 

o f PFB+TMT. I t a p p e a r s t h a t i n a 1:1 m i x t u r e t h e TMT s t r u c t ­

u r e i s s t a b i l i z e d r e s u l t i n g i n a much l o w e r d e g r e e o f r a d i c a l 

f o r m a t i o n and hence a g r e a t l y r e d u c e d o x y g e n c o n t e n t s i m i l a r 
43 

t o t h a t o f PFB. As t h e o x y g e n c o n t e n t i s so l o w , t h e c o n ­

t r i b u t i o n o f C-0 f u n c t i o n a l i t i e s t o t h e C, e n v e l o p e w i l l be 
I s c 

n e g l i g i b l e . 

The F^ s c o r e l e v e l , a t 688eV, i s composed o f t w o com­

p o n e n t p e a k s . The l o w e r b i n d i n g e n e r g y peak s h i f t e d 2eV t o 
l o w e r e n e r g i e s i s a b o u t 15% o f t h e t o t a l i n t e n s i t y o f t h e F, ^ • ' I s 
s i g n a l . T h i s peak a r i s e s f r o m a s m a l l amount o f t i n f l u o r i d e 

and i s c o n s t a n t i n a l l t h r e e s a m p l e p o s i t i o n s . The m a i n peak 

i s due t o o r g a n i c f l u o r i d e . A s s u m i n g t h a t a l l t h e CH a r i s e s 

f r o m t h e t e t r a m e t h y l t i n and t h e r e s t o f t h e components a r i s e 

f r o m PFB t h e n t h e C^ s e n v e l o p e s i n d i c a t e t h a t on t h e w h o l e a 

1:1 i n c o r p o r a t i o n o f s p e c i e s d e r i v e d f r o m PFB and TMT i n t o 

t h e p l a s m a c o p o l y m e r o c c u r s . As w i t h t h e s i n g l e monomer o f 

TMT, h o w e v e r , t h e r e i s a s l i g h t d ependence o f p o s i t i o n i n t h e 

r e a c t o r ( T a b l e 5 . 5 ) . The Sn:C s t o i c h i o m e t r i e s v a r y f r o m 0.12 

a t t h e i n l e t , O-09 i n t h e c o i l r e g i o n and 0O7 a t t h e end o f 

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



208 

p l a s m a i s r e t a i n e d i n t h e c o i l r e g i o n o n l y . A s suming t h a t 

t h e s a mple i s v e r t i c a l l y homogeneous, i.e. t h e number d e n s i t y 

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

a n g u l a r d e p e n d e n t s t u d i e s show t h a t t h e r e has been an a c c u m u l ­

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

TABLE 5.5 T i n , f l u o r i n e and o x y g e n t o c a r b o n a r e a r a t i o s 
as a f u n c t i o n o f d i s t a n c e i n t h e r e a c t o r 

P o s i t i o n 
TOA c o i l r e g i o n TOA 

0-1 cm 6-7 cm 19-20 cm 

Sn_, /C, 3 d 5 / 2 i s 
S n „ /C, 3 d 5 / 2 i s 
F, /C. i s ' I s 

1.08 

0.81 

0.77 

0.81 

0.69 

0.63 

0. 69 

35° 

70° 

35° 

F l s / C l s 0. 52 70° 

°ls/ Cls 0.15 0.15 0.15 35° 

A t t h e h i g h e r t a k e - o f f a n g l e , t h e l e v e l o f o x y g e n a p p e a r s 

t o be c o n s t a n t . However due t o t h e a t t e n u a t i o n o f t h e o x y g e n 

s i g n a l , and 0, /C, a r e a r a t i o , by t h e h y d r o c a r b o n l a y e r , t h i s 

i n r e a l i t y i n d i c a t e s t h a t t h e r e i s a h i g h e r amount o f o x y g e n 

a t t h e s u r f a c e . 

The F t o C s t o i c h i o m e t r y o f t h e c o p o l y m e r i n d i c a t e s t h a t 

some e l i m i n a t i o n o f f l u o r i n e has t a k e n p l a c e (%C^:F Q 4 c./. 

C,:F_ , o f t h e s t a r t i n g monomers). I f t h e a r o m a t i c n a t u r e I 0. b 
o f t h e p e r f l u o r o b e n z e n e monomer i s t o be r e t a i n e d , and due 

t o t h e r e t e n t i o n , by t i n , o f t h e m a j o r i t y o f i t s Sn-C bonds 

t h e n t h e e l i m i n a t i o n o f a s m a l l amount o f f l u o r i n e w o u l d n o t 

be u n e x p e c t e d i f b o t h 'monomers' a r e j o i n e d t o g e t h e r i n t h e 

p o l y m e r w i t h c o v a l e n t b o n d s . The amount o f e l i m i n a t i o n o f 

f l u o r i n e shows a s l i g h t i n c r e a s e , g i v i n g a s t o i c h i o m e t r y o f 
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C-^:Fq ^ g ' i n t h e c o i l r e g i o n and a t t h e end o f t h e r e a c t o r 

i n c o m p a r i s o n t o t h e i n l e t r e g i o n ( T a b l e 5 . 5 ) . 

The component a n a l y s i s o f t h e C^ G e n v e l o p e o f t h e c o ­

p o l y m e r shows l i t t l e e f f e c t due t o t h e v a r i a t i o n o f p o s i t i o n 

i n t h e r e a c t o r and a t y p i c a l component peak a r e a a n a l y s i s g i v e s 

r i s e t o t h e f o l l o w i n g : 

TABLE 5.6 P e r c e n t a g e a r e a o f t h e component peaks o f t h e 
C^ S e n v e l o p e s o f t h e c o p o l y m e r o f t h e PFB pl a s m a 
p o l y m e r 

Peak P o s i t i p n / e V 285.0 286 . 5 288.2 290.0 291.5 292 .5 294 .0 

C l s TMT/PFB % a r e a 63 12 19 3 1 1 1 

C. PFB % a r e a I s - 26 29 2 1 17 6 1 

As m i g h t be e x p e c t e d f r o m t h e r e d u c t i o n i n t h e m e t a l 

s i g n a l a t t h e h i g h e r t a k e - o f f a n g l e , t h e r e i s a much g r e a t e r 

c o n t r i b u t i o n t o t h e 285.OeV component peak a t 70° c o n s i s t e n t 

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

TMT/PFB c o p o l y m e r . 

I t i s c l e a r f r o m t h e above ESCA r e s u l t s t h a t t h e n a t u r e 

o f t h e p l a s m a p o l y m e r d e r i v e d f r o m t h e 1:1 m i x t u r e o f PFB and 

TMT c a n n o t be s t r a i g h t f o r w a r d l y p r e d i c t e d b y a d e t a i l e d know­

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

PFB and TMT r e s p e c t i v e l y . Plasma c o p o l y m e r i z a t i o n d e c r e a s e s 

t h e e x t e n t o f m o l e c u l a r r e a r r a n g e m e n t o f PFB and s t a b i l i z e s 

t h e o x i d a t i o n t e n d e n c i e s o f TMT. C o p o l y m e r i z a t i o n r a t h e r 

t h a n c o d e p o s i t i o n has o c c u r r e d . I t i s a l s o e x p e c t e d t h a t t h e 

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

s i m p l e s y s t e m s . I n f a c t , t h e c o p o l y m e r has a l r e a d y been 
44 

f o u n d t o h a v e some b i o c i d i c a c t i v i t y . 
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5.3.7 ( I I ) O p t i c a l E m i s s i o n f r o m a TMT;PFB Plasma 

F u r t h e r e v i d e n c e t h a t t h e r e i s a c h e m i c a l i n t e r ­

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

m o n s t r a t e d by t h e gas phase e m i s s i o n f r o m t h e c o p o l y m e r when 

i t i s compared w i t h t h e e m i s s i o n f r o m TMT and PFB p l a s m a s 

r e s p e c t i v e l y . F i g u r e 5.7 g i v e s t h e w i d e s c a n s p e c t r u m o f 

t h e o p t i c a l e m i s s i o n f r o m t h e c o p l a s m a c o v e r i n g t h e 270-650nm 

r e g i o n . F o r ease o f c o m p a r i s o n , t h i s s p e c t r u m i s t h e n r e ­

p e a t e d i n F i g u r e 5.8 a l o n g w i t h t h e e m i s s i o n f r o m a TMT and 

a PFB p l a s m a r e s p e c t i v e l y . 

(CH 3 ) 4 Sn: C 6F 6 

438 

356 I \ 

313 

\ 6 0 8 

246 364 482 600 nm 

FIGURE 5.7 A wide s c a n of t h e o p t i c a l e m i s s i o n from 
^245-600x1111 f o r a p e r f l u o r o b e n z e n e / t e t r a m e t h y l t i n 
plasma 
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FIGURE 5.8 A c o m p a r i s o n o f t h e o p t i c a l e m i s s i o n s p e c t r a from 
^245-600nm f o r p e r f l u o r o b e n z e n e , t e t r a m e t h y l t i n , 
and p e r f l u o r o b e n z e n e / t e t r a m e t h y l t i n plasmas 
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B e f o r e g o i n g on t o d i s c u s s t h e o p t i c a l e m i s s i o n s p e c t r a , 

i t i s p e r t i n e n t t o draw t h e r e a d e r ' s a t t e n t i o n t o y e t a n o t h e r 

f a c t w h i c h i n d i c a t e s t h a t t h i s d e p o s i t i o n i s a r e s u l t o f an 

i n t e r a c t i o n o f t h e two monomers. The d e p o s i t i o n r a t e s o f 

t h e i n d i v i d u a l monomers s h o u l d , i n a c o d e p o s i t i o n s i t u a t i o n , 

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

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

d e p o s i t e d f i l m w o u l d r e f l e c t t h i s . However, t h e d e p o s i t i o n 

r a t e o f TMT i s much more r a p i d t h a n PFB, as e v i d e n c e d by t h e 

much s h o r t e r a c q u i s i t i o n t i m e a l l o w e d w h i l s t a c q u i r i n g t h e 

e m i s s i o n d a t a . The t i m e o f a c q u i s i t i o n o f e m i s s i o n d a t a i s 

much l e s s t h a n t h a t f o r t h e p e r f l u o r o b e n z e n e p l a s m a due t o 

t h e r a p i d d e p o s i t i o n o f a p o l y m e r f i l m on t h e win d o w - an 

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

a f t e r b a c k g r o u n d s u b t r a c t i o n due t o t h i s f i l m . Y e t t h e 

c o m p o s i t i o n o f t h e c o p o l y m e r i s r o u g h l y 1 : 1 , and t h u s t h e de­

p o s i t i o n r a t e s o f TMT and PFB have been a l t e r e d d u r i n g t h e i r 

c o m b i n e d p o l y m e r i z a t i o n . 

The e m i s s i o n s p e c t r u m f r o m t h e TMT p l a s m a shows s e v e r a l 

d o m i n a n t peaks i n t h e 300-450nm r e g i o n . The most d o m i n a n t 

peak i n t h e s p e c t r a o c c u r s i n t h e 430nm r e g i o n a l s o i n t h i s 

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

A l t h o u g h peak a s s i g n m e n t i s n o t unambiguous i t i s l i k e l y t h a t 

t h e peak a r i s i n g a t M 40nm i n t h e TMT:PFB p l a s m a i s c o n t r i b ­

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

i n t h e TMT p l a s m a . However t h i s i s b a s e d on a s s u m p t i o n 

r a t h e r t h a n f a c t . As w i t h t h e most d o m i n a n t peak i n t h e 1:1 

p l a s m a , t h e o t h e r m a i n peaks a t ̂ 313 and ^356nm c o r r e s p o n d 

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

p l a s m a s . Thus b o t h o f t h e s e bands c o u l d a l s o a r i s e f r o m a 
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c o n t r i b u t i o n by b o t h o f t h e i n d i v i d u a l e m i s s i o n s . However, 

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

t h e s e peaks i n t h e c o p l a s m a may a r i s e f r o m some t o t a l l y new 

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

t e t r a m e t h y l t i n . 

The peak a t ^280nm due t o t h e d i f l u o r o c a r b e n e e m i s s i o n 

w h i c h i s v e r y p r o m i n e n t i n t h e p e r f l u o r o b e n z e n e p l a s m a ( t h i s 

i s d i s c u s s e d more i n C h a p t e r Two) and t h e a s s o c i a t e d peak a t 

510nm, have been ' l o s t ' i n t h e s p e c t r u m f r o m t h e 1:1 p l a s m a 

I t s h o u l d be p o i n t e d o u t h e r e t h a t t h e e m i s s i o n s p e c t r a 

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

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

l i k e l y t o be p r e s e n t above ^6 50nm, and may be p r e s e n t b e l o w 

^260nm. 

5.3.8 T e t r a m e t h y l Germanium and P e r f l u o r o b e n z e n e 

The t y p i c a l C, , F. , 0, and Ge.,, c o r e l e v e l 

s p e c t r a f o r a 1:1 c o p o l y m e r a r e shown i n F i g u r e 5.9. Most 

e v i d e n t f r o m t h e C, i s t h e f a c t t h a t , as w i t h t h e t e t r a m e t h y l 
I s J 

t i n p e r f l u o r o b e n z e n e c o p o l y m e r , t h e e x t e n s i v e r e a r r a n g e m e n t o f 

t h e p e r f l u o r o b e n z e n e monomer has n o t t a k e n p l a c e . T h i s i s 

e v i d e n c e o f a n o t h e r s i t u a t i o n w h e r e c o p o l y m e r i z a t i o n r a t h e r 

t h a n c o d e p o s i t i o n has o c c u r r e d . A component peak a n a l y s i s 
o f t h e C, has a l s o been i n c l u d e d i n F i g u r e 5.9 and t h e p e r ­l s 
c e n t a g e a r e a o f e a c h peak - w h e r e t h e s a m p l e i s f r o m t h e c o i l 

r e g i o n - i s g i v e n i n T a b l e 5.7. 

From T a b l e 5.7 i t i s c l e a r l y a p p a r e n t t h a t t h e 

m o s t n o t i c e a b l e d i f f e r e n c e b e t w e e n t h e C^ s e n v e l o p e s o f t h e 

t w o p o l y m e r s i s t h e d r a s t i c r e d u c t i o n i n t h e a r e a s o f t h e p e a k s 
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A A PFB/TMG 

A x 0 75 x 

295 290 285 695 690 685 

BINDING ENERGY/eV -A x V 

535 530 35 30 

FIGURE 5.9 Core l e v e l s p e c t r a from plasma p o l y m e r i z e d 
t e t r a m e t h y l g e r m a n i u m / p e r f l u o r o b e n z e n e 

TABLE 5.7 P e r c e n t a g e a r e a o f t h e component peaks of t h e C^ 
of t h e copolymer o f p e r f l u o r o b e n z e n e homopolymer 

Peak p o s i t i o n eV 285.0 286.3 288.1 289.8 291.0 293.0 295.5 

C l g TMG/PFB % a r e a 48 18 24 1 3 4 2 

C l s P F B % a r e a - 25 30 21 17 6 1 

w h i c h o c c u r a t ^289.8eV upwards. Peak a s s i g n m e n t of t h e s e 

compounds i s h i n d e r e d by the asymmetry of t h e C ^ g e n v e l o p e , 

i.e. t h e s t e p i n the background on g o i n g from low b i n d i n g 

e n e r g i e s t o t h e h i g h b i n d i n g e n e r g y s i d e o f t h e e n v e l o p e , 
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which i s ve r y a p p a r e n t . T h i s i s t h o u g h t t o be due t o l o n g 

range u n s a t u r a t i o n p r e s e n t i n t h e polymer f i l m . The asymmetry, 

and t h e problems a s s o c i a t e d w i t h component peak a n a l y s i s 

are d i s c u s s e d i n Chapters Three and S i x r e s p e c t i v e l y . I t i s 

u n l i k e l y t h a t t h e i n t e n s i t i e s o f t h e peaks a t 291.OeV and 

29 3.0eV a r i s e s s o l e l y from CF.-, and CF^ f u n c t i o n a l i t i e s - t h e r e 

are no r e s o l v e d peaks v i s i b l e i n t h e spectrum i n t h i s energy 

r e g i o n , j u s t a v e r y l a r g e s t e p f u n c t i o n . However, t o o b t a i n 

th e C:F s t o i c h i o m e t r y o f 1:0.37 ( f r o m peak area r a t i o s ) some 

o f these f u n c t i o n a l i t i e s must e x i s t i f peak assignment i s 

c o r r e c t . 

The F^ s core l e v e l i s composed o f two peaks. The main 

peak a t 689eV i s due t o c o v a l e n t C-F, t h e s h o u l d e r a t lower 

b i n d i n g e n e r g i e s i s due t o F-Ge. The area o f t h i s peak i s 

about 14% o f t h e t o t a l F^ g area and shows l i t t l e v a r i a t i o n 

w i t h p o s i t i o n . T h i s i s c o n s i s t e n t w i t h t h e b e h a v i o u r shown 

i n t h e core l e v e l f r o m t h e TMT/PFB copolymer. U n l i k e 

th e p r e v i o u s polymer, t h e F^ g does n o t e x h i b i t a c l e a r l y de­

f i n e d T T - > T T * shake-up s a t e l l i t e i n t h e TMG/PFB copolymer b u t a 

d i s t i n c t asymmetry o f t h e F^ g peak does e x i s t . T h i s i s t h e 

f i r s t r e a l example o f an asymmetry a p p e a r i n g i n t h e F^ g core 

l e v e l from a l l t h e plasma polymers d e s c r i b e d i n t h i s t h e s i s . 

E l i m i n a t i o n o f f l u o r i n e has t a k e n p l a c e d u r i n g copolymer-

i z a t i o n (C^:F Q ^7 o.f. C^:FQ monomer m i x ) , t h e e x t e n t o f 

e l i m i n a t i o n i n c r e a s i n g w i t h d i s t a n c e a l o n g t h e r e a c t o r . T h i s 
43 

m i r r o r s t he s i t u a t i o n i n t h e c o p o l y m e r i z a t i o n o f TMT and PFB. 

The G e ^ i s made up o f t h r e e component peaks, F i g u r e 5.9. 

These appear a t 31.4, 33.25, and 35.2eV b i n d i n g e n e r g i e s r e s ­

p e c t i v e l y . The f i r s t peak c o i n c i d e s w i t h t h e p o s i t i o n due 

t o Ge-C bonds w h i l s t t h e second i s l i k e l y t o be due t o 
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germanium o x i d e . As w i t h the homopolymer t h e r e i s not enough 

oxygen p r e s e n t f o r t h e metal t o be p r e s e n t as GeC^• The 

s t o i c h i o m e t r y o f t h i s middle peak i n t h e germanium envelope 

g i v e s r i s e t o 0_ ,:Ge_ , . However, t h e e x i s t e n c e o f Ge-O-C u. 4 u. t> 
bonds has p r e v i o u s l y been noted and the f o r m a t i o n of GeO i s 

p o s s i b l e . On go i n g t o a h i g h e r t a k e - o f f a ngle t he i n t e n s i t y 

o f t h e 33.25eV peak shows a s m a l l i n c r e a s e as does the amount 

o f oxygen, thus i n d i c a t i n g t h a t the s u r f a c e i s s l i g h t l y more 

o x i d i s e d than t h e b u l k . The t h i r d peak i n the germanium 

envelope, which accounts f o r about 9% o f t h e t o t a l area i s 

due t o germanium f l u o r i d e . The r a t i o o f t h e h i g h b i n d i n g 

energy peak t o t h e h i g h b i n d i n g energy peak o f t h e F, core 

l e v e l g i v e s r i s e t o a s t o i c h i o m e t r y o f Ge^:F^. 

The 0^ s core l e v e l appears a t 533.leV, and c o n s t i t u t e s 

a v e r y broad g a u s s i a n peak, due t o the numerous s l i g h t l y 

d i f f e r e n t e l e c t r o n i c environments. However, t h e chemical 

s h i f t s are such t h a t i n d i v i d u a l peaks cannot be p i c k e d o u t . 

The C,:0^ s t o i c h i o m e t r y i s h a l v e d from t h a t i n the homo-1 0.04 
polymer (C,:0 , ) , and thus i t appears t h a t t h e 1:1 c o p o l y -

m e r i z a t i o n o f TMG and PFB has caused a r e d u c t i o n i n the amount 

o f o x i d a t i o n o f t h e polymer f i l m which i s comparable w i t h t h e 
43 

b e h a v i o u r o f t h e TMT/PFB copolymer. 

As w i t h t h e TMT/PFB copolymer, t h e amount o f meta l de­

p o s i t e d depends on t h e p o s i t i o n o f the s u b s t r a t e i n the r e ­

a c t o r . The g r e a t e s t amount o f me t a l i s seen i n the sample 

from t h e 0-lcm p o s i t i o n , g i v i n g r i s e t o a s t o i c h i o m e t r y o f 

C^jGeQ ^ , assuming t h e sample t o be v e r t i c a l l y homogeneous, 

w h i l s t t h e s m a l l e s t amount o f germanium C-^GeQ Q ^ i s seen i n 

t h e sample p o s i t i o n f u r t h e s t from t h e c o i l . The v e r t i c a l 



homogeneity i s suggested by t h e c l o s e comparison o f the 

Ge:C s t o i c h i o m e t r i e s o b t a i n e d by u s i n g b o t h a 35 and 70° 

t a k e - o f f a n g l e . The e l e m e n t a l peak area r a t i o s are shown 

in x a.D j.e _>. o . 

TABLE 5.8 Germanium, f l u o r i n e and oxygen t o carbon area 
r a t i o s as a f u n c t i o n o f d i s t a n c e i n t h e r e a c t o r 

P o s i t i o n 
T0A c o i l r e g i o n T0A 

0-1 cm 6-7 cm 19-20 cm 

Ge_,/C, 3d' I s 0.26 0.19 0. 14 35° 

Ge0,/C, 3d' I s 0.21 70° 

F\ /C, I s ' I s 1.02 0.69 0. 50 35° 

G, /C, I s ' I s 0.79 70° 

I s I s 0.07 0.13* 0.13* 35° 

* NOTE: These two samples were n o t an a l y s e d u n t i l two weeks 
a f t e r d e p o s i t i o n . A l t h o u g h t h e y were k e p t under 
an i n e r t atmosphere, t h e amount o f o x i d a t i o n may be 
a r e f l e c t i o n on t h e l e n g t h o f t i m e b e f o r e a n a l y s i s 
r a t h e r t h a n o f t h e sample p o s i t i o n i n t h e r e a c t o r . 

From Table 5.8, two main f a c t s a r e e v i d e n t : 

1. On t h e whole t h e s t a r t i n g r a t i o o f t h e monomer mix, as 

det e r m i n e d by t h e m e t a l c o n t e n t , has been r e t a i n e d i n t h e p o l y ­

mer f i l m s d e p o s i t e d i n a l l t h r e e sample p o s i t i o n s , %.e- t h e 

germanium c o n t e n t i s c l o s e t o 1 atom o f m e t a l f o r every 10 

carbon atoms. (The c o n c e n t r a t i o n o f m e t a l i n t h e polymer 

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

d e p o s i t e d a t t h e end o f t h e r e a c t o r i s s l i g h t l y l ower, t h e 

a c t u a l s t o i c h i o m e t r i e s have been p r e v i o u s l y g i v e n ) . From t h i s 

i t w ould seem t h a t as w i t h t h e TMT/PFB copolymer, t h e m e t a l 

c o m p o s i t i o n o f t h e TMG/PFB copolymer i s a r e f l e c t i o n o f t h e 
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gas phase c o m p o s i t i o n , i.e. a 1:1 i n c o r p o r a t i o n o f the 

two comonomers has taken p l a c e . 

2. The f l u o r i n e t o carbon r a t i o a l s o seems t o show p o s i t -

i o n a l v a r i a t i o n . There has been some e l i m i n a t i o n of f l u o r ­

i n e , t h i s i s more marked i n t h e c o i l and t a i l glow r e g i o n s , 

t h a n a t t h e i n l e t of t h e r e a c t o r where t h e C:F s t o i c h i o m e t r y 

i s 1:0.53 which i s c l o s e t o t h e F:C s t o i c h i o m e t r y o f t h e 

s t a r t i n g vapour phase. The e l i m i n a t i o n o f a s m a l l amount 

of f l u o r i n e may be expected i f t h e a r o m a t i c s t r u c t u r e o f t h e 

monomer i s t o be r e t a i n e d and c o v a l e n t l y bonded w i t h i n t h e 

polymer s t r u c t u r e . 

As w i t h t h e TMT/PFB copolymer, t h e r a t e o f d e p o s i t i o n 

i s such t h a t t h e r e i s no A l _ s i g n a l v i s i b l e i n t h e ESCA core 
2p 

l e v e l scan a f t e r t h e 10 minute d e p o s i t i o n p e r i o d . There i s 

a l s o no s i g n a l due t o n i t r o g e n . 

5.3.9 T e t r a m e t h y l S i l a n e / P e r f l u o r o b e n z e n e and 
2,2-Dimethyl Propane/Perfluorobenzene 

Both o f these copolymers do n o t show evidence f o r 

t h e i n h i b i t i o n o f t h e rearrangement o f t h e p e r f l u o r o b e n z e n e 

nucleus and as such w i l l be d i s c u s s e d t o g e t h e r . 

T y p i c a l c o r e l e v e l scans f o r t h e two copolymers 

are shown i n F i g u r e 5.10. Both C l g core l e v e l s p e c t r a l o o k 

s i m i l a r t o an 'expected' envelope shape, i.e. t h e a d d i t i o n o f 

more C-H i n t e n s i t y t o t h e envelope o f p e r f l u o r o b e n z e n e 

(Table 5.9). As such b o t h o f these copolymers c o u l d be 

examples o f c o d e p o s i t i o n r a t h e r t h a n c o p o l y m e r i z a t i o n . 
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FIGURE 5.10 Core l e v e l s p e c t r a from plasma polymerized 
te t r a m e t h y l silane/perfluorobenzene and 
dimethylpropane/perfluorobenzene 
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TABLE 5.9 Percentage c o m p o s i t i o n o f the components o f t h e 
C l s e n v e l o P e s o f TMS/PFB and DMP/PFB copolymers 
and PFB homopolymer 

Peak p o s i t i o n eV 285.0 286 . 4 288.2 289.2 291. i 293.4 295 . 6 

C, TMS/PFB 
-L S 

25 25 29 7 8 5 1 

C, DMP/PFB I s 23 26 30 6 7 6 2 

C, PFB 10 23 29 15 14 7 2 
I s 

'uncorrected for C-H) 

A c l o s e r l o o k a t t h e per c e n t a g e areas o f t h e component 

peaks i n Table 5.9 show, however, t h a t t h e r e has been some 

e f f e c t on t h e c o n t r i b u t i o n t o the C^s envelope from p e r f l u o r o -

benzene i n b o t h copolymer f i l m s . The amount o f CF-CF^ 

and CF2 component peaks are reduced t o l e s s than h a l f t h e i r 

o r i g i n a l v a l u e i n t h e PFB homopolymer. T h i s i s i n c o n t r a s t 

t o t h e amount o f CF^ and TT->-TT* shake-up i n t e n s i t y w h i c h appears 

t o be more or l e s s c o n s t a n t i n a l l t h r e e o f t h e polymer f i l m s . 

The amount o f oxygen p r e s e n t (BE=533eV) i n b o t h f i l m s 

i s v e r y low and t h e C-^:0q s t o i c h i o m e t r y i s t h a t expected 
33 

i n t h e plasma p o l y m e r i z a t i o n o f p e r f l u o r o c a r b o n s . There 

i s v e r y l i t t l e v a r i a t i o n i n t h e amount o f oxygen i n c o r p o r a t i o n 

as a f u n c t i o n o f d i s t a n c e . I n f a c t , a l l o f t h e group IV 

compounds when co p o l y m e r i z e d w i t h PFB i n a 1:1 mix show v e r y 

l i t t l e v a r i a t i o n i n t h e amount o f o x i d a t i o n w i t h p o s i t i o n . 

The F- ŝ s i g n a l s (BE=689eV) are v e r y i n t e n s e and b o t h 

show a T T + T T * shake-up s a t e l l i t e . The t y p i c a l s t o i c h i o m e t r y o f 
C 1 : F 0 7 s * l o w s that f a r from e l i m i n a t i o n o f f l u o r i n e , t h e r e i s 

i n f a c t , an enhancement o f t h e amount o f f l u o r i n e p r e s e n t . 
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U n l i k e t h e TMT/PFB and TMG/PFB copolymers, t he amount o f 

f l u o r i n e i n c r e a s e s as a f u n c t i o n o f d i s t a n c e i n t h e r e a c t o r 

i n t h e TMS/PFB and DMP/PFB copolymers (Table 5.10). T h i s 

i n c r e a s e i n f l u o r i n e as a f u n c t i o n o f d i s t a n c e has been shown 

t o occur i n t h e plasma p o l y m e r i z a t i o n o f p e r f l u o r o b e n z e n e . 

TABLE 5.10 S i l i c o n , f l u o r i n e and oxygen t o carbon peak area 
r a t i o s as a f u n c t i o n o f p o s i t i o n i n t h e r e a c t o r 
f o r TMS/PFB and DMP/PFB copolymers 

P o s i t i o n 

Copolymer Area R a t i o s 0-lcm 6-7 cm 19-20 cm TOA 

Si„ /C, 2p' I s 0.017 0.019 0.015 35° 

Si-, /C. 2p I s 0.018 70° 

TMS/PFB I s I s 1.42 1.40 1.46 35° 

I s ' I s 1.26 70° 

0, /C, I s ' I s 0.05 35° 

I s ' I s 1.25 1. 31 1.38 35° 

DMP/PFB F, /C, I s ' I s 1.27 70° 

0, /C. I s ' I s 0.036 0.036 0.05 35° 

The amount o f s i l i c o n i n t h e copolymer i s almost non­

e x i s t e n t g i v i n g a C ^ r S i ^ s t o i c h i o m e t r y compared w i t h 

C-^:SiQ ^2 i n t h e homopolymer. A t f i r s t s i g h t t h i s m i g h t 

appear t o be due t o t h e f o r m a t i o n o f Si F ^ , a v o l a t i l e com­

pound which i s l o s t i n t h e exhaust gases o f t h e r e a c t o r . T h i s 

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

4F- + S i Si F . 
4 

45 
i s a w e l l known r e a c t i o n and used i n t h e plasma e t c h i n g 

4 6 
o f s i l i c o n i n t h e m i c r o e l e c t r o n i c s i n d u s t r y . The s e l e c t i v e 
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a t t a c k o f S i by f l u o r i n e atoms i s shown by the r e t a r d a t i o n 

o f t h e e t c h i n g o f SiC^ i n t h e presence o f exposed s i l i c o n , 
45 

w h i l s t t h e s i l i c o n etches f a s t e r t h a n n o r m a l . 

However t h e ' g r e a t e r t h a n expected' f l u o r i n e t o carbon 

r a t i o i n t h e polymer f i l m does n o t t e n d t o back up t h i s 

s u p p o s i t i o n . This i n d i c a t e s two p o s s i b i l i t i e s -

(a) The s t a r t i n g r a t i o o f t h e plasma feed was n o t 1:1 b u t 

r i c h i n p e r f l u o r o b e n z e n e . T h i s i s p o s s i b l e b u t i n view o f 

the excess p e r f l u o r o b e n z e n e needed t o account f o r the l o s s o f 

a l l t h e s i l i c o n i s e x c e e d i n g l y u n l i k e l y . 

2. The second, and most p r o b a b l e cause o f t h e l a c k o f s i l i c o n 

i n t h e plasma polymer i s t h e i n h i b i t i o n o f t h e d e p o s i t i o n o f t h e 

t e t r a m e t h y l s i l a n e by t h e presence o f p e r f l u o r o b e n z e n e . There 

has been some exchange i n t h e plasma as evidenced by t h e 

s l i g h t l y i n c r e a s e d amount o f hyd r o c a r b o n i n t h e core l e v e l 

s p e c t r a and a decreased amount o f f l u o r i n e as evidenced by 

th e r e d u c t i o n i n . t h e and CF-CF component peaks. The F:C 

r a t i o s can be viewed as r e s u l t i n g from t h e e l i m i n a t i o n o f 

f l u o r i n e f rom t h e p e r f l u o r o b e n z e n e monomer t o g i v e a s t o i c h i o -

m etry o f C-^:FQ -j (o.f. a t h e o r e t i c a l v a l u e o f 1:1), w i t h most 

o f t h e t e t r a m e t h y l s i l a n e b e i n g l o s t as v o l a t i l e ' p r o d u c t s ' 

a l o n g w i t h a c e r t a i n amount o f S i F ^ a c c o u n t i n g f o r some o f t h e 

e l i m i n a t e d f l u o r i n e . 

The c o m p o s i t i o n o f t h e DMP/PFB copolymer may be s i m i l a r l y 

e x p l a i n e d by t h e b e h a v i o u r o f t h e d i m e t h y l propane monomer i n 

th e plasma, i.e. as w i t h t h e TMS/PFB plasma c o p o l y m e r i z a t i o n , 

t h e e x t e n t o f i n c o r p o r a t i o n o f t h e DMP monomer i n t o t h e co­

polymer c o u l d be l i m i t e d due t o t h e i n h i b i t i o n o f t h e f r a g ­

m e n t a t i o n o f t h e DMP by t h e presence o f PFB i n t h e plasma. 
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T h i s i s based s o l e l y on the very s m a l l i n c r e a s e i n the hydro­

carbon component o f t h e C-̂ s envelope. I t i s e x t r e m e l y un­

l i k e l y t h a t t h e fragments from DMP have become c o m p l e t e l y 

f l u o r i n a t e d i n t h e plasma l e a d i n g t o t h e i n c o r p o r a t i o n of 

m a i n l y f l u o r i n a t e d species i n t o t h e polymer which would account 

f o r t h e low l e v e l of hydrocarbon. This argument a l s o a p p l i e s 

t o t h e c o p o l y m e r i z a t i o n o f TMS/PFB. 

Due t o t h e l a c k o f independent i n f o r m a t i o n d e r i v e d from 

t h e c o r e l e v e l o f t h e group IV element i n t h e DMP/PFB co­

polymer - the group IV element i s carbon which i s p r e s e n t i n 

a l l o r g a n i c polymer f i l m s - the f a t e o f t h e c e n t r a l carbon 

atom i n t h e d i m e t h y l propane monomer cannot be det e r m i n e d . 

From t h e carbon t o f l u o r i n e s t o i c h i o m e t r y , (which a p a r t from 

the 0:C s t o i c h i o m e t r y i s t h e o n l y i n f o r m a t i o n a v a i l a b l e from 

w h i c h t o d e r i v e knowledge o f t h e b e h a v i o u r o f t h e two co-

monomers i n t h e plasma l e a d i n g t o polymer d e p o s i t i o n ) , i f b o t h 

monomers are i n c o r p o r a t e d , t h e n t h e amount o f f l u o r i n e i n t h e 

polymer f i l m s i s g r e a t e r t h a n would be exp e c t e d , i.e. 

C,:Fn r -C,:F_ compared w i t h a t h e o r e t i c a l v a l u e o f l U.bb i u./Z 
C,:F However, i f m a i n l y o n l y p e r f l u o r o b e n z e n e has been 

i n c o r p o r a t e d i n t o t h e polymer f i l m s , t h e n t h e C:F s t o i c h i o ­

m e t r i c s r e v e a l t h a t compared w i t h t h e t h e o r e t i c a l v a l u e o f 

1:1 f l u o r i n e e l i m i n a t i o n has tak e n p l a c e from t h e p e r f l u o r o ­

benzene monomer. T h i s i s i n agreement w i t h t h e evidence 

p r e s e n t e d i n t h e C, e n v e l o p e , i . e . t h e r e i s a r e d u c t i o n i n 
X fa 

t h e amount o f CF-CF and CF2 f u n c t i o n a l i t i e s compared w i t h 

t h e polymer d e r i v e d from pure p e r f l u o r o b e n z e n e . 
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5.4 Summary o f t h e Plasma C o p o l y m e r i z a t i o n o f t h e Group IV 
Compounds w i t h P e r f l u o r o b e n z e n e 

1. The c o p o l y m e r i z a t i o n o f TMT and TMG w i t h PFB, r e s u l t s 

i n a l a r g e s t a b i l i s a t i o n o f t h e o x i d a t i o n tendency o f the 

me t a l and a decrease i n the e x t e n t o f m o l e c u l a r rearrangement 

of PFB, 

2. The c o p o l y m e r i z a t i o n o f TMS and DMP w i t h PFB, a l t h o u g h 

n o t i n h i b i t i n g t h e rearrangement o f PFB r e s u l t i n polymer 

f i l m s w h i c h have o n l y /3 o f t h e amount o f CF-CF and CF_, 

n 2 

3. The amount o f t h e group IV element d e p o s i t e d i n t h e 

copolymer depends on t h e n a t u r e o f t h e element: 

(a) Both TMT/PFB and TMG/PFB plasma c o p o l y m e r i z a t i o n s r e s u l t 

i n f i l m s which show e s s e n t i a l l y r e t e n t i o n o f t h e atomic 

r a t i o o f t h e feed vapour as demonstrated by t h e amount 

o f m e t a l i n c o r p o r a t i o n i n t o t h e polymer f i l m t o g i v e 

f i l m s w i t h a p p r o x i m a t e l y 1 m e t a l atom t o every 10 carbon 

atoms. 

(b) TMS/PFB r e s u l t s i n v i r t u a l l y no i n c o r p o r a t i o n o f s i l i c o n 

i n t o t h e polymer f i l m . 

(c) DMP/PFB g i v e s r i s e t o f i l m s whose c o m p o s i t i o n , as d e t e r ­

mined from t h e C, envelope, i s d i f f e r e n t f rom t h a t p r o -

duced by pure p e r f l u o r o b e n z e n e . 

4. The amount o f t h e group I V element i n t h e plasma polymer 

a l s o shows a v a r i a t i o n w i t h t h e p o s i t i o n o f t h e s u b s t r a t e i n 

t h e r e a c t o r . G e n e r a l l y , t h e most amount o f i n c o r p o r a t i o n 

found a t t h e i n l e t w h i l s t t h e l e a s t i n c o r p o r a t i o n t a k e s p l a c e 

a t t h e end o f t h e r e a c t o r . 

5. The amount o f f l u o r i n e i n t h e copolymer f i l m s depends 

b o t h on t h e n a t u r e o f t h e group IV compound, i.e. m e t a l o r 
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non m e t a l and th e p o s i t i o n o f d e p o s i t i o n : 

(a) I n b o t h TMT/PFB and TMG/PFB c o p o l y m e r i z a t i o n s , t h e r e 

has been a c e r t a i n amount o f f l u o r i n e e l i m i n a t i o n 

o c c u r r i n g i n the d e p o s i t i o n processes such t h a t the 

copolymer has a reduced amount o f f l u o r i n e (o.f. the 

gas phase c o m p o s i t i o n ) . The amount o f f l u o r i n e i n ­

c o r p o r a t i o n a l s o shows a decrease on go i n g down t h e 

r e a c t o r , i.e. t h e h i g h e s t amount o f f l u o r i n e i s seen 

i n t h e sample d e p o s i t e d i n p o s i t i o n 1. 

(b) As a c o n t r a s t t o th e above b e h a v i o u r , t h e c o p o l y m e r i z a t i o n 

o f TMS/PFB and DMP/PFB r e s u l t s i n a h i g h e r t h a n expected 

f l u o r i n e c o n t e n t o f t h e copolymer wh i c h i n c r e a s e s w i t h 

d i s t a n c e a l o n g t h e r e a c t o r . 

6. The amount o f oxygen i n the copolymers d e r i v e d from 

TMT/PFB, TMG/PFB and TMS/PFB mixes i s g r e a t l y reduced com­

pared w i t h t h a t i n t h e TMT, TMG and TMS homopolymers. 

7. As f a r as t h e c o m p o s i t i o n o f the f l u o r i n a t e d envelope 

i s concerned, t h e major i n d i c a t i o n o f c o p o l y m e r i z a t i o n o f PFB 

w i t h one o f t h e group IV t e t r a m e t h y l compounds i s i n t h e 

g r e a t l y reduced amount o f CF-CF nand CF 2 f u n c t i o n a l groups. 
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6.1 I n t r o d u c t i o n 

There have been no ESCA s t u d i e s , t o d a t e , r e p o r t e d i n 

the l i t e r a t u r e on t h e c o m p o s i t i o n o f plasma polymers d e r i v e d 

from m i x t u r e s o f f l u o r o c a r b o n s and hydroc a r b o n s . I f each 

monomer i s p o l y m e r i z a b l e i n i t s own r i g h t t h e n e i t h e r co-

d e p o s i t i o n o r c o p o l y m e r i z a t i o n may r e s u l t depending on whether 

t h e r e i s an i n t e r a c t i o n between t h e two systems d u r i n g polymer 

f o r m a t i o n . As an example, t h e polymer produced from a 1:1 

t e t r a m e t h y l t i n / p e r f l u o r o b e n z e n e " ' ' c o m b i n a t i o n i s a t r u e co­

polymer. The t e t r a m e t h y l t i n i n h i b i t e d t h e e x t e n s i v e mole­

c u l a r rearrangement o f t h e p e r f l u o r o b e n z e n e n u c l e u s w h i l s t 

t h e o x i d a t i v e t e n d e n c i e s o f t h e t i n i n t h e homo plasma p o l y ­

mer were g r e a t l y reduced by t h e presence o f t h e p e r f l u o r o -

a r o m a t i c i n t h e copolymer. 

To g a i n an u n d e r s t a n d i n g o f t h e d i f f e r e n t b e h a v i o u r s 

shown by f l u o r o c a r b o n and hydroc a r b o n based plasmas, Yasuda 
2 

et al has conducted a s t u d y on a comparison o f t h e plasma 

p o l y m e r i z a t i o n b e h a v i o u r o f hydrocarbons w i t h t h e i r analogous 

p e r f l u o r o c a r b o n s under c l o s e d system c o n d i t i o n s . Each 

monomer was p o l y m e r i z e d i n d e p e n d e n t l y , a l t h o u g h s u b j e c t t o 

t h e same e x p e r i m e n t a l c o n d i t i o n s o f p o s i t i o n , l e n g t h o f de­

p o s i t i o n , eta., and i n almost a l l cases polymer f o r m a t i o n 

was s l o w e r i n t h e p e r f l u o r o c a r b o n plasmas. However, a know­

ledge o f t h e independent b e h a v i o u r o f t h e two monomers i n a 

plasma cannot be used n e c e s s a r i l y t o p r e d i c t t h e b e h a v i o u r 

o f each i n a s i t u a t i o n where b o t h monomers are p r e s e n t . I n 

t h e case o f t h e m a t e r i a l d e r i v e d from t e t r a m e t h y l t i n and p e r -

f l u o r o b e n z e n e , ^ t h e s t r u c t u r e and c o m p o s i t i o n o f t h e copolymer 

c o u l d n o t have been de t e r m i n e d by a p r i o r knowledge o f t h e 

c o m p o s i t i o n o f each o f t h e i n d i v i d u a l l y plasma p o l y m e r i z e d 

monomers. 
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A l t h o u g h t h e l i t e r a t u r e c o n t a i n s v e r y few r e p o r t s on 

c o p o l y m e r c o m p o s i t i o n , s e v e r a l a u t h o r s have e x a m i n e d t h e 
3 

d e p o s i t i o n r a t e o f c o p o l y m e r s y s t e m s . B e l l et al s t u d i e d 

t h e d e p o s i t i o n r a t e o f t e t r a f l u o r o e t h y l e n e / e t h y l e n e p o l y m e r s 

p r o d u c e d by v a r y i n g t h e c o m p o s i t i o n o f each monomer i n t h e 

p l a s m a . They r e p o r t e d t h a t t h e d e p o s i t i o n r a t e o f t h e c o ­

p o l y m e r c o u l d n o t be e x p l a i n e d by s i m p l y summing t h e s e p a r a t e 

d e p o s i t i o n r a t e s o b t a i n e d f o r each monomer. I t was s u g g e s t e d 

t h a t a s y n e r g i s t i c e f f e c t , on d e p o s i t i o n r a t e , e x i s t e d b e t w e e n 

t h e t w o compounds. 
4 

S i m i l a r l y , I n a g a k i et al n o t e d t h a t t h e r a t e o f c o ­

p o l y m e r f o r m a t i o n r e a c h e d a maximum a t a 1:1 m o l a r r a t i o o f 

methane and t e t r a f l u o r o m e t h a n e . As an i n d i c a t i o n t h a t t h e 

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

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

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

phase i n c r e a s e d . T h i s i n c r e a s e i n d e p o s i t i o n r a t e has a l s o 

b een n o t i c e d i n t h e 1:1 plasma p o l y m e r i z a t i o n o f c y c l o h e x a n e 
5 

and p e r f l u o r o d i m e t h y l c y c l o h e x a n e , i n t h e p r o d u c t i o n o f d i ­

e l e c t r i c l a y e r s . 

C o p o l y m e r i z a t i o n c a n be use d t o f o r m p o l y m e r i c f i l m s 

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

s u c h an e x a m p l e i s seen i n t h e pl a s m a c o p o l y m e r i z a t i o n o f 
4 

methane and t e t r a f l u o r o m e t h a n e . CF^ i n a p u r e gas p l a s m a 

does n o t g i v e r i s e t o a plasma p o l y m e r , b u t i s i n f a c t a 

v e r y good e t c h a n t due t o t h e l a r g e amount o f r e a c t i v e f l u o r ­

i n e p r o d u c e d i n t h e plasma.** However, i n t h e p r e s e n c e o f 
4 

t h e h y d r o c a r b o n p o l y m e r f o r m a t i o n o c c u r s . T h i s e t c h i n g 
b e h a v i o u r o f f l u o r i n e can be u s e d t o a d v a n t a g e i n t h e i n c o r -

7 
p o r a t i o n o f m e t a l s i n t o t h e p l a s m a p o l y m e r . I n t h e p r e s e n c e 
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o f a p e r f l u o r o p r o p a n e plasma and molybdenum m e t a l v o l a t i l e 

f l u o r i d e s a r e f o r m e d by c h e m i c a l e t c h i n g o f t h e m e t a l w h i c h 
g 

a r e t h e n i n c o r p o r a t e d i n t o t h e g r o w i n g p o l y m e r f i l m . Kay 

has d e m o n s t r a t e d t h a t t h e m a i n e f f e c t o f C F 4 p l a s m a s can 

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

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

t h e s e t w o p r o c e s s e s b e i n g c o n t r o l l e d by t h e amount o f h y d r o g e n 

added t o t h e p e r f l u o r o m e t h a n e . T h i s change o f c h a r a c t e r o f 

t h e c o p l a s m a f r o m a b l a t i v e t o n o n - a b l a t i v e i s a c h i e v e d b y 

t h e s c a v e n g i n g a c t i o n o f h y d r o g e n w h i c h r e a c t s w i t h t h e 

a b l a t i v e f l u o r i n e t o f o r m h y d r o g e n f l u o r i d e . 
T h e r e a r e s e v e r a l e x a m p l e s t o be f o u n d i n t h e p a t e n t 

9 a - d 

l i t e r a t u r e on c o p o l y m e r i z a t i o n . ' An o r g a n i c p h o t o -

c o n d u c t o r f i l m w i t h i n c r e a s e d s e n s i t i v i t y i n t h e n e a r I R 

r e g i o n was o b t a i n e d b y m i x i n g a h a l o g e n c o n t a i n i n g compound 
9a 

w i t h an o r g a n i c h y d r o c a r b o n . A l a s e r beam r e c o r d i n g 

m a t e r i a l has b e e n p r o d u c e d by t h e c o p o l y m e r i z a t i o n o f c a r b o n 

d i s u l p h i d e w i t h an o r g a n i c monomer s u c h as s t y r e n e , w i t h 

t h e s i m u l t a n e o u s e v a p o r a t i o n o f a m e t a l , o n t o a g l a s s o r 
9b 

p o l y e s t e r s u p p o r t . S i m i l a r l y , p o l y m e r membranes w e r e 
f o r m e d by t h e p l a s m a c o p o l y m e r i z a t i o n o f an arene monomer 

9c 
v a p o u r and c a r b o n d i s u l p h i d e . 

The c o p o l y m e r i z a t i o n o f h y d r o c a r b o n s and h a l o g e n a t e d 

h y d r o c a r b o n s has r e s u l t e d i n t h e p r o d u c t i o n o f a p o s i t i v e 
9d 

r a d i a t i o n r e s i s t c o a t i n g . T h i s p o l y m e r i z a t i o n was c a r r i e d 

o u t i n t h e p r e s e n c e o f a non p o l y m e r i z a b l e gas s u c h as 

ammonia, c a r b o n d i o x i d e o r s u l p h u r d i o x i d e w h i c h was s a i d 

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

A p o s i t i v e r e s i s t f o r vacuum l i t h o g r a p h y has a l s o been f o r m e d 
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by t h e c o p o l y m e r i z a t i o n o f m e t h y l m e t h a c r y l a t e and h e x a -

f l u o r o b u t y l s t y r e n e t o f o r m an e l e c t r o n beam r e s i s t w i t h 
, ... 10 i n c r e a s e d s e n s i t i v i t y . 

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

a e r y l o n i t r i l e , s t y r e n e , p o l y m e t h y l m e t h a c r y l a t e o r c o m b i n ­

a t i o n s o f 1:1 m i x t u r e s have been p o l y m e r i z e d o n t o p a c k i n g 

u s e d f o r g a s - l i q u i d c h r o m a t o g r a p h y columns."'""'" The e f f e c t ­

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

c o m p a r i s o n w i t h t h e same p a c k i n g m a t e r i a l b e f o r e c o a t i n g . 

L i k e t h e g e n e r a l s c i e n t i f i c l i t e r a t u r e , t h e p a t e n t 

l i t e r a t u r e a l s o s u f f e r s f r o m an a l m o s t c o m p l e t e l a c k o f 

p l a s m a c o p o l y m e r c h a r a c t e r i z a t i o n as e v i d e n c e d b y t h e l a c k 

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

c i t e d e x a m p l e s . 

F o l l o w i n g t h e r e s u l t s on t h e c o p o l y m e r i z a t i o n o f p e r -
12 

f l u o r o b e n z e n e and t h e g r o u p I V t e t r a m e t h y l compounds, t h e 

b e h a v i o u r o f m i x t u r e s o f f l u o r o c a r b o n compounds w i t h h y d r o ­

c a r b o n s was i n v e s t i g a t e d . The f i r s t h a l f o f t h i s c h a p t e r 

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

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

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

as d e t e r m i n e d by ESCA; o f b e n z e n e / p e r f l u o r o b e n z e n e , n a p h t h a l e n e / 

o c t a f l u o r o n a p h t h a l e n e , and b i p h e n y l / d e c a f l u o r o b i p h e n y l u n d e r 

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

p o l y m e r p r o d u c e d by t h e c o p o l y m e r i z a t i o n o f t w o p e r f l u o r o -

a r o m a t i c monomers, p e r f l u o r o b e n z e n e and o c t a f l u o r o n a p h t h a l e n e , 

i s a l s o e x a m i n e d . The b e h a v i o u r on c o p o l y m e r i z i n g an a r o m a t i c 

f l u o r o c a r b o n o r h y d r o c a r b o n w i t h a s e r i e s o f s i x - m e m b e r e d 

r i n g compounds ( h y d r o c a r b o n o r f l u o r o c a r b o n r e s p e c t i v e l y ) 



c o n t a i n i n g an 

i n t h e l a t t e r 

i n c r e a s i n g amount o f u n s a t u r a t i o n 

p a r t o f t h i s c h a p t e r . 

i s d i s c u s s e d 

6.2 E x p e r i m e n t a l 

These p r e l i m i n a r y s t u d i e s on p l a s m a c o p o l y m e r i z a t i o n 

o f m i x e d f l u o r o c a r b o n / h y d r o c a r b o n s y s t e m s were c a r r i e d o u t 

i n t h e hope o f g a i n i n g a q u a l i t a t i v e f e e l f o r t h e e f f e c t on, 

and any t r e n d s i n , p o l y m e r c o m p o s i t i o n . Due t o p r a c t i c a l 

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

d e p o s i t i o n w e r e n o t s t r i n g e n t l y c o n t r o l l e d . The l o w e r 

o v e r a l l v a p o u r p r e s s u r e o f some o f t h e c o m b i n e d s y s t e m s seemed 

t o r e q u i r e a h i g h e r power t o s u s t a i n a s t a b l e p l a s m a , hence 

t h e n a p h t h a l e n e s and b i p h e n y l s w e r e p o l y m e r i z e d u s i n g powers 

o f 30 and 50W r e s p e c t i v e l y , w h i l s t t h e o t h e r s w e r e p o l y m e r i z e d 

u s i n g 10W p l a s m a s . A l l d e p o s i t i o n s w e r e c a r r i e d o u t o v e r a 

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

u n l e s s s p e c i f i e d o t h e r w i s e . 

A f u l l e r a c c o u n t o f e x p e r i m e n t a l d e t a i l s i s g i v e n i n 

C h a p t e r Two. 

6.3 R e s u l t s and D i s c u s s i o n 

6.3.1 Plasma P o l y m e r i z a t i o n o f P e r f l u o r o b e n z e n e (PFB) 
and Benzene (B) - 1:1 R a t i o 

T y p i c a l C^ g, and 0^ g c o r e l e v e l s p e c t r a 

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

a t i o n o f a 1:1 gas phase r a t i o o f B/PFB a r e d i s p l a y e d i n 

F i g u r e 6.1. A l s o shown i n F i g u r e 6.1 i s a peak f i t o f t h e 
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A PfB/B 1:1 A 
x 0 63 x 15 x 

530 695 685 535 285 690 290 295 

BINDING ENERGIES / eV 

P L A S M A POLYMERISED 
HOMOPOLYMER C , F 

CF-CF CF n 

CF 2 
C-CF CF 

CH V 
Component analysis of C t s envolope 

FIGURE 6.1 Core l e v e l s p e c t r a from PFB/B d e r i v e d plasma 
copolymer and a component peak f i t o f t h e C ^ = 

e n v e l o p e s f o r PFB and PFB/B plas m a p o l y m e r s 

C, e n v e l o p e o f t h e copolymer and f o r c o m p a r i s o n , a peak 
JL w 

f i t o f a t y p i c a l C, e n v e l o p e from a pure PFB p l a s m a polymer. 

The most s t r i k i n g f e a t u r e of t h e copolymer i s i n t h e shape 

of t h e C,_ e n v e l o p e . As w i t h t h e TMT/PFB and TMG/PFB c o -
J. s 

p o l y m e r s , t h e p o l y m e r i z a t i o n of PFB i n t h e p r e s e n c e of benzene 

ha s r e s u l t e d i n an i n h i b i t i o n o f t h e e x t e n s i v e r e a r r a n g e m e n t 

of t h e p e r f l u o r o b e n z e n e n u c l e u s . 
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The C^ s c o r e l e v e l s p e c t r u m shows a main p h o t o -

i o n i s a t i o n peak a t 285.OeV due t o c a r b o n - c a r b o n and c a r b o n -

h y d r o g e n e n v i r o n m e n t s . Peaks a t 286.5, 287.9, 289.3, 290.9, 

293.0 and 295.2eV f o r m t h e s h o u l d e r t o h i g h e r b i n d i n g e n e r g i e s 

o f t h e m a i n peak. The f u n c t i o n a l i t i e s w h i c h g i v e r i s e t o 

t h e s e component p e a k s a r e C-CF, C F , C F - C F , C F ^ , C F ^ and T T + T T * 

s h a k e - u p e n v i r o n m e n t s r e s p e c t i v e l y . These same f u n c t i o n a l ­

i t i e s a r e p r e s e n t i n a plasma p o l y m e r o f p u r e p e r f l u o r o -

b e n z e n e . A l t h o u g h t h e same f u n c t i o n a l i t i e s a r e p r e s e n t i n 

t h e c o p o l y m e r t h e d i s t r i b u t i o n o f t h e component peaks a r i s i n g 

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

h i g h e r b i n d i n g e n e r g y p a r t o f t h e s p e c t r u m . Of t h e peaks 

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

a t i n g f u n c t i o n a l i t y i s s t i l l C-F. The m a j o r d i f f e r e n c e 

b e t w e e n p u r e p l a s m a p o l y m e r i z e d PFB and a c o p o l y m e r o f PFB/B 

i s i n t h e amount o f CF-CF^ and CF~ f u n c t i o n a l i t i e s w h i c h a r e 
— n 2 

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

To e m p h a s i s e t h e d i f f e r e n c e i n r e l a t i v e peak 

c o n t r i b u t i o n s a r i s i n g f r o m t h e v a r i o u s C-F e n v i r o n m e n t s i n 

t h e homo- and c o p l a s m a p o l y m e r s , t h e peak i n t e n s i t i e s o f b o t h 

Cj, s e n v e l o p e s - c o r r e c t e d f o r h y d r o c a r b o n - a r e shown i n 

T a b l e 6.1. U n c o r r e c t e d v a l u e s f o r t h e PFB/B c o p o l y m e r a r e 

g i v e n i n b r a c k e t s u n d e r n e a t h . 

TABLE 6.1 P e r c e n t a g e i n t e n s i t i e s o f t h e component p e a k s o f 
t h e C, e n v e l o p e s f r o m p l a s m a p o l y m e r s p r o d u c e d by 
PFB ana PFB/B i n a 1;1 r a t i o c o r r e c t e d f o r h y d r o ­
c a r b o n - " U n c o r r e c t e d v a l u e s f o r PFB/B i n b r a c k e t s 

Peak A s s i g n m e n t CH C-CF CF CF-CF CF 0 CF, TT + T T * 

PFB - 26 33 16 15 8 2 

PFB/B 1 21 50 6 12 7 4 

(48) (11) (26) (3) (6) (4) (2) 
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T h i s peak a s s i g n m e n t was b a s e d on t h e component 

peak a n a l y s i s o f p l a s m a p o l y m e r s d e r i v e d f r o m p e r f l u o r o -

b e n zene. Two f a c t o r s , h o w e v e r , s u g g e s t t h a t peak a s s i g n m e n t 

i s n o t as s t r a i g h t f o r w a r d as i t m i g h t a t f i r s t a p p e a r : 

1. The c h e m i c a l s h i f t s o f t h e component peaks o f t h e C-^S 

e n v e l o p e , e s p e c i a l l y t h o s e f o r m a l l y a s s i g n e d t o C-CF, 

CF and CF-CF a r e d i f f e r e n t , b e i n g s h i f t e d t o l o w e r — n i n 

b i n d i n g e n e r g i e s i n t h e c o p o l y m e r , ( T a b l e 6 . 2 ) . 

2. The b i n d i n g e n e r g y o f t h e peak a s s i g n e d t o C-F g r o u p s 

i s , i n f a c t , a t t h e same b i n d i n g e n e r g y as t h e a r o m a t i c 

C-F peak i n t h e ESCA C^g s p e c t r u m o f t h e c o n d e n s e d 
13 . 

monomer, r .e . e q u a t e s t o CF-CF a r o m a t i c . S i m i l a r l y , 

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

o f c o n d e n s e d o c t a f l u o r o n a p h t h a l e n e c o r r e s p o n d s t o t h a t 

o b s e r v e d i n t h e C^s e n v e l o p e f r o m t h e o c t a f l u o r o n a p h -

t h a l e n e / n a p h t h a l e n e c o p o l y m e r . F u r t h e r , w h e r e c o p o l y ­

m e r i z a t i o n o f p e r f l u o r o b e n z e n e w i t h a n o t h e r monomer has 

r e s u l t e d i n an i n h i b i t i o n o f r e a r r a n g e m e n t o f t h e PFB 

n u c l e u s , t h e s h i f t e x h i b i t e d by t h e CF a s s i g n e d componen 

peak i s a l w a y s r e d u c e d f r o m t h a t e x h i b i t e d i n t h e C^ s 

s p e c t r u m o f p u r e p e r f l u o r o b e n z e n e . T h i s s u g g e s t s t h a t 

t h e peak a r i s i n g a t ̂ 287.9eV i s i n f a c t f r o m a r o m a t i c 

C-F d e r i v e d i n t h i s i n s t a n c e f r o m t h e p e r f l u o r o b e n z e n e 

monomer. TABLE 6.2 C h e m i c a l s h i f t s - eV f r o m 285.0 - i n t h e C l g 

e n v e l o p e s o f p l a s m a p o l y m e r i z e d p e r f l u o r o b e n z e n e 
and p e r f l u o r o b e n z e n e / b e n z e n e p o l y m e r s . 

Peak A s s i g n m e n t C--CF CF CF- -CF 
n 

CF L 2 CF ^ 3 7T-*TT * 

PFB 1 7 3.3 4 5 6.2 8.3 10. 2 

PFB/B 1 5 2.9 4 3 5.9 8.1 10. 2 
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T h i s e v i d e n c e , t o g e t h e r w i t h t h e s t e p f u n c t i o n 

i n t h e C, e n v e l o p e and t h e p r o n o u n c e d s h a k e - u p s a t e l l i t e s i n 

b o t h t h e F, and C, c o r e l e v e l s p e c t r a a t t e s t s t o t h e more I s i s ^ 
p r o n o u n c e d a r o m a t i c n a t u r e o f t h e d e p o s i t e d p o l y m e r f i l m , i.e. 

t h e p r e s e n c e o f a r o m a t i c CF i n d i c a t e s t h a t a g r e a t e r d e g r e e 

o f t h e u n s a t u r a t e d PFB monomer s t r u c t u r e i s r e t a i n e d i n t h e 

pl a s m a c o p o l y m e r . The a r o m a t i c n a t u r e o f benzene may a l s o 

be r e t a i n e d upon c o p o l y m e r i z a t i o n , h o w e v e r t h e r e s o l u t i o n o f 

t h e ESCA s p e c t r o m e t e r , t o g e t h e r w i t h t h e v e r y s m a l l c h e m i c a l 

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

l e a d s t o t h e p r o d u c t i o n o f o n l y 1 peak i n t h e C^ s e n v e l o p e : 

t h a t i s , t h e component peak a t 2 85.0eV a s s i g n e d t o h y d r o c a r b o n . 

Thus no i n f o r m a t i o n can be d e r i v e d f r o m ESCA a b o u t t h e s t a t e 

o f t h e b e n z e n e n u c l e u s i n t h e c o p o l y m e r . 

F o r t h e sake o f c o m p l e t e n e s s i t s h o u l d be m e n t i o n e d 

h e r e t h a t i n a s t u d y on t h e p l a s m a p o l y m e r s d e r i v e d f r o m t h e 
14 

s e r i e s o f f l u o r i n a t e d b e n z e n e s , as t h e d e g r e e o f f l u o r i n a t i o n 

d e c r e a s e d , t h e b i n d i n g e n e r g y o f t h e F c o r e l e v e l i n p a r t i c -
_L S 

u l a r was a l s o f o u n d t o d e c r e a s e . A l t h o u g h a s i m i l a r e f f e c t 

may be t a k i n g p l a c e on t h e b i n d i n g e n e r g y s h i f t s s een i n t h e 

C^s e n v e l o p e due t o t h e p r e s e n c e o f h y d r o g e n , t h e p o l y m e r i s 

no l o n g e r p e r f l u o r i n a t e d - t h e o t h e r e v i d e n c e , n o t e d a b o v e , 

s u g g e s t s t h a t t h i s i s n o t t h e w h o l e a n s w e r . 

F u r t h e r c o m p l i c a t i o n s a r i s e i n t h e i n t e n s i t y o f 

t h e component peaks o f t h e C^g e n v e l o p e due t o t h e p r e s e n c e 

o f a s t e p f u n c t i o n . T h i s s t e p f u n c t i o n i s t h o u g h t t o be 13 due t o t h e p r e s e n c e o f l o n g r a n g e u n s a t u r a t i o n i n t h e p o l y m e r 
and i s d i s c u s s e d i n more d e t a i l i n C h a p t e r T h r e e . As has 
a l r e a d y b e e n p o i n t e d o u t t h e m e t h o d o f l i n e a r b a c k g r o u n d s u b -
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t r a c t i o n used by t h e DS300 can c a u s e p r o b l e m s i n peak s y n ­

t h e s i s e s p e c i a l l y where t h e r e i s a l a r g e asymmetry o f t h e 

C, p h o t o i o n i s a t i o n peak as i n t h e t e t r a m e t h y l g e r m a n i u m / 

p e r f l u o r o b e n z e n e c o p o l y m e r . I f t h e s t e p f u n c t i o n i s v e r y 

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

r o u t i n e c a n cause t h e a p p e a r a n c e o f peaks a t h i g h e r b i n d i n g 

e n e r g i e s , e s p e c i a l l y t h o s e a s s o c i a t e d w i t h CF^ and T T + T T * s h a k e -

up e n v i r o n m e n t s , w h i c h a r e n o t a t a l l a p p a r e n t i n t h e C^s c o r e 

l e v e l . I n t h i s i n s t a n c e , t h e C^ s e n v e l o p e o f t h e PFB/B 

d e r i v e d m a t e r i a l s u g g e s t s ' a t a g l a n c e ' t h e p r e s e n c e o f CF^> 

CF^ and T T + T T * s h a ke-up e n v i r o n m e n t s , and t h e f a c t t h a t t h e peak 

a s y m m e t r y i s n o t l a r g e means t h a t t h e r e i s l i t t l e u n c e r t a i n t y 

o v e r peak i n t e n s i t i e s . To c h e c k t h e peak a s s i g n m e n t , and 

t h e i r i n t e n s i t i e s , t h e v a l u e s o f t h e F:C s t o i c h i o m e t r y ob­

t a i n e d by b o t h methods (F. /C. a r e a r a t i o and f r o m t h e C. 
J I s I s I s 

e n v e l o p e ) w e r e compared. T h e r e was v e r y good a g r e e m e n t (0.49 

c f . 0.53) i n d i c a t i n g t h a t peak a s s i g n m e n t was c o r r e c t . I t 

s h o u l d be b o r n e i n m i n d , h o w e v e r , t h r o u g h o u t t h e f o l l o w i n g 

c h a p t e r t h a t t h e p r e s e n c e o f a s t e p f u n c t i o n i n t h e C^ s e n v e l ­

ope, d e p e n d i n g on i t s m a g n i t u d e , c o u l d l e a d t o e r r o r s i n t h e 

i n t e n s i t y o f f u n c t i o n a l g r o u p component p e a k s a t h i g h e r b i n d i n g 

e n e r g i e s . 

I t s h o u l d a l s o be n o t e d t h a t t h e r e w i l l be some 

c o n t r i b u t i o n s t o t h e CF2 and CF^ i n t e n s i t i e s a r i s i n g f r o m 

s h a k e - u p s a t e l l i t e s due t o u n s a t u r a t e d h y d r o c a r b o n , i f as e x ­

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

n a t u r e , s i n c e t h e T T + T T * s h a k e - u p s a t e l l i t e due t o u n s a t u r a t e d 

h y d r o c a r b o n o c c u r s some 7eV t o h i g h e r b i n d i n g e n e r g i e s f r o m 

285. OeV."*"̂  I n t h e p o l y m e r d e r i v e d f r o m p u r e p e r f l u o r o b e n z e n e 
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t h e p r o b a b i l i t y o f sh a k e - u p a r i s i n g f r o m h y d r o c a r b o n i s ex­

t r e m e l y s m a l l and can be e f f e c t i v e l y i g n o r e d as t h e o n l y s o u r c e 

o f h y d r o c a r b o n i s from c o n t a m i n a t i o n . I n a c o p o l y m e r , t h e 

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

and c a n no l o n g e r be assumed t o be n e g l i g i b l e . T h i s may 

a l s o a c c o u n t f o r t h e s l i g h t l y g r e a t e r F:C s t o i c h i o m e t r y c a l ­

c u l a t e d by u s i n g t h e i n t e n s i t i e s o f t h e component peaks o f 

t h e C, e n v e l o p e . I s ^ 

The F. c o r e l e v e l , p r e s e n t a t a b i n d i n g e n e r g y 
_L S 

o f 688.OeV i s v e r y i n t e n s e and c o n s i s t s o f one m a i n p h o t o -

i o n i s a t i o n peak due t o C-F e n v i r o n m e n t s . The b i n d i n g e n e r g y 

o f f l u o r i n e has d e c r e a s e d f r o m t h a t i n p u r e PFB p l a s m a p o l y m e r 

by a b o u t l.OeV. T h i s s h i f t i s s i m i l a r i n m a g n i t u d e t o t h a t 
14 

o b s e r v e d by C l a r k and AbRahman on g o i n g t o p l a s m a p o l y m e r i z e d 

m o n o f l u o r o b e n z e n e f r o m p e r f l u o r o b e n z e n e . The p r e s e n c e o f t h e 

v e r y p r o n o u n c e d T r + i r * s h a k e - u p e n v i r o n m e n t some 8eV t o h i g h e r 
17 

b i n d i n g e n e r g i e s , w h i c h has a l r e a d y b e e n m e n t i o n e d , i s due 
t o f l u o r i n e w h i c h i s a t t a c h e d t o u n s a t u r a t e d c a r b o n , i.e. 

17 

C=C-F g r o u p s . Peak a r e a r a t i o s o f t h e F ^ s / C i s c o r e l e v e l s 

i n d i c a t e a s t o i c h i o m e t r y o f C ^ : F
0 49 ^ o r the p o l y m e r f i l m . 

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

t h e b e n z e n e monomer, t h i s w o u l d i n d i c a t e t h a t t h e r e has been a 

1:1 i n c o r p o r a t i o n o f benzene and p e r f l u o r o b e n z e n e i n t o t h e 

pl a s m a p o l y m e r i f , as i n t h e p u r e PFB p l a s m a p o l y m e r , f l u o r ­

i n e e l i m i n a t i o n does n o t p l a y a d o m i n a n t r o l e i n p o l y m e r f o r m ­

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

b enzene monomer i n d i c a t i n g t h a t as w i t h TMT, c o p o l y m e r i z a t i o n 

and n o t c o d e p o s i t i o n has t a k e n p l a c e . S t u d i e s u s i n g a 70° 

t a k e - o f f a n g l e r e v e a l t h a t t h e p o l y m e r i s v e r t i c a l l y homo-
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g e n e o u s , w i t h r e s p e c t t o t h e C:F s t o i c h i o m e t r y , t h r o u g h o u t 

t h e s a m p l i n g d e p t h o f t h e C, c o r e l e v e l , and t h a t o f t h e 
A. S 

amount o f o x y g e n r e v e a l e d a t a 3 5 ° t a k e - o f f a n g l e - C^:CQ Q2 ~ 

a l a r g e p r o p o r t i o n o f t h a t i s p r e s e n t a t t h e s u r f a c e . T h a t 

i s , as i n t h e p l a s m a p o l y m e r d e r i v e d f r o m p u r e P F B , s u r f a c e 

o x i d a t i o n o f t h e c o p o l y m e r t a k e s p l a c e on e x p o s u r e t o t h e 
1 8 

a t m o s p h e r e s u b s e q u e n t t o p r e p a r a t i o n . The e x t e n t o f 

o x i d a t i o n i s n o t v e r y g r e a t , b u t i n d i c a t e s t h a t t h e r e a r e 

s t i l l p r e s e n t i n t h e p o l y m e r m a t r i x r e a c t i v e s i t e s w h i c h 

r e a c t w i t h o x y g e n , i.e. u n p a i r e d e l e c t r o n s a r e t r a p p e d i n 

t h e p o l y m e r m a t r i x d u r i n g p l a s m a p o l y m e r i z a t i o n . 
The 0, c o r e l e v e l , a t 533.2eV b i n d i n g e n e r g y , J. s 

i s b r o a d and a r i s e s f r o m t h e v a r i o u s o x y g e n c o n t a i n i n g f u n c t ­

i o n a l i t i e s , n a m e l y C-0 and C=0 g r o u p s , as i n t h e p u r e p l a s m a 

p o l y m e r , component p e a k s c a n n o t be r e s o l v e d . The d e p o s i t i o n 

r a t e - n o t m e a s u r e d - was s u c h t h a t t h e a l u m i n i u m s u b s t r a t e 

was n o t v i s i b l e a f t e r a 5 m i n u t e d e p o s i t i o n p e r i o d . 

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

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

The n e x t few p a r a g r a p h s d i s c u s s t h e e f f e c t s o f d e p o s i t i o n , w i t h 

r e s p e c t t o s a m p l e p o s i t i o n w i t h i n t h e r e a c t o r , 150°C s u b s t r a t e 

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

o f a n o m i n a l l y 1:1 PFB/B p l a s m a c o p o l y m e r . 

The c o m p o s i t i o n o f t h e C^ g e n v e l o p e f r o m t h e 

p o l y m e r d e p o s i t e d a t t h e end o f t h e r e a c t o r - a l t h o u g h s t i l l 

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

f r o m t h e c o m p o s i t i o n o f t h e s a mple i n t h e c o i l r e g i o n - T a b l e 6.3. 
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T A B L E 6.3 P e r c e n t a g e C o m p o s i t i o n o f t h e C^g e n v e l o p e s o f 
t h e PFB~7B d e r i v e d P o l y m e r s d e p o s i t e d i n t h e c o i l 
r e g i o n and a t t h e end o f t h e r e a c t o r 

B i n d i n g E n e r g i e s / e V 285.0 286.45 287.9 289.25 290.8 293.05 295.15 

^ o i l r e g i o n 

end o f r e a c t o r 

48 11 26 3 6 4 2 

47 13 24 5 6 4 1 

The sample d e p o s i t e d i n t h e c o i l r e g i o n w o u l d a p p e a r t o be 

r i c h e r i n t h e c o m ponent peak o f 287.9eV w i t h an a s s o c i a t e d 

g r e a t e r i n t e n s i t y o f t h e T T - > - T T * s h a k e - u p s a t e l l i t e , and have a 

s m a l l e r c o n t r i b u t i o n f r o m t h e peak a t 286.5eV a s s i g n e d t o 

C-CF s t r u c t u r a l f e a t u r e s . These t h r e e d i f f e r e n c e s w o u l d 

t e n t a t i v e l y s u g g e s t t h a t a g r e a t e r d e g r e e o f r e t e n t i o n o f t h e 

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

d e p o s i t i o n i n t h e c o i l r e g i o n . T h i s i s n o t t h e e x p e c t e d 

r e s u l t s i n c e t h e a r e a o f g r e a t e s t power d e n s i t y i s i n t h e 
19 

c o i l r e g i o n a n d t h e r e f o r e t h e g r e a t e s t amount o f f r a g m e n t a t i o n 

m i g h t be e x p e c t e d t o o c c u r i n t h i s z o n e . I n t h e a bsence o f 

more d e t a i l e d s t u d i e s i n t h e c o p o l y m e r i z a t i o n o f 1:1 m i x e s o f 

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

r e a l o r j u s t a p p a r e n t . The F ^ S
: C ^ S s t o i c h i o m e t r y o f t h e 

d e p o s i t e d c o p o l y m e r i s 1:0.49, i.e. as i n t h e s a mple d e p o s i t e d 

i n t h e c o i l r e g i o n , t h e r e i s a 1:1 c o m p o s i t i o n o f t h e d e p o s i t e d 

c o p o l y m e r f i l m . T h i s i s i n c o n t r a s t t o t h e r e s u l t s o b t a i n e d 
18 

f o r p l a s m a p o l y m e r i z e d PFB w h e r e t h e F:C s t o i c h i o m e t r y o f 

t h e d e p o s i t e d f i l m has b een r e p o r t e d as b e i n g r i c h e r i n f l u o r ­

i n e i n t h e t a i l r e g i o n o f t h e r e a c t o r i n c o m p a r i s o n t o t h e 

c o i l r e g i o n . The F:C s t o i c h i o m e t r y a l s o i n d i c a t e s t h a t , as 
18 

i n t h e p l a s m a p o l y m e r i z a t i o n o f p u r e p e r f l u o r o b e n z e n e , 

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

up t o d e p o s i t i o n . 
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The O. :C, s t o i c h i o m e t r y o f t h e p o l y m e r d e o o s -l s I s x 

i t e d a t t h e end o f t h e r e a c t o r shows a s l i g h t i n c r e a s e i n 

ox y g e n c o n t e n t (0.03 c.f. 0.02). However t h i s may j u s t be 

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

f i l m t o a t m o s p h e r e , as t h e sample d e p o s i t e d i n t h e c o i l r e g i o n 

was a n a l y s e d f i r s t . 

The 1:1 c o p o l y m e r d e p o s i t e d a t a s u b s t r a t e 

t e m p e r a t u r e o f 150°C w o u l d a p p e a r f r o m t h e C-^S and F ^ G peak 

a r e a s t o b e , i n f a c t , r i c h e r i n t h e h y d r o c a r b o n component 

(C-^:FQ ^ ) and t h i s i s b a c k e d up by t h e c o m p o s i t i o n o f t h e 

C^ S e n v e l o p e w h i c h i s d o m i n a t e d by t h e peak a t 285.OeV. How­

e v e r , t h i s r e s u l t may n o t be an i n d i c a t i o n o f t h e s e l e c t i v e 

i n c o r p o r a t i o n o f benzene i n t o t h e c o p o l y m e r a t h i g h e r s u b ­

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

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

s u l t s o b t a i n e d f o r c o p o l y m e r c o m p o s i t i o n by v a r y i n g t h e gas 
20 

phase m i x t u r e o f c^o F8 /' ('10 f I8 s u g g e s t t h a t t h e gas phase 

c o m p o s i t i o n i s r e f l e c t e d i n t h e p o l y m e r f i l m . F u r t h e r , 

t h e p l a s m a p o l y m e r i z a t i o n o f p e r f l u o r o b e n z e n e a t a s u b s t r a t e 

t e m p e r a t u r e o f 150°C r e s u l t s i n a p o l y m e r whose c o m p o s i t i o n 

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

( C h a p t e r T w o ) , so i t i s d i f f i c u l t t o see why i n t h e p r e s e n t 

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

d e p o s i t w h i c h i s r i c h e r i n b e n z e n e , i f t h e gas phase i s a 1:1 

r a t i o o f t h e t w o monomers. To add f u r t h e r d o u b t on t h e 

s e l e c t i v e i n c o r p o r a t i o n o f b e n z e n e , h y d r o c a r b o n s a r e u s u a l l y 
21 

l e s s t h e r m a l l y s t a b l e t h a n f l u o r o c a r b o n s , b u t w i t h o u t a 

d e t a i l e d s t u d y on t h e d e p o s i t i o n r a t e o f benzene a t t h e two 

d i f f e r e n t t e m p e r a t u r e s t h i s c a n n o t be u s e d as a c o n c l u s i v e 

a r g u m e n t . 



A c c e p t i n g t h a t t h e r e has been l e s s i n c o r p o r a t i o n 

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

i n t e n s i t i e s o f t h e component peaks o f t h e C^ s e n v e l o p e s t i l l 

r e f l e c t t h e l a c k o f e x t e n s i v e r e a r r a n g e m e n t o f t h e p e r f l u o r o -

b e nzene n u c l e u s , i.e. t h e e x c e s s h y d r o c a r b o n has n o t d i s t u r b e d 

t h e component d i s t r i b u t i o n due t o f l u o r i n e c o n t a i n i n g f u n c t ­

i o n a l i t i e s . T h i s i n t u r n s u g g e s t s t h a t i f a 1:1 r e a c t i o n 

i s needed i n t h e gas phase t o r e s u l t i n s t a b i l i z a t i o n o f t h e 

p a r e n t monomers i n t h e c o p o l y m e r , t h e n a r e d u c t i o n o f p e r -

f l u o r o b e n z e n e w i l l r e s u l t i n a l a c k o f r e t e n t i o n o f c o n f i g u r ­

a t i o n o f t h e e x c e s s benzene m o l e c u l e s . U n f o r t u n a t e l y , any 

e f f e c t on be n z e n e i s n o t v i s i b l e i n an ESCA s p e c t r u m , u n l e s s 

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

p a r t o f t h e e n v e l o p e . 

As w i t h t h e sample d e p o s i t e d a t a m b i e n t t e m p e r ­

a t u r e s , t h e d e p o s i t i o n t i m e o f 5 m i n u t e s was s u f f i c i e n t t o 

d e p o s i t a f i l m a t l e a s t 10% t h i c k , i.e. t h e c o r e l e v e l 

s p e c t r u m r e v e a l e d no a l u m i n i u m p r e s e n t . T h e r e was a l s o no 

e v i d e n c e f o r n i t r o g e n i n c o r p o r a t i o n . 

L i k e t h e PFB/B p o l y m e r d e p o s i t e d a t t h e end o f t h e 

r e a c t o r a t a m b i e n t t e m p e r a t u r e s , t h e amount o f C-CF i n t h e C-̂ g 

e n v e l o p e o f t h e p o l y m e r d e p o s i t e d i n t h e same r e g i o n a t 150°C 

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

t h e s a m p l e d e p o s i t e d i n t h e c o i l r e g i o n , as was t h e component 

peak a t 289.3eV a s s i g n e d t o CF-CF n s t r u c t u r a l f e a t u r e s . Un­

l i k e t h e p r e v i o u s p o l y m e r i z a t i o n , t h o u g h , t h e amount o f CF 

a p p e a r e d t o be c o n s t a n t and t h i s was r e f l e c t e d i n t h e i n t e n s i t y 

o f t h e s h a k e - u p s a t e l l i t e on t h e C^s e n v e l o p e . The F:C 

s t o i c h i o m e t r y o f t h e c o p o l y m e r d e p o s i t e d i n t h e end o f t h e 
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r e a c t o r was t h e same as t h a t o f t h e sample d e p o s i t e d i n t h e 

c o i l r e g i o n , i.e. C^:F Q 

As w i t h t h e p o l y m e r samples d e p o s i t e d a t a s u b ­

s t r a t e t e m p e r a t u r e o f 150°, t h e c o p o l y m e r d e p o s i t e d a t a 

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

e v i d e n c e d by t h e F:C s t o i c h i o m e t r y . No comment w i l l be 

made on t h e r e l a t i v e i n t e n s i t i e s o f t h e component peaks o f 

t h e C l s e n v e l o p e s ^ ( F i g u r e 6.2) o t h e r t h a n t h e s a m p l e d e p o s ­

i t e d a t t h e end o f t h e r e a c t o r was v e r y s i m i l a r i n c o m p o s i t i o n 

t o t h e p o l y m e r d e p o s i t e d i n t h e c o i l r e g i o n . The F:C 

s t o i c h i o m e t r y o f b o t h c o p o l y m e r s was C-.:F O Q . 

P F B / B 1:1 
HIGHER FLOW RATE 

285 295 290 B E . / e V 

FIGURE 6.2 Component peak f i t of C, e n v e l o p e f o r PFB/B 
copolymer - h i g h e r f l o w r a t e 

As t h e amount of p e r f l u o r o b e n z e n e i n the copolymer d r o p s , 
t h e i n t e n s i t y of t h e h i g h b i n d i n g energy peaks d e c r e a s e s -
i n t h e p r e s e n t example t o below 5% f o r CF-CF, C F 2 , CF^ and 
TT-+7T* shake-up e n v i r o n m e n t s . Thus peak a s s i g n m e n t becomes 
ambiguous. 
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However, u n l i k e p r e v i o u s d e p o s i t i o n s , t h e 

c o r e l e v e l r e v e a l e d an u n s y m m e t r i c a l p h o t o i o n i s a t i o n peak 

due t o t h e p r e s e n c e o f a v e r y s m a l l (^5%) peak t o l o w e r 

b i n d i n g e n e r g i e s . T h i s was a t f i r s t t h o u g h t t o a r i s e f r o m 

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

o x i d e w h i c h i s d i s c u s s e d i n more d e t a i l i n C h a p t e r Seven. 

T h i s w o u l d have been an i n d i c a t i o n t h a t t h e d e p o s i t i o n r a t e 

o f t h e c o p o l y m e r had d e c r e a s e d a t t h e h i g h e r f l o w r a t e . 

However, i n t h e p r e s e n t case t h i s may n o t be t h e answer. 

The c o r e l e v e l r e g i o n i n d i c a t e s t h e abs e n c e o f any 

s i g n a l o r i g i n a t i n g f r o m a l u m i n i u m , and as t h e s a m p l i n g d e p t h 

o f A l i s g r e a t e r t h a n f o r F (a-70 o.f. 2 4 8 ) , t h e o r i g i n o f t h e 

low b i n d i n g e n e r g y F^ g peak i s u n l i k e l y t o be due t o an i n t e r ­

a c t i o n o f p e r f l u o r o b e n z e n e w i t h t h e s u b s t r a t e . A l s o t h e 

i n t e n s i t y o f t h e s m a l l e r peak i n t h e F^ g c o r e l e v e l s p e c t r u m 

i n c r e a s e s on g o i n g t o a h i g h e r t a k e - o f f a n g l e , s u g g e s t i n g 

t h a t t h e peak a r i s e s f r o m some i n t e r a c t i o n n e a r t h e s u r f a c e . 

As t h i s was t h e o n l y t i m e a s m a l l b i n d i n g e n e r g y peak was 

seen i n t h e F^ g s p e c t r u m , i t may, i n f a c t , be an a r t i f a c t o f 

t h i s p a r t i c u l a r d e p o s i t i o n o r ESCA e x p e r i m e n t r a t h e r t h a n a 

t r u e r e s u l t . 

6.3.2 Plasma P o l y m e r i z a t i o n o f O c t a f l u o r o n a p h t h a l e n e 
(OFN) and N a p h t h a l e n e (N) - V a r y i n g R a t i o s 

( I ) ESCA S t u d i e s 

F o l l o w i n g t h e d e t a i l e d d i s c u s s i o n on t h e p l a s m a 

c o p o l y m e r i z a t i o n o f p e r f l u o r o b e n z e n e and ben z e n e i n a 1:1 

r a t i o , as most o f t h e d i s c u s s i o n i s a p p l i c a b l e i n t h e p r e s e n t 

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

be b r i e f . The t y p i c a l C^g e n v e l o p e f o r a c o p o l y m e r d e r i v e d 

f r o m a 1:1 r a t i o o f C, F_:C, nH Q i n t h e gas phase a t 150°C i s 
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PEAK ASSIGNMENT 

1 C.H 
2 C-CF 
3 CF 
* C F - C F n 

5 C F 2 

6 C F 3 

/ A •» /\ 

11 C O 

C 1 S E N V E L O P E S WITH P E A K FIT 

PLASMA POLYMER OF C,„H 1 0 " 8 

1S0C 
PLASMA POLYMER OF 

1 
C 1 0 F 8 - 1501 

V \1 
\ « 

11 
'\ A V 

2?6 295 295 290 265 BE 

P L A S M A 
PLASMA COPOLYM'N OF C 1 0 F . : C W H K>"8 COPOLYM'N OF C,«F.: C,«H 1 0 " ! 10't 2 3 t 1 150C (1:1) 

I 

3 

285 BE 290 295 285 BE 295 290 

FIGURE 6.3 Component peak f i t of C. e n v e l o p e s f o r OFN, 
N and 1:1 r a t i o OFN/N a t .23QC'and 15Q°C 
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shown i n F i g u r e 6,3. As w i t h t h e PFB/B c o p o l y m e r , t h e 

C-F peak i s d o m i n a n t i n t h e m a t e r i a l d e r i v e d f r o m OFN/N. 

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

a l s o shown i n F i g u r e 6.3 t h e C-CF and C-F i n t e n s i t i e s a r e 

c o m p a r a b l e . T h i s s u g g e s t s t h a t t h e plasma p o l y m e r d e r i v e d 

f r o m a 1:1 m i x t u r e o f OFN/N i s n o t a s t r a i g h t f o r w a r d c o d e -

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

s i n g l e monomer. T h e r e has been some i n t e r a c t i o n / r e a c t i o n i n 

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

i.e. c o p o l y m e r i z a t i o n o f 1 mole o f OFN and 1 mole o f N has 

t a k e n p l a c e , r e s u l t i n g i n a p o l y m e r f i l m whose F:C s t o i c h i o m e t r y 

i s 0 . 4 1 : 1 . T h i s F:C r a t i o i s o n l y i n d i c a t i v e o f a 1:1 i n c o r ­

p o r a t i o n , t h o u g h , i f i t i s assumed t h a t as i n t h e s i m p l e monomer, 

v e r y l i t t l e f l u o r i n e has been e l i m i n a t e d f r o m t h e o c t a f l u o r o -
22 

n a p h t h a l e n e . I n v i e w o f t h e v e r y p r o n o u n c e d T T - ^ T T * s h a k e - u p 

s a t e l l i t e a c c o m p a n y i n g t h e F, p h o t o i o n i s a t i o n peak ( n o t shown) 

i n d i c a t i v e o f t h e u n s a t u r a t e d n a t u r e o f t h e f l u o r i n e e n v i r o n -
17 13 ment s and t h e s t e p f u n c t i o n p r e s e n t i n t h e C, e n v e l o p e , 

t h i s i s n o t an u n r e a s o n a b l e a s s u m p t i o n . A s m a l l amount o f 

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

i t e d p o l y m e r c o n t a i n s b o t h monomer/monomer f r a g m e n t s c o v a l e n t l y 

b o n d e d t o g e t h e r . 

F u r t h e r , as i t has a l r e a d y b e e n s t a t e d , t h e b i n d i n g 

e n e r g y o f peak 3 a t 287.9eV ( a s s i g n e d t o C-F i n t h e p l a s m a 

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

same as t h a t o b s e r v e d f o r CF-CF„ i n t h e ESCA a n a l y s i s o f c o n -
— n 

d e n s e d o c t a f l u o r o n a p h t h a l e n e . The C^ s e n v e l o p e f o r c o n d e n s e d 

OFN and i t s component peak f i t , i s shown i n F i g u r e 6.4. 
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285 295 290 
B E . (eV) 

e n v e l o p e of condensed OFN FIGURE 6.4 

The peak a t 285.OeV i n F i g u r e 6.4 i s due t o con­

densed e x t r a n e o u s h y d r o c a r b o n . T h i s c o n t a m i n a t i o n a r i s e s 
23 

m a i n l y from t h e X-ray window which h e a t s up d u r i n g a n a l y s i s 

t h u s any h y d r o c a r b o n d e p o s i t i s ' b o i l e d o f f , o n l y t o be con­

d e n s e d i n the p r e s e n t e x p e r i m e n t onto the probe w h i c h was 

cooled down to -130°C. The r a t i o of t he a r e a s of t h e o t h e r 

two peaks a t 287.9 and 289.2eV due t o C-CF and CF-CF a r o m a t i c 

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

neous c o n t a m i n a t i o n . 

The C l s e n v e l o p e from t h e 1:1 OFN/N copolymer shown 

i n F i g u r e 6.3 i s , i n f a c t , from the f i l m d e p o s i t e d a t a sub* 

s t r a t e t e m p e r a t u r e of 150°C. I n c o n t r a s t , the C l s s p e c t r u m 

f o r t h e copolymer f i l m d e p o s i t e d a t 23°C i s v e r y d i f f e r e n t . 



As can be seen f r o m F i g u r e 6.3 t h e h y d r o c a r b o n component 

d o m i n a t e s t h e e n v e l o p e . The l o w l e v e l o f h i g h e r b i n d i n g 

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

p r e s e n t i n t h e f i l m as i s e v i d e n t b y a F:C s t o i c h i o m e t r y o f 

0.15:1. A s s u m i n g t h a t p l a s ma c o p o l y m e r i z a t i o n r e s u l t s i n t h e 

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

tw o monomers p r e s e n t i n t h e gas phase t h e n t h i s l a t t e r r e s u l t 

i n d i c a t e s t h a t a ^ 4 : 1 n a p h t h a l e n e t o o c t a f l u o r o n a p h t h a l e n e 

r a t i o has u n d e r g o n e p l a s m a c o p o l y m e r i z a t i o n . A l t h o u g h a 1:1 

m o l a r r a t i o o f powder was u s e d t h e d i f f e r e n c e i n v a p o u r p r e s ­

s u r e and f l o w r a t e o f t h e two compounds i s r e a d i l y a p p a r e n t a t 

23°C. C o n s e q u e n t l y , an i n v e s t i g a t i o n o f t h e c o m p o s i t i o n o f 

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

t h e s t a r t i n g r a t i o s o f monomer a t t h e two t e m p e r a t u r e s was 

u n d e r t a k e n . 

The ESCA d e t e r m i n e d f l u o r i n e c o n t e n t versus t h e 

o c t a f l u o r o n a p h t h a l e n e / n a p h t h a l e n e r a t i o o f t h e i n i t i a l powder 

i s d i s p l a y e d i n F i g u r e 6.5. A t 150°C t h e c o m p o s i t i o n l i e s 

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

i t e d a t 2 3°C, when t h e f l u o r o c a r b o n monomer i s i n e x c e s s t h e 

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

and vice versa. However, f o r t h e f i l m s d e p o s i t e d a t 23°C, 

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

F c o n t e n t was much g r e a t e r i n t h e c o p o l y m e r s d e r i v e d f r o m 

n o m i n a l 1 : 1 , 1:2 and 1:4 OFN/N r a t i o s . The c o n t r o l o f t h e gas 

phase c o m p o s i t i o n i s d i f f i c u l t u s i n g s o l i d s as t h e s t a r t i n g 

m a t e r i a l and t h e above d a t a d i r e c t l y r e f l e c t s t h i s and shows 

t h e n e e d f o r t h i s c o n t r o l i n p l a s m a c o p o l y m e r i z a t i o n e s p e c ­

i a l l y i f t h e d e s i r e d m a t e r i a l i s t o have t h e same F:C r a t i o 
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THEORETICAL 

ACTUAL 
(HEATED) 

— x ACTUAL 
(NOT HEATED) 

4:1 2:1 1:1 1:2 
MOLAR RATIO OF FLU0R0CAR60N /HYDROCARBON 

1:4 

FIGURE 6.5 P e r c e n t a g e c o m p o s i t i o n of F i n p l a s m a copolymer 
from OFN/N versus molar r a t i o o f f e e d t o t h e plasma 

as t h e s t a r t i n g monomer c o m p o s i t i o n . S i m i l a r problems were 

s e e n i n the plasma c o p o l y m e r i z a t i o n of a 1:1 b i p h e n y 1 / d e c a -

b i p h e n y l r a t i o d i s c u s s e d i n the n e x t s e c t i o n . 

At h i g h o c t a f l u o r o n a p h t h a l e n e / n a p h t h a l e n e r a t i o s , 

e.g. 4:1 the plasma polymer produced becomes much more l i k e 

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

(e.g. c o n t r i b u t i o n s of C F - C F n , C F 2 and C F 3 t o t h e C l s e n v e l o p e 

become v e r y s i g n i f i c a n t ) whereas when n a p h t h a l e n e i s i n e x c e s s 

t h e f l u o r o c a r b o n p a r t of the copolymer i s s i m i l a r t o t h a t of 

t h e 1:1 copolymer d e p o s i t e d a t 2 3°C. T h i s s u g g e s t s t h a t i n 

o r d e r t o p e r t u r b t h e n a t u r e of t h e plasma r e a c t i o n s of 1 
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m o l e c u l e o f o c t a f l u o r o n a p h t h a l e n e o r d e r i v e d s p e c i e s , t h e n 

1 m o l e c u l e o f n a p h t h a l e n e o r some o t h e r compound (compared 

w i t h p e r f l u o r o b e n z e n e and t e t r a m e t h y l t i n o r benzene) must be 

p r e s e n t . 

The c o m p o s i t i o n o f a p o l y m e r sample f r o m a 1:1 

n o m i n a l gas phase c o m p o s i t i o n o f OFN/N d e p o s i t e d i n t h e end 

o f t h e r e a c t o r a t a s u b s t r a t e t e m p e r a t u r e o f 150 C was a l s o 

e x a m i n e d - T a b l e 6.4. 

TABLE 6.4 P e r c e n t a g e C o m p o s i t i o n o f t h e C^g e n v e l o p e s f o r 
1:1 c o p o l y m e r s o f OFN/N d e p o s i t e d i n t h e c o i l 
r e g i o n a t t h e end o f t h e r e a c t o r 

Peak A s s i g n m e n t CH C-CF CF CF-CF CF 2 CF 3 T T - ^ T T * 

C o i l R e g i o n 

R e a c t o r End 

54 14 23 3 3 2 1 

48 17 25 3 4 2 1 

I t w o u l d a p p e a r f r o m T a b l e 6.4 t h a t t h e sample de­

p o s i t e d i n t h e c o i l r e g i o n has a h i g h e r amount o f h y d r o c a r b o n 

w i t h a r e s u l t a n t d e c r e a s e i n t h e i n t e n s i t i e s o f t h e C-CF and 

CF component p e a k s . T h i s i s n o t r e f l e c t e d i n t h e F:C s t o i -

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

d e p o s i t e d i n t h e c o i l r e g i o n has a g r e a t e r amount o f f l u o r i n e 

( 0 . 3 4 : 1 of. 0.31:1) t h a n t h e sample d e p o s i t e d a t t h e end o f 

t h e r e a c t o r . B o t h w e r e i n t h e v i s i b l e g l o w r e g i o n . T h i s 

s l i g h t d e c r e a s e may n o t be a r e a l t r e n d h o w e v er s i n c e t h e 

d i f f e r e n c e i s n o t t h a t g r e a t . As w i t h t h e c o p o l y m e r p r o ­

d u c e d f r o m a 1:1 r a t i o o f p e r f l u o r o b e n z e n e / b e n z e n e , t h e c o ­

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

r e a c t o r b o t h t e n d t o show t h e same C:F s t o i c h i o m e t r y . T h i s 

i s u n l i k e t h e r e s u l t s f r o m p l a s m a p o l y m e r s o f p u r e p e r f l u o r o -

n a p h t h a l e n e o r p e r f l u o r o b e n z e n e w h i c h show a g r e a t e r amount o f 
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f l u o r i n e i n t h e sample d e p o s i t e d a t t h e end o f t h e r e a c t o r . 

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

b r i g h t p u r p l e , w h i l s t t h e g l o w f r o m an o c t a f l u o r o n a p h t h a l e n e 

p l a s m a i s p a l e p i n k . I n t h e c o p l a s m a , t h e r e was a g r a d u a l 

change i n c o l o u r f r o m puxple a t t h e i n l e t (due t o n a p h t h a l e n e ) 

to p i n k a t t h e o u t l e t . T h i s m i g h t t e n d t o s u g g e s t t h a t t h e 

f i l m d e p o s i t e d i n t h e c o i l r e g i o n w o u l d be r i c h e r i n h y d r o ­

c a r b o n , s i n c e t h e pl a s m a e m i s s i o n was d o m i n a t e d b y N i n t h i s 

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

c o i l r e g i o n t e n d e d t o s u p p o r t t h i s ( T a b l e 6 . 4 ) . The 0:C 

s t o i c h i o m e t r y o f samp l e s d e p o s i t e d , by v a r i o u s N/OFN r a t i o s , 

i n t h e c o i l and end zones were a l w a y s b e l o w 0 . 0 4 : 1 . 

( I I ) O p t i c a l E m i s s i o n 

E x a m i n a t i o n o f t h e n a t u r e o f t h e e m i s s i o n a r i s i n g 

f r o m a p l a s m a c an g i v e some v a l u a b l e i n s i g h t s i n t o t h e n a t u r e 

o f t h e e x c i t e d s p e c i e s b e i n g f o r m e d . However, i t s h o u l d be 

remembered t h a t c a u t i o n must be used i n i n t e r p r e t i n g s u c h d a t a 

when l o o k i n g f o r p o l y m e r f o r m i n g p r e c u r s o r s , t h e s p e c i e s r e s ­

p o n s i b l e f o r t h e e m i s s i o n may n o t be i n v o l v e d i n t h e p o l y m e r ­

i z a t i o n p r o c e s s o r c o u l d be a b y - p r o d u c t o f i t . B e a r i n g t h i s 

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

and t h e o c t a f l u o r o n a p h t h a l e n e / n a p h t h a l e n e p l a s m a s w e r e com­

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

had p e r t u r b e d t h e gas phase c h e m i s t r y ( a s d e t e r m i n e d by t h e 

e m i t t i n g s p e c i e s ) , as m i g h t be s u g g e s t e d by t h e ESCA a n a l y s i s 

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

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

d u r i n g t h e p l a s m a p o l y m e r i z a t i o n o f n a p h t h a l e n e , o c t a f l u o r o -
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n a p h t h a l e n e and t h e c o p o l y m e r i z a t i o n o f a 1:1 m i x t u r e o f 

t h e s e t w o compounds a r e shown i n F i g u r e s 6.6 and 6.7. The 

plasma e m i s s i o n s f r o m OFN and N p l a s m a s h a v e been d i s c u s s e d 

i n C h a p t e r Two and t h e r e a d e r i s a s k e d t o r e a d t h e r e l e v a n t 

s e c t i o n t h e r e i n ( 2 . 3 . 2 ) . The e s s e n t i a l f e a t u r e s o f i n t e r e s t 

i n t h e e m i s s i o n f r o m t h e OFN p l a s m a i s t h e e m i s s i o n a t ~^280nm 

w h i c h i s c h a r a c t e r i s t i c o f CF 2, a h i g h r e s o l u t i o n s c a n o f t h i s 

r e g i o n has been d i s p l a y e d i n F i g u r e 2.7 i n C h a p t e r Two, and 

t h e p r o m i n e n t e m i s s i o n a t ^510nm - o r i g i n unknown - whose 

i n t e n s i t y i s e q u a l t o t h a t o f t h e peak a t ^280nm. 
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FIGURE 6.6 O p t i c a l E m i s s i o n s p e c t r u m from a 1:1 OFN/N 
plasma, ^250-650nm. 
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FIGURE 6.7 C o m p a r i s o n o f o p t i c a l e m i s s i o n s p e c t r a f r o m 
OFN, N and 1:1 OFN/N p l a s m a s 



T h a t t h e n a t u r e o f t h e e x c i t e d s t a t e s e m i t t i n g i n 

t h e gas phase has been a l t e r e d d u r i n g t h e c o p o l y m e r i z a t i o n 

o f OFN and N c a n c l e a r l y be seen f r o m F i g u r e s 6.6 and 6.7. 

T h e r e i s no l o n g e r any s i g n i f i c a n t amount o f e m i s s i o n a t 

^•280nm. S i m i l a r l y , t h e peak a t 510nm has d i s a p p e a r e d . 

Tn *t-V*d n l 3 C m n nnl T T m n r i T i r - t -F +- V» -\ n n 1 /~\ f 1 n A v i M T4-^^ -m r-\-r\ r~srr\/-\ 

t h i s b and i s t h o u g h t t o a r i s e f r o m a r e a r r a n g e m e n t o r f r a g ­

m e n t a t i o n p r o d u c t o f o c t a f l u o r o n a p h t h a l e n e . T h e r e w o u l d 

a p p e a r t o be a r e l a t i o n s h i p b e t w e e n t h e s e t w o p e a k s , i.e. when 

t h e r e i s a s t r o n g e m i s s i o n a t ^280nm due t o CF2 t h e r e i s a l s o 

a band p r e s e n t a t ^510nm. C o n v e r s e l y , when t h e e m i s s i o n due 

t o CF2 i s g r e a t l y r e d u c e d t h e 510nm l i n e i s e i t h e r r e d u c e d i n 

i n t e n s i t y s u c h t h a t i t i s l o s t i n t h e b a c k g r o u n d , o r e l s e i t 

no l o n g e r e x i s t s . T h i s p a r t n e r s h i p has been o b s e r v e d i n 

o t h e r a r o m a t i c s y s t e m s , e.g. t h e b i p h e n y l s , b e n z e n e s and 

benzene/TMT. 

From b o t h t h e ESCA d a t a and p l a s m a e m i s s i o n d a t a 

a c o r r e l a t i o n w o u l d a p p e a r t o e x i s t b e t w e e n t h e r e d u c e d CF2, 

CF^ c o n t r i b u t i o n t o t h e f u n c t i o n a l g r o u p c o m p o s i t i o n o f t h e 

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

f l u o r o c a r b e n e and t h e u n i d e n t i f i e d s p e c i e s e m i t t i n g a t ^510nm 

i n t h e gas p h a s e . A s s u m i n g t h a t t h e e x c i t e d s t a t e s o f , f o r 

e x a m p l e , CF2 a r i s e p r e d o m i n a n t l y f r o m e l e c t r o n i m p a c t o f t h e 

g r o u n d s t a t e and t h a t t h e r a d i a t i v e d e c a y i s more r a p i d t h a n 

c o l l i s i o n a l q u e n c h i n g t h e n t h e i n t e n s i t y o f e m i s s i o n w i l l be 

p r o p o r t i o n a l t o t h e c o n c e n t r a t i o n o f CF2 i n t h e g r o u n d s t a t e . 

C o n s e q u e n t l y t h e r e d u c e d e m i s s i o n d u r i n g c o p o l y m e r i z a t i o n w o u l d 

be a d i r e c t i n d i c a t i o n o f a s m a l l e r number o f CF2 g r o u n d s p e c i e : 

b e i n g p r e s e n t . T h i s l a t t e r d e c r e a s e c o u l d be a c c o u n t e d f o r 

by -
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(a) CF^ f o r m a t i o n i n t h e g r o u n d s t a t e i s r a p i d l y f o l l o w e d 

by r e a c t i o n w i t h a n o t h e r s p e c i e s b e f o r e e x c i t a t i o n can 

o c c u r . 

(b) The r e a c t i o n p a t h w a y s f o r p e r f l u o r o n a p h t h a l e n e t h a t 

n o r m a l l y g i v e r i s e t o CF^ f o r m a t i o n no l o n g e r o c c u r 

t o t h e same e x t e n t i n t h e p r e s e n c e o f n a p h t h a l e n e . 

The ESCA d a t a f o r t h e ^ 1 : 1 c o p o l y m e r o f OFN and N 

r e v e a l s t h a t t h e C-F e n v i r o n m e n t i s s i m i l a r t o t h a t o f t h e 

OFN monomer. T h i s i n d i c a t e s t h a t t h e f l u o r o a r o m a t i c c o n ­

t e n t o f t h e c o p o l y m e r i s much g r e a t e r t h a n i n t h e OFN p l a s m a 

p o l y m e r . T h i s s u g g e s t s t h a t t h e e x t e n t o f r e a r r a n g e m e n t and 

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

g r e a t l y r e d u c e d . Thus a s s u m i n g t h a t CF,, f o r m a t i o n i s t h e 

r e s u l t o f e x t e n s i v e r e a c t i o n t h a n (b) above w o u l d be t h e more 

p r o b a b l e c a use f o r t h e r e d u c t i o n i n t h e CF 2 c o n c e n t r a t i o n . 

The above d i s c u s s i o n does n o t i m p l y t h a t CF 2 i s 

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

p o l y m e r i z a t i o n o f OFN and hence r e s p o n s i b l e f o r t h e CF 2 

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

n a t u r e o f t h e r e a r r a n g e m e n t and f r a g m e n t a t i o n r e a c t i o n s t h a t 

i n f l u e n c e s t h e c o m p o s i t i o n o f t h e b u i l d i n g b l o c k s and hence 

t h e p l a s m a p o l y m e r . The d e t e c t i o n o f CF 2 e m i s s i o n m i g h t o n l y 

be an i n d i c a t i o n o f t h e e x t e n t o f t h e s e r e a c t i o n s r a t h e r t h a n 

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

D e p o s i t i o n o f a p l a s m a p o l y m e r i s h i g h l y d e p e n d e n t 

on t h e d i s c h a r g e c o n d i t i o n s and hence t h e r e l a t i v e b a l a n c e o f 

p o l y m e r i z a t i o n and a b l a t i o n . A l t h o u g h t h e r e a c t i v e n a t u r e 

o f CF 2 makes i t an a p p e a l i n g p r e c u r s o r / b u i l d i n g b l o c k i t s p r e ­

s e n ce does n o t n e c e s s a r i l y mean t h a t d e p o s i t i o n w i l l o c c u r . 
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I n p e r f l u o r o a l i p h a t i c p l a s m a s " e m i s s i o n f r o m 

CF2,CF and F e x c i t e d s t a t e s has been r e p o r t e d . I t i s t h o u g h t 

t h a t t h e F atom d e n s i t y i s t h e p a r a m e t e r c o n t r o l l i n g e t c h i n g . 

Thus i n , f o r e x a m p l e , a CF^ p l a s m a , a l t h o u g h CF ? i s f o r m e d 

t h e c o n c e n t r a t i o n o f f l u o r i n e atoms i s su c h t h a t e t c h i n g and 
r 

n o t d e p o s i t i o n i s o b s e r v e d as t h e o v e r a l l p r o c e s s . When 

CF and CF2 c o n c e n t r a t i o n s ( a s d e t e r m i n e d f r o m t h e i n t e n s i t y 
3 5 

o f t h e i r e m i s s i o n ) e x c e e d t h a t o f t h e F atom by 10 - 10 , 

as i n ̂ 2 ^ 4 ' d e p o s i t i o n o c c u r s . 

The above d i s c u s s i o n s h o u l d i n d i c a t e t h a t t h e i n t e r ­

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

t r i v i a l . 

A l t h o u g h t h e p r e s e n t a n a l y s i s o f t h e e m i s s i o n 

s p e c t r a does n o t p e r m i t t h e unambiguous i d e n t i f i c a t i o n o f 

t h e p o l y m e r f o r m i n g s p e c i e s i t does g i v e some i n t e r e s t i n g 

i n s i g h t s i n t o t h e n a t u r e o f some o f t h e e x c i t e d s p e c i e s p r e ­

s e n t i n t h e gas ph a s e d u r i n g p l a s m a p o l y m e r i z a t i o n . 

6.3.3 Plasma P o l y m e r i z a t i o n o f D e c a f l u o r o b i p h e n y 1 
(DFB) and B i p h e n y l (B) - 1:1 R a t i o 

The C^ s s p e c t r u m o f a c o p o l y m e r d e r i v e d f r o m a 

n o m i n a l 1:1 r a t i o o f DFB/B d e p o s i t e d a t 150°C i n t h e c o i l 

r e g i o n i s shown i n F i g u r e 6.8. 

The c o r r e s p o n d i n g C^ s f r o m t h e p o l y m e r d e p o s i t e d 

a t a m b i e n t t e m p e r a t u r e s i s a l s o d i s p l a y e d i n F i g u r e 6.8. As 

w i t h t h e c o p o l y m e r i z a t i o n o f t h e n a p h t h a l e n e s , c o n t r o l o f t h e 

gas phase c o m p o s i t i o n i s e s s e n t i a l i n p r o d u c i n g a 1:1 c o p o l y m e r . 

A t room t e m p e r a t u r e , t h e gas phase i s d o m i n a t e d b y d e c a f l u o r o -

b i p h e n y l and h e n c e t h e c o m p o s i t i o n o f t h e d e p o s i t e d f i l m 
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FIGURE 6.8 Component peak f i t of t h e C ^ g e n v e l o p e f o r 
DFB/B a t 2 3°C and 15Q°C 1 

r e f l e c t s t h i s - t h e C. e n v e l o p e i s e s s e n t i a l l y t h a t of 

d e c a f l u o r o b i p h e n y l . T h i s i s s u p p o r t e d by t h e o p t i c a l 

e m i s s i o n spectrum o b t a i n e d from the coplasma (shown i n 

Appendix One) which showed a l l of t h e c h a r a c t e r i s t i c f e a t ­

u r e s of a DFB plasma, namely, a s t r o n g e m i s s i o n a t ^280nm 

due t o the f l u o r e s e n c e from d i f l u o r o c a r b e n e r a d i c a l s and an 

a s s o c i a t e d peak of e q u a l i n t e n s i t y a t 510nm. I n c o m p a r i s o n 

w i t h t h e o p t i c a l e m i s s i o n from a pure d e c a f l u o r o b i p h e n y l plasma 

shown i n F i g u r e 2.16, t h e main e m i s s i o n s from a plasma c o n ­

t a i n i n g a mix of t h e s e two compounds a t room t e m p e r a t u r e a r e 

v e r y s i m i l a r . As s u c h t h i s i n d i c a t e s t h e s m a l l amount of 

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

p r e s e n t i n t h e plasma. As f u r t h e r c o n f i r m a t i o n , e l e m e n t a l a n a l ­

y s i s of t h e s o l i d m i x t u r e a f t e r t h e plasma p o l y m e r i z a t i o n 
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e x p e r i m e n t r e v e a l e d i t t o be s t r o n g l y d e f i c i e n t i n f l u o r i n e 

i n c o m p a r i s o n t o t h e i n i t i a l v a l u e o f t h e 1:1 DFB/B m i x , i.e. 

t h e gas phase i n t h e r e a c t o r was r i c h i n DFB. 

A t t h e h i g h e r s u b s t r a t e t e m p e r a t u r e , more b i -

p h e n y l i s p r e s e n t i n t h e gas phase. T h i s means t h a t as t h e 

number o f m o l e c u l e s b e g i n s t o e q u a l i s e , s t a b i l i s a t i o n o f t h e 

p e r f l u o r o a r o m a t i c becomes a d o m i n a n t f e a t u r e o f t h e C, ^ I s 
e n v e l o p e . E x c e s s DFB may f r a g m e n t / r e a r r a n g e i n t h e pl a s m a 

i n t h e n o r m a l manner, and w i l l c o n t r i b u t e as s u c h t o t h e C-̂ s 

c o r e l e v e l . However, when t h e m a j o r i t y o f t h e f l u o r o m o n o m e r 

i s s t a b i l i s e d , t h e v i s i b l e e f f e c t i n t h e C, e n v e l o p e f r o m u n -

s t a b i l i s e d DFB w i l l be n e g l i g i b l e , and w i l l p r o d u c e t h e C^ s 

s p e c t r u m shown i n F i g u r e 6.8. 

6.3.4 Plasma P o l y m e r i z a t i o n o f P e r f l u o r o b e n z e n e 
and O c t a f l u o r o n a p h t h a l e n e 

So f a r , t w o plasma e n v i r o n m e n t s h a ve r e s u l t e d i n 

s t a b i l i s a t i o n o f t h e p e r f l u o r o a r o m a t i c : c o p o l y m e r i z a t i o n o f 

(1) P e r f l u o r o b e n z e n e and a t e t r a m e t h y l m e t a l , i.e. Sn o r Ge, o r 

(2) P e r f l u o r o a r o m a t i c and a h y d r o c a r b o n a n a l o g u e . 

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

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

gas phase c o m p o s i t i o n o f 1:1. The C^ s e n v e l o p e o f t h e 

d e p o s i t e d p o l y m e r i s shown i n F i g u r e 6.9, and t h e p e r c e n t a g e 

c o m p o s i t i o n o f t h e component peak f i t i s shown i n T a b l e 6.5. 

TABLE 6.5 P e r c e n t a g e C o m p o s i t i o n s o f t h e C^ s e n v e l o p e s f o r 
PFB, OFN and 1:1 PFB/OFN p l a s m a p o l y m e r s 

Peak A s s i g n m e n t CH C-CF CF 
T o t a l 

CF c 2 CF 3 

PFB 26 50 16 7 1 

PFB/OFN 33 50 10 4 3 

OFN 27 52 15 4 2 
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FIGURE 6.9 Component peak f i t of t h e C ^ g e n v e l o p e f o r 
PFB/QFN copolymer 

As w i t h t h e p o l y m e r i z a t i o n of 1 f l u o r o n a p h t h a l e n e 
22 

and, t o a l e s s e r e x t e n t , o c t a f l u o r o n a p h t h a l e n e , t h e r e i s 
an asymmetry a s s o c i a t e d w i t h t h e C. e n v e l o p e of t h e copolymer 

x s 

thought t o be due to long r a n g e u n s a t u r a t i o n p r e s e n t i n t h e 

f i l m . The F ^ s p h o t o i o n i s a t i o n peak i s a l s o accompanied by 

a T T + T T * shake-up s a t e l l i t e . The F:C s t o i c h i o m e t r y of t h e 

r e s u l t a n t polymer (0.75:1) i n d i c a t e s t h a t t h e r e h a s been an 

e s s e n t i a l l y 1:1 i n c o r p o r a t i o n o f t h e two monomers t o produce 

a f i l m w h i c h i s v i r t u a l l y homogeneous t h r o u g h o u t t h e ESCA 

s a m p l i n g depth, d e t e r m i n e d by u s i n g two e l e c t r o n t a k e - o f f a n g l e s . 
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A l t h o u g h t h e amount o f C-CF i n t h e c o p o l y m e r i s 

s t i l l h i g h ( T a b l e 6.5 and F i g u r e 6.7) i n c o m p a r i s o n t o t h e 

s t a b i l i s e d c o p o l y m e r s ( T a b l e 6.1 and F i g u r e 6.3) t h e c o p o l y -

m e r i z a t i o n o f t h e two f l u o r o a r o m a t i c compounds has r e s u l t e d 

i n a l a r g e d e c r e a s e i n t h e amount o f CF-CF a l t h o u g h t h i s i s 

masked i n T a b l e 6.5 by t h e l a r g e i n c r e a s e i n t h e amount o f 

CF and CF2 . I n f a c t , t h e amount o f CF-CF nhas been r e d u c e d 

by a f a c t o r o f t w o . T h i s s i t u a t i o n i s a n a l o g o u s t o t h a t 

i n t h e c o p o l y m e r i z a t i o n s o f p e r f l u o r o b e n z e n e / 2 , 2 - D i m e t h y l 

p r o p a n e and p e r f l u o r o b e n z e n e / t e t r a m e t h y 1 s i l a n e ( C h a p t e r F i v e ) . 

As i n t h e p r e v i o u s two e x a m p l e s , c o p o l y m e r i z a t i o n d i d n o t p r o ­

duce t h e C^ s e n v e l o p e a s s o c i a t e d w i t h t h e ' t r u e ' c o p o l y m e r . 

However, t h e d i s t r i b u t i o n o f t h e component peaks o f t h e C^ s 

c o r e l e v e l was a f f e c t e d s uch t h a t o n l y h a l f o f t h e amount o f 

CF-CFn and one t h i r d o f t h e amount o f CF2 w e r e p r o d u c e d . Thus 

a l t h o u g h c o p o l y m e r i z a t i o n has t a k e n p l a c e , t h e e f f e c t on t h e 

c o m p o s i t i o n o f t h e d e p o s i t e d f i l m has been t o a l t e r t h e p e r ­

c e n t a g e i n t e n s i t y o f t h e component p e a k s , r a t h e r t h a n a l t e r t h e 

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

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

c o p o l y m e r . 

T h i s t e n t a t i v e l y s u g g e s t s t h a t t h e gas phase 

c h e m i s t r y o c c u r r i n g i n t h e PFB/OFN c o p l a s m a has been a f f e c t e d 

by t h e p r e s e n c e o f t h e se c o n d monomer, b u t i n s u c h a manner 

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

t u r b e d r a t h e r t h a n changed. Thus t h e c o p o l y m e r , as d e t e r ­

m i n e d by t h e c o m p o s i t i o n a l a n a l y s i s o f t h e C, e n v e l o p e , i s 

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

f r o m t h e s i n g l e p e r f l u o r o a r o m a t i c monomers. U n f o r t u n a t e l y , t h e 
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o p t i c a l e m i s s i o n f r o m t h i s p l a s m a was n o t r e c o r d e d b u t t h e 

e m i s s i o n due t o CF 2 , a n c ^ t n e a s s o c i a t e d peak a t 510nm, i s 

i m p l i e d by t h e p r e s e n c e o f CF 2 and CF^ g r o u p s i n t h e ESCA 

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

6.3.5 Plasma P o l y m e r i z a t i o n o f an A r o m a t i c w i t h a 
non a r o m a t i c 6-membered r i n g s y s t e m 

I n t h e l i g h t o f t h e r e s u l t s o b t a i n e d above by 

t h e c o p o l y m e r i z a t i o n o f an a r o m a t i c f l u o r o - c a r b o n w i t h i t s 

a n a l o g o u s h y d r o c a r b o n , and as an e x t e n s i o n t o t h i s s t u d y , 

t h e b e h a v i o u r o f an a r o m a t i c f l u o r o c a r b o n w i t h non a r o m a t i c 

s i x - m e m b e r e d r i n g h y d r o c a r b o n s , and viae versa, i n a p l a s m a 

were e x a m i n e d . 

T h i s f o r m e d two s e r i e s : t h e c o p o l y m e r i z a t i o n o f 

p e r f l u o r o b e n z e n e w i t h a non a r o m a t i c h y d r o c a r b o n , i.e. 

S e r i e s 1 - 0 0 o / / 
and t h e c o p o l y m e r i z a t i o n o f b e n z e n e w i t h a non a r o m a t i c 

f l u o r o c a r b o n , i.e. 

S e r i e s 2 - © * 0/0 /© 
I n a p r e v i o u s s t u d y on t h e c o m p o s i t i o n o f t h e 

2 6 

pl a s m a p o l y m e r s d e r i v e d f r o m t h e i s o m e r i c t e t r a f l u o r o b e n z e n e s , 

no d i f f e r e n c e s w e r e f o u n d b e t w e e n t h e 1, 2,4,5 and 1 , 2 , 3 , 5 i s o m e r s . 

S i m i l a r l y , p o l y m e r s s y n t h e s i s e d by e x c i t a t i o n o f i n d u c t i v e l y 
27 

c o u p l e d p l a s m a s i n t h e p e r f l u o r o h e x a d i e n e i s o m e r s have been 

shown t o be s t r u c t u r a l l y v e r y s i m i l a r as f a r as ESCA can d e t e r ­

m i n e . B o t h r e t a i n t h e F:C s t o i c h i o m e t r y o f t h e p a r e n t monomer. 

F o r t h e f o r m e r r e a s o n , and due t o t h e a v a i l a b i l i t y o f each 

monomer, 1 , 4 - f l u o r o c y c l o h e x a d i e n e and 1 , 3 - c y c l o h e x a d i e n e w e r e 

u s e d . 
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The p o l y m e r s d e r i v e d f r o m t h e p e r f l u o r o non 

a r o m a t i c s i x - m e m b e r e d r i n g s y s t e m s , i.e. C g F ^ ' C 6 F 1 0 a n c ' 

-J- W U i J J . V i~J J[ l ^ l l 1—• ̂ > J- - 1 , _L •—• j _ * i > * > i •— - i _ w 

t h i s l a b o r a t o r y . ' I t i s p e r t i n e n t h e r e t o g i v e a b r i e f 

r e v i e w o f t h e r e s u l t s , as d e t e r m i n e d by ESCA. 

As t h e amount o f u n s a t u r a t i o n d e c r e a s e d i n t h e 

monomer, t h e r e was an i n c r e a s i n g amount o f CF^ and CF2 s t r u c t ­

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

a r r a n g e m e n t g i v i n g r i s e t o component s t r u c t u r a l f e a t u r e s o f 
27 

t h e C-̂ s e n v e l o p e n o t p r e s e n t i n t h e p a r e n t monomer, T a b l e 6.6 

TABLE 6.6 P e r c e n t a g e i n t e n s i t y o f t h e component peaks o f t h e 
C^ s e n v e l o p e s f o r p l a s m a p o l y m e r s d e r i v e d f r o m 
C 6 F 8 ' C 6 F 1 0 a n d C 6 F 1 2 

C-CF CF CF-CF n C F 2 C F 3 T T - * T T * 

1,3 C 6 F 8 21 25 18 27 8 1 

1,4 C 6 F 8 23 24 13 29 10 1 

C 6 F 1 0 18 12 15 38 17 -
C F U 6 r 1 2 12 8 17 39 24 -

T h e r e were low i n t e n s i t y T T - > T T * s h a k e - u p s a t e l l i t e s 

i n t h e C^ s e n v e l o p e s o f t h e p o l y m e r s d e r i v e d f r o m t h e u n s a t ­

u r a t e d CgFg s y s t e m s o n l y , t h e s e t w o p o l y m e r s w e r e a l s o t h e 

o n l y ones t o r e t a i n t h e F:C s t o i c h i o m e t r y o f t h e p a r e n t monomer, 

Plasma p o l y m e r i z a t i o n o f b o t h Cg F^o and C ^ F ^ r e s u l t e d i n an 

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

t o p r o d u c e p o l y m e r s whose F:C s t o i c h i o m e t r i e s w e r e ^ . 5 8 : 1 and 

1.68:1 r e s p e c t i v e l y , compared w i t h 1.7:1 and 2:1 o f t h e p a r e n t 

monomers. The r a t e o f d e p o s i t i o n o f t h e s e monomers was f o u n d 
27 

t o be i n t h e o r d e r 1,3 and 1,4 C 5 F g > C 6 F i o % C 6 F 1 2 ' a n d a s s u c ^ 

t h e ease o f p o l y m e r i z a t i o n seems t o be a s s o c i a t e d w i t h t h e 
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d e g r e e o f u n s a t u r a t i o n i n t h e f l u o r o monomer. T h i s a s s o c -
27 

i a t i o n has been n o t e d p r e v i o u s l y . 

As t h e d e p o s i t i o n r a t e d r o p p e d , t h e s u b s t r a t e 

A u ^ j l e v e l became v i s i b l e and a two-component F^ s s i g n a l was 

o b s e r v e d - t h e n o r m a l h i g h b i n d i n g e n e r g y component c h a r a c t e r ­

i s t i c o f c o v a l e n t C-F bands and a low i n t e n s i t y component 

some 2eV s h i f t e d t o l o w e r b i n d i n g e n e r g i e s . T h i s phenomena 

was n o t e d i n t h e d e p o s i t i o n o f p e r f l u o r o b e n z e n e o n t o A l sub­

s t r a t e s when i r r a d i a t e d by vacuum UV and w i l l be d i s c u s s e d 

i n C h a p t e r Seven. 

U s i n g t h e shape o f t h e C^ s e n v e l o p e as a m a r k e r 

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

w e r e e x a m i n e d b y ESCA and t h e r e s u l t a n t C, c o r e l e v e l s f o r 
J I s 

s e r i e s 1 a r e shown i n F i g u r e 6.10 w h i l s t t h o s e f o r s e r i e s 2 

a r e shown i n F i g u r e 6.11. 

I t i s v e r y a p p a r e n t f r o m F i g u r e 6.10, t h a t t h e 

c o p o l y m e r i z a t i o n o f p e r f l u o r o b e n z e n e w i t h t h e c y c l o h e x a n e , 

c y c l o h e x e n e o r c y c l o h e x a d i e n e h y d r o c a r b o n s have a l l r e s u l t e d 

i n a p o l y m e r whose e n v e l o p e shows t h e now c l a s s i c l a c k o f 

r e a r r a n g e m e n t o f t h e p e r f l u o r o a r o m a t i c monomer, i.e. t h e r e a r e 

two m a i n p e a k s i n t h e C^ s s p e c t r u m w h i c h a r e due t o h y d r o c a r b o n 

a t 285.OeV and t o CF .. a t 287.9eV. T h e r e i s no l o n g e r 
a r o m a t i c 

a l a r g e c o n t r i b u t i o n o f CF^, CF2 o r CF-CF^ component peaks t o 
the C, e n v e l o p e . I s c 

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

b o t h s e r i e s w e r e such t h a t a f t e r a 10 m i n u t e e x p o s u r e t o t h e 

p l a s m a , t h e a l u m i n i u m s u b s t r a t e s w e r e c o m p l e t e l y c o v e r e d , i.e. 

t h e f i l m s w e r e a t l e a s t 7o8 t h i c k . 



P F B / C H A 

P F B / C H E 

• 

P F B / C H D 

285 B.E. /eV 290 295 

FIGURE 6.10 C l g envelopes from PFB non aromatic hydrocarbon 
copolymers 
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B / P F C H A 

B / P F C H E 

B / P F C H D 

B.E. /eV 285 290 295 

envelopes from B non aromatic fluorocarbon FIGURE 6.11 C I s 
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From F i g u r e 6.11 i t i s a l s o a p p a r e n t t h a t t h e 

c o p o l y m e r i z a t i o n o f benzene w i t h t h e c y c l o h e x a n e , c y c l o h e x e n e 

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

mer whose f i u o r o c a r b o n component has n o t been s t a b i l i s e d . 

The C^ s e n v e l o p e shows e v i d e n c e f o r t h e two d i f f e r e n t c o m p o n e n t s : 
1,13,22 

t n e C l a s s i c r e a r r a n g e m e n t o i t u e n u o r o compounu, p r o ­

d u c i n g C-CF, CF-CF n, CF 2 and CF^ component p e a k s , w h i c h f o r m s 

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

i s a t i o n peak a t 285.OeV due t o t h e h y d r o c a r b o n component. On 

t h i s e v i d e n c e a l o n e , i t m i g h t a p p e a r t h a t c o d e p o s i t i o n r a t h e r 

t h a n c o p o l y m e r i z a t i o n has o c c u r r e d i n s e r i e s 2. However, i n 

s e r i e s 1 t h e a r o m a t i c compound was s t a b i l i z e d , w h i l s t a l l t h a t 

c a n be s a i d a b o u t s t a b i l i z a t i o n i n s e r i e s 2 i s t h a t t h e n o n -

a r o m a t i c r i n g s y s t e m was n o t . What p e r h a p s w o u l d be o f more 

i n t e r e s t i n t h e p r e s e n t e x p e r i m e n t i s a k n o w l e d g e o f w h a t has 

happ e n e d t o t h e a r o m a t i c h y d r o c a r b o n . U n f o r t u n a t e l y , t h e use 

o f ESCA does n o t a l l o w f o r t h e i n t e r r o g a t i o n o f d i f f e r e n t 

h y d r o c a r b o n e n v i r o n m e n t s , t h e r e f o r e t h e f a t e o f t h e n o n - a r o m a t i c 

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

i z a t i o n w i t h a f i u o r o c a r b o n , i s u n d e t e r m i n e d . 

The use o f a n o t h e r s u r f a c e s e n s i t i v e t e c h n i q u e 

s u c h as SIMS may p r o v e t o be b e n e f i c i a l , and c o m p l i m e n t a r y 

t o t h e i n f o r m a t i o n d e r i v e d f r o m ESCA. The f r a g m e n t a t i o n 

p a t t e r n o f t h e c o p o l y m e r s may g i v e an i n s i g h t i n t o t h e n a t u r e 

o f t h e h y d r o c a r b o n c o m p o n e n t , a f t e r c o p o l y m e r i z a t i o n , i n t h e 

p o l y m e r f i l m . 

One i n t e r e s t i n g f e a t u r e o f t h e C^s e n v e l o p e s shown 

i n F i g u r e 6 . 1 1 , i.e. t h o s e p r o d u c e d by c o p o l y m e r i z i n g b e n z e n e 

w i t h a non a r o m a t i c f i u o r o c a r b o n , i s i n t h e p e r c e n t a g e i n t e n s i t i e s 
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o f t h e f l u o r o c a r b o n component p e a k s . V i s u a l l y t h e s e d i f f e r 

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

p u r e C^F l 9, and t o a l e s s e r e x t e n t f r o m C,F, and C f iF„ - see 

T a b l e 6.6. 

C o p o l y m e r i z a t i o n has r e s u l t e d i n an i n c r e a s e d 

i n t e n s i t y o f t h e component peaks a s s o c i a t e d w i t h C-CF and CF 

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

o f CF2 and CF^. T h i s has r e s u l t e d i n a change i n t h e r e l a t i v e 

i n t e n s i t i e s o f each component peak w h i c h f o r b e n z e n e / p e r f l u o r o -

c y c l o h e x a n e means t h a t t h e d o m i n a n t peak i n t h e s p e c t r u m a r i s e s 

f r o m C-F and n o t CF2 as i n t h e p u r e C g F ^ p l a s m a p o l y m e r . 

Thus a l t h o u g h c o p o l y m e r i z a t i o n has n o t r e s u l t e d i n s t a b i l i z ­

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

r i b u t i o n o f t h e component peaks t o be a f f e c t e d i n d i c a t i n g 

t h a t an i n t e r a c t i o n o f t h e two compounds has t a k e n p l a c e w i t h i n 

t h e p l a s m a . 

From F i g u r e s 6.10, 6.11 and T a b l e 6.7 i t i s a l s o 

e v i d e n t t h a t t h e F:C s t o i c h i o m e t r i e s a r e n o t e x a c t l y 1 : 1 . 

I f , as e x p e c t e d f r o m t h e d a t a t o d a t e , t h e c o m p o s i t i o n o f t h e 

d e p o s i t e d f i l m i s a r e f l e c t i o n o f t h e gas p h a s e c o m p o s i t i o n , 

t h e n t o o b t a i n a s t o i c h i o m e t r i c f i l m m o n i t o r i n g o f t h e gas 

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

t h e r e q u i r e d f i l m c o m p o s i t i o n . I n t h e present c a s e , f o r b o t h 

s e r i e s 1 and s e r i e s 2 i t w o u l d a p p e a r t h a t t h e gas phase com­

p o s i t i o n i s n o t e x a c t l y 1:1 a s s u m i n g t h a t e l i m i n a t i o n o f f l u o r ­

i n e has n o t o c c u r r e d i n t h e d e p o s i t i o n p r o c e s s e s l e a d i n g t o 

f o r m a t i o n o f t h e c o p o l y m e r . T h a t i t i s n o t s u f f i c i e n t t o know 

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

i n t h e c o p o l y m e r i z a t i o n o f t h e n a p h t h a l e n e s and t h e b i p h e n y l s 
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where t h e c o p o l y m e r s , u n d e r c e r t a i n c o n d i t i o n s , d i d n o t have 

t h e e x p e c t e d F:C s t o i c h i o m e t r y . T h i s , i n t u r n , p o i n t s t o 

t h e need f o r an ESCA a n a l y s i s o f t h e plasma p o l y m e r . W i t h o u t 

ESCA, t h e l a c k o f r e a r r a n g e m e n t o f t h e p e r f l u o r o a r o m a t i c com­

p o n e n t i n t h e p o l y m e r - w h i c h i s s u g g e s t i v e o f an a l t e r n a t i v e 

r e a c t i o n p a t h w a y o c c u r r i n g i n t h e plasma on c o p o i y m e r i z a t i o n -

w o u l d n o t have been n o t e d . 

TABLE 6.7 F l u o r i n e t o c a r b o n and oxyg e n t o c a r b o n peak a r e a 
r a t i o s f o r t h e c o p o l y m e r s p r o d u c e d f r o m s e r i e s 1 and 2 

I s 7 I s 0, /C, I s ' I s I s ' I s 0, /C, I s 7 I s 

A + CHA 1.08 0.05 1.73 0.03 

CHE 1.12 0.03 1.05 0.05 

CHD 0. 80 0.04 0.85 0.04 

S e r i e s 1 S e r i e s 2 

whe r e A = a r o m a t i c , CHA = c y c l o h e x a n e , CHE = c y c l o h e x e n e , 

CHD = c y c l o h e x a d i e n e . 

The c o n c e n t r a t i o n o f o x y g e n , b e t w e e n 2 and 4 p e r 

c e n t i s n o t u n e x p e c t e d i n v i e w o f t h e C>2 l e v e l seen i n o t h e r 

c o p o l y m e r s . I n c r e a s i n g t h e e l e c t r o n t a k e - o f f a n g l e t o 70° 

i n d i c a t e s a h i g h e r p r o p o r t i o n o f ox y g e n c o n t a i n i n g s p e c i e s a t 

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

on e x p o s u r e t o t h e a t m o s p h e r e . The homogeneous n a t u r e o f 

t h e s e f i l m s w i t h i n t h e ESCA s a m p l i n g d e p t h i s a l s o r e v e a l e d 

by t h e a n a l y s i s a t a 70° t a k e - o f f a n g l e . 
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6.4 C o n c l u s i o n 

The p l a s m a c o p o l y m e r i z a t i o n o f b e n z e n e , n a p h t h a l e n e and 

b i p h e n y l w i t h t h e i r r e s p e c t i v e a n a l o q o u s p e r f l u o r o c a r b o n s a l l 

r e s u l t i n p o l y m e r s whose c o m p o s i t i o n s show s i m i l a r t r e n d s , i.e. 

t h e C-̂ s e n v e l o p e no l o n g e r shows t h e e x t e n s i v e r e a r r a n g e m e n t 

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

i n a l a r g e d e c r e a s e i n t h e amount o f CF-CF^,CF 2 and CF^ 

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

s t o i c h i o m e t r y o f t h e d e p o s i t e d f i l m r e f l e c t s t h e gas phase 

c o m p o s i t i o n i n t h e p l a s m a , i.e. a 1:1 c o p o l y m e r w i l l r e s u l t i f 

t h e gas phase has a 1:1 c o m p o s i t i o n . The r a t i o o f f l u o r o ­

c a r b o n t o h y d r o c a r b o n i n t h e gas phase i s d i f f i c u l t t o p r e d i c t 

when u s i n g a 1:1 m o l a r r a t i o o f m i x e d s u b l i m a b l e s o l i d s . More 

s u c c e s s i s a c h i e v e d by u s i n g n e e d l e v a l v e s and m o n i t o r i n g t h e 

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

T h e r e a p p e a r s t o be a g r e a t e r r e t e n t i o n o f t h e a r o m a t i c 

n a t u r e o f t h e f l u o r o c a r b o n monomer as e v i d e n c e d by t h e i n ­

c r e a s e d T T - > T T * s h a k e - u p s a t e l l i t e s i n b o t h t h e C,„ and F, c o r e 
^ I s I s 

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

t o CF. The p o s i t i o n o f t h i s peak i s v e r y s i m i l a r t o t h e 

b i n d i n g e n e r g y o f t h e CF-CF peak i n t h e s p e c t r u m o f c o n d e n s e d 

o c t a f l u o r o n a p h t h a l e n e , w h i c h i s some 0.4eV l e s s t h a n t h e b i n d i n g 

e n e r g y o f CF i n t h e p u r e p e r f l u o r o p l a s m a polymer, i.e. 
t h e peak i n t h e c o p o l y m e r a r i s e s f r o m CF-CF .. g r o u p s . ^ a r o m a t i c ^ ^ 

U n f o r t u n a t e l y , no i n f o r m a t i o n r e g a r d i n g t h e s t a t e o f t h e arom­

a t i c h y d r o c a r b o n i n t h e p l a s m a c o p o l y m e r c a n be d e r i v e d f r o m ESCA. 

O p t i c a l e m i s s i o n f r o m t h e OFN/N c o p l a s m a show t h a t , on 

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

CF2 e m i t t i n g i n t h e gas p h a s e . An unknown peak a t 510nm, 
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w h i c h seems t o be a s s o c i a t e d w i t h t h e d i f l u o r o c a r b e n e peak, 

a l s o shows a r e d u c t i o n i n t h e i n t e n s i t y s u c h t h a t i t i s no 

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

From t h e c o m p o s i t i o n o f t h e d e p o s i t e d c o p o l y m e r and t h e 

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

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

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

The c o p o l y m e r i z a t i o n o f p e r f l u o r o b e n z e n e and p e r f l u o r o -

n a p h t h a l e n e r e s u l t s i n a c o p o l y m e r whose c o m p o s i t i o n i s 

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

p l a s m a . However t h e r e i s a d i f f e r e n c e , t h i s i s shown i n a 

f a c t o r o f two r e d u c t i o n i n t h e amount o f CF-CF and a r e d u c t i o n 
— n 

i n t h e amount o f CF2 f u n c t i o n a l i t i e s a p p a r e n t i n t h e C^s 

e n v e l o p e . T h i s r e d u c t i o n i n t h e amount o f f l u o r i n e i s r e ­

f l e c t e d i n t h e C:F s t o i c h i o m e t r y o f t h e c o p o l y m e r w h i c h i n d i c ­

a t e s t h a t t h e r e has b e e n an e l i m i n a t i o n o f f l u o r i n e i n t h e 

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

i s n o t s een i n t h e p o l y m e r s r e s u l t i n g f r o m t h e p u r e p e r f l u o r o -

a r o m a t i c compounds. As s u c h , t h i s i s an i n d i c a t i o n t h a t t h e 

b e h a v i o u r o f e ach monomer i n t h e p l a s m a has been a l t e r e d by 

t h e p r e s e n c e o f t h e o t h e r . Thus a l t h o u g h t h e p e r f l u o r o a r o m a t i c 

compounds have n o t been s t a b i l i z e d , t h e p o l y m e r p r o d u c e d by a 

m i x t u r e o f p e r f l u o r o b e n z e n e and p e r f l u o r o n a p h t h a l e n e i n a 

p l a s m a i s n o t due t o t h e i n d e p e n d e n t c o d e p o s i t i o n o f e a c h i n ­

d i v i d u a l monomer. 

From t h e p l a s m a p o l y m e r i z a t i o n o f an a r o m a t i c w i t h a non 

a r o m a t i c 6-membered r i n g s y s t e m , u s i n g a c o m b i n a t i o n o f h y d r o ­

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

b e n zene ( p l u s h y d r o c a r b o n ) a l l show s t a b i l i z a t i o n o f t h e 
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p e r f l u o r o b e n z e n e monomer. T h i s i s seen i n t h e i n h i b i t i o n 

o f r e a r r a n g e m e n t o f t h e f l u o r o c a r b o n component o f t h e C^g 

e n v e l o p e compared w i t h t h e s i n g l e p u r e p e r f l u o r o p l a s m a 

p o l y m e r . The c o m p o s i t i o n a l p r o p e r t i e s e x h i b i t e d by t h e s e 

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

i z a t i o n o f an a r o m a t i c f l u o r o c a r b o n w i t h i t s a n a l o g o u s h y d r o ­

c a r b o n . The c o p o l y m e r i z a t i o n o f b e n z e n e ( p l u s f l u o r o c a r b o n ) 

r e s u l t s i n a c o p o l y m e r whose f l u o r o c a r b o n c omponent, as seen 

i n t h e C-̂ s e n v e l o p e , i s e s s e n t i a l l y t h e same as i n t h e p u r e 

p e r f l u o r o p l a s ma p o l y m e r s , -i.e. t h e f l u o r o c a r b o n component has 

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

i n t h e p l a s m a . 
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7.1 I n t r o d u c t i o n 

A b s o r p t i o n o f r a d i a t i o n , by m o l e c u l e s , p l a y s an 

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

may have v a r y i n g e f f e c t s on a c h e m i c a l r e a c t i o n , f r o m s u b t l e 

c h anges i n r e a c t i o n r a t e t o d r a s t i c a l t e r a t i o n o f r e a c t i o n 

p a t h w a y . ^ 

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

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

b e i n g d e p e n d e n t on t h e w a v e l e n g t h o f r a d i a t i o n and hence t h e 

e n e r g y a v a i l a b l e : 

v, , he w h e r e E = hv = - r -
A 

h = P l a n c k s c o n s t a n t , v = f r e q u e n c y , 

X = w a v e l e n g t h and c = speed o f l i g h t . 

As t h e i n c i d e n t r a d i a t i o n e n e r g y i n c r e a s e s f r o m t h e 

m i c r o w a v e t o t h e UV, e x c i t a t i o n moves f r o m r o t a t i o n a l t o 

v i b r a t i o n a l and f i n a l l y e l e c t r o n i c a l l y e x c i t e d s t a t e s . A t 

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

t h e q u antum o f r a d i a t i o n a b s o r b e d r e s u l t s i n i o n i z a t i o n o r 

d i s s o c i a t i o n o f t h e molecule''": 

M h v - M + + e o r X + Y 

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

e x c i t e d m o l e c u l e , w h i c h i s a new d i s t i n c t c h e m i c a l s p e c i e s 

w i t h i t s own c h e m i c a l and p h y s i c a l p r o p e r t i e s , may w e l l r e ­

a c t t o s t a b i l i s e t h e m o l e c u l e . Excess e n e r g y i s l o s t b y 

a v a r i e t y o f r a d i a t i v e and non r a d i a t i v e p r o c e s s e s ( w h i c h 

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

t o p r o d u c e a more s t a b l e g r o u n d s t a t e m o l e c u l e . 
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I n an a t t e m p t t o u n d e r s t a n d s u c h p r o c e s s e s numerous 

p h o t o c h e m i c a l e x p e r i m e n t s have been c a r r i e d o u t i n d i f f e r e n t 

o r g a n i c monomers. I t was w h i l s t c a r r y i n g o u t s u c h s t u d i e s , 

l i m i t e d t o 200nm and above by e x p e r i m e n t a l c o n s i d e r a t i o n s , 

t h a t t h e f o r m a t i o n o f a p o l y m e r i c d e p o s i t w h i c h o f t e n accom-
2 

p a n i e d a UV i r r a d i a t i o n e x p e r i m e n t , was n o t i c e d . 

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

o r g a n i c v a p o u r s w i t h UV l i g h t has been t e r m e d ' S u r f a c e 
3 

P h o t o p o l y m e r i z a t i o n 1 . P o l y m e r s p r o d u c e d b y t h i s method 

p o s s e s s some o f t h e p r o p e r t i e s e x h i b i t e d b y t h e a n a l o g o u s 

p l a s m a p o l y m e r , n o t l e a s t t h e i n t e g r i t y a nd s t r o n g l y a d h e r e n t 

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

o f t h e c h a r a c t e r i s t i c s o f t h e p o l y m e r p r e p a r e d f r o m t h e same 

s t a r t i n g monomer by c o n v e n t i o n a l s y n t h e t i c t e c h n i q u e s . As 

an e x a m p l e , t e t r a f l u o r o e t h y l e n e has b e e n s u r f a c e p h o t o p o l y -

m e r i z e d t o g i v e a v e r y t h i n c o a t i n g o f h i g h i n t e g r i t y w h i c h 
4 

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

h y d r o p h o b i c s u r f a c e . ^ S i m i l a r p o l y m e r f i l m s o f C2F4 have 

been p r e p a r e d by p l a s m a p o l y m e r i z a t i o n , ^ and l i k e t h e s e f i l m s , 

s u r f a c e p h o t o p o l y m e r i z a t i o n p r o d u c e s a f i l m w h i c h has s t r u c t ­

u r a l d i f f e r e n c e s f r o m PTFE as shown by t h e p r e s e n c e o f CF^ 

4 
g r o u p s . 

To some e x t e n t , t h e r e f o r e , s u r f a c e p h o t o p o l y m e r i z a t i o n 

(200<A<300nm) c o u l d be c o n s i d e r e d as an i n t e r m e d i a t e b e t w e e n 

p l a s m a and c o n v e n t i o n a l p o l y m e r i z a t i o n , w h e r e s t a r t i n g m a t e r -
7 

i a l s r a n g e f r o m c o n v e n t i o n a l monomers s u c h as e t h y l e n e and 
g 

b u t a d i e n e t o m a t e r i a l s n o t s u b j e c t t o c o n v e n t i o n a l f o r m s o f 
9 

p o l y m e r i z a t i o n s u c h as b e n z e n e . A l t h o u g h some o r g a n i c com­

pounds n o t c o n v e n t i o n a l l y p o l y m e r i z a b l e h a v e b e e n d e m o n s t r a t e d 



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

p l a s m a p o l y m e r i z a t i o n may be s e v e r e l y r e s t r i c t e d b y t h e 

l o w e r w a v e l e n g t h l i m i t o f 200nm. 

W i t h t h e d e v e l o p m e n t o f t h e r a r e gas l o w p r e s s u r e r e s o n ­

ance lamp i n t h e 19 5 0 s , 1 0 t h e a v a i l a b l e p h o t o n e n e r g y was 

e x t e n d e d t o t h e vacuum-UV and numerous w o r k e r s s t u d i e d t h e 

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

t h e 19 6 0 s . 1 1 

Vapour Wavelength/nm Energy/eV 

Xenon 14 7 3.4 

K r y p t o n 123.6 10.0 

A r g o n 104.8-106.7 11.81-11.60 

H e l i u m 58.4 2 1 . 2 1 

Benzene, i n p a r t i c u l a r , has been t h e s u b j e c t o f e x t e n s i v e 

p h o t o c h e m i c a l s t u d i e s by s e v e r a l w o r k e r s u s i n g p h o t o n e n e r g i e s 

b e l o w 2 0 0 n m . 1 ^ a ^ He n t z and Rzad r e p o r t e d t h a t t h e m a j o r 
!2a 

p h o t o l y s i s p r o d u c t was a p o l y m e r . W i t h 147nm r a d i a t i o n t h i s 

p o l y m e r f o r m a t i o n showed a p r e s s u r e dependence s i m i l a r t o 

t h a t a t 184.9nm, namely t h a t as t h e p r e s s u r e i n c r e a s e d p o l y m e r 
12 k) 

f o r m a t i o n d e c r e a s e d . J a c k s o n , F a r i s and Donn r e p o r t e d t h e 
m a j o r p r o d u c t s o f p h o t o l y s i s o f benzene a t 147nm w e r e a c e t y l e n e 

12c 

and f u l v e n e a l o n g w i t h p o l y m e r i c m a t e r i a l . Ward et al 

r e p o r t e d on t h e f o r m a t i o n o f t w o n o v e l compounds, ais and 

tpans h e x a 1 , 3 - d i e n e - 5 - y n e i n t h e vacuum UV p h o t o l y s i s o f 
12 d 

b e n z e n e i n t h e v a p o u r p h a s e , a l o n g w i t h p o l y m e r : 
II 

+ hv 1 8 4 • 9 n i"»» ^ Jl + CH2=CH-CH=CH-C = CH + P o l y m e r 

f u l v e n e ais/trans d i e n y n e 
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I n a l l o f t h e s e e x a m p l e s t h e p o l y m e r f o r m e d was n o t 

a n a l y s e d b u t i t has been r e p o r t e d t h a t ' t h e g e n e r a l b e h a v i o u r 

o f t h i s m a t e r i a l was s i m i l a r t o t h a t o f c u p r e n e 1 . ^ 

Non a r o m a t i c m o l e c u l e s have a l s o been p h o t o l y s e d by 
14 

w a v e l e n g t h s b e l o w 200nm. S c a l a and A u s l o o s s t u d i e d t h e 
gas phase p h o t o l y s i s o f c y c l o p r o p a n e w i t h p h o t o n e n e r g i e s 

15 
above and b e l o w t h e i o n i s a t i o n e n e r g y o f C-C-.H 

3 6 

( I . E . = 1 0 . 0 6 e V E l 2 2 . 9 n m ) . The p r o d u c t s f o r m e d i n b o t h 

e x p e r i m e n t s , a t 104.8nm and 123.6nm, i n d i c a t e d t h a t t h e 

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

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

ment o r b y e l i m i n a t i o n o f h y d r o g e n o r m e t h y l e n e . I n t e r e s t i n g l y , 

p h o t o l y s i s o f t h e p u r e compound a t b o t h e n e r g i e s r e s u l t e d i n 

t h e f o r m a t i o n o f p o l y m e r on t h e window o f t h e r e s o n a n c e lamp, 

whose g r o w t h r a t e i n t h e p r e s e n c e o f 5% o x y g e n o r n i t r o g e n 

o x i d e was i n h i b i t e d . 1 ^ T h i s i s i n a g r e e m e n t w i t h t h e w o r k 

r e p o r t e d b y Kozak et at.^ 

I t has l o n g b e e n known t h a t e x c i t a t i o n o f a p l a s m a i n 

t h e a p p r o p r i a t e gas can p r o v i d e a r i c h s o u r c e o f vacuum UV 

l i g h t . ^ C o r b i n , Cohen and B a d d o u r s t u d i e d t h e s u r f a c e 

f l u o r i n a t i o n o f v a r i o u s p o l y m e r s u s i n g p l a s m a d i s c h a r g e s as 
18 

t h e s o u r c e o f e l e c t r o m a g n e t i c r a d i a t i o n . They c o n c l u d e d 

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

UV, was c a p a b l e o f e n h a n c i n g t h e r e a c t i v i t y o f t h e p o l y m e r 

s u r f a c e t o w a r d f l u o r i n e g a s . 

T h i s c h a p t e r p r e s e n t s t h e r e s u l t s o f an i n v e s t i g a t i o n 

i n t o t h e p h o t o p o l y m e r i z a t i o n o f N v i n y l p y r r o l i d o n e (NVP) 

and p e r f l u o r o b e n z e n e u s i n g t h e o u t p u t f r o m an A r g o n p l a s m a 

as t h e s o u r c e o f vacuum-UV. The s t r u c t u r e and b o n d i n g i n 
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t h e r e s u l t a n t p o l y m e r s as d e t e r m i n e d by ESCA i s r e p o r t e d , and 

a c o m p a r i s o n made w i t h t h e plasma p o l y m e r p r e p a r e d f r o m t h e 

same s t a r t i n g m a t e r i a l . 

7 . 2 Exper i i t i m t t c i l 

N - v i n y l p y r r o l i d o n e was s u p p l i e d by A l d r i c h and vacuum 

d i s t i l l e d p r i o r t o b e i n g d e g a s s e d by f r e e z e t h a w c y c l e s . 

A r g o n was s u p p l i e d by B.O.C. and used as b o u g h t . 

I . P h o t o p o l y m e r i z a t i o n 

A c a l c i u m f l u o r i d e w i ndow, o f 50mmx5mm d i m e n s i o n s 

(Specac) was mo u n t e d i n t o an a l u m i n i u m h o l d e r u s i n g v i t o n '0' 

r i n g s - t h i s i s shown d i a g r a m m a t i c a l l y i n F i g u r e 7 . 1 1 . T h i s 

a s s e m b l y was t h e n h e l d i n be t w e e n t w o FG50 f l a n g e s as shown 

i n a s c h e m a t i c o f t h e e x p e r i m e n t a l c o n f i g u r a t i o n i n Figure 7 . I l l 

Each s i d e o f the window was pumped b y an Edwards ED2M2 

21s pump, a t y p i c a l base p r e s s u r e o f 0.02mbar b e i n g a c h i e v e d 

F o r vacuum UV i r r a d i a t i o n s an A r g o n p l a s m a was i n i t i a t e d on 

t h e r i g h t h a n d s i d e o f t h e w indow w h i l s t t h e monomer v a p o u r 

o f i n t e r e s t was l e t i n t o t h e l e f t hand s i d e o f t h e w i n d o w 

b o t h f l o w s b e i n g d y n a m i c . The 50W A r p l a s m a w i t h a p r e s s u r e 

o f O.lmb, was s u s t a i n e d f o r one h o u r p e r i o d s by a T e g a l C o r p o r 

a t i o n 13.56 MHz RF g e n e r a t o r and LC m a t c h i n g n e t w o r k ( a s i n 

C h a p t e r Two). The p h o t o n o u t p u t f r o m t h e p l a s m a i r r a d i a t i n g 

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

s e nce o f t h e o r g a n i c v a p o u r , p l a c e d 3cm b e h i n d t h e w i n d o w . 

The s u b s t r a t e was h e l d i n p l a c e by S c o t c h d o u b l e s i d e d t a p e 

and removed a f t e r e x p o s u r e f o r an ESCA a n a l y s i s o f any p o l y ­

m e r i c d e p o s i t . 
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Viton 

EXPERIMENTAL CONFIQERATION 

FOR VACUUM UV SURFACE PHOTOPOLYMERIZATION 

PIRANI 

HEAD 

TO < 
COLD TRAP AND 

PUMP 

MONOMER 
INLET VITON 

0 RINGS 

PIRANI 

HEAD 

SUBSTRATE I | | 

Ji b CM 

INERT GAS 

COLD TRAP AND 
. . PUMP. . + 

FIGURE 7.1 I and I I S c h e m a t i c of c a l c i u m f l u o r i d e window 
a s s e m b l y ( I ) mounted a s shown i n ( I I ) 

Monomer 

T y p i c a l f l o w r a t e s f o r t h e monomers were 

P r e s s u r e / m b Flow r a t e / c m 3 S T P min 1 

P e r f l u o r o b e n z e n e 

NVP 

NVP 

0.1 

0.095 

0.06 

2.3 x 10 - 4 

1.3 x 10 - 4 

6.9 x 10 -5 

F o r i r r a d i a t i o n w i t h w a v e l e n g t h s l a r g e r t h a n 200nm, i.e 

t o e l i m i n a t e w a v e l e n g t h s below 200nm, t h e o u t p u t from an 
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O r i e l S c i e n t i f i c L t d . 200W medium p r e s s u r e Hg/Xe a r c lamp 

was used i n p l a c e o f t h e a r g o n p l a s m a . 

A f t e r t h e d e p o s i t i o n p e r i o d , t h e s a m p l e chamber was l e t 

up t o a t m o s p h e r i c p r e s s u r e w i t h n i t r o g e n t o l i m i t t h e i n i t i a l 

r e a c t i o n o f any r e a c t i v e s i t e s i n t h e p o l y m e r m a t r i x w i t h 

o x y g e n . The a l u m i n i u m f o i l s u b s t r a t e was t h e n t r a n s f e r r e d 

and mounted o n t o a p r o b e t i p i n a i r p r i o r t o ESCA a n a l y s i s . 

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

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

s e c t i o n i n C h a p t e r Two. 

FAB/SIMS s p e c t r a w e r e r e c o r d e d on a K r a t o s SIMS 800 

s y s t e m , and a n a l y s e d u s i n g t h e K r a t o s SIMSCAN s o f t w a r e p a c k a g e 

e m p l o y i n g a DEC PDP-11 m i n i c o m p u t e r . Samples w e r e i n t r o d u c e d 

i n t o t h e SIMS s p e c t r o m e t e r via a f a s t i n s e r t i o n l o c k . The 

ba s e p r e s s u r e o f t h e s y s t e m was % 5 x l 0 ^ t o r r . A r g o n gas 
— 6 

was i n t r o d u c e d i n t o t h e i o n gun t o a p r e s s u r e o f 1x10 t o r r , 

and t h e r e s u b s e q u e n t l y t o t h e n e u t r a l i s a t i o n chamber o f t h e 

FAB gun t o a p r e s s u r e o f 3x10 ̂  t o r r . 

The 3kV beam gave a s e c o n d a r y e l e c t r o n e m i s s i o n 
— 6 

c u r r e n t o f ̂ 5 x 1 0 A. P o s i t i v e i o n s p e c t r a w e r e a c q u i r e d 

u s i n g an 85 s e c o n d a c q u i s i t i o n p e r i o d . 

7.3 R e s u l t s and D i s c u s s i o n 

( I ) N V i n y l P y r r o l i d o n e (NVP) 

19 

NVP has p r e v i o u s l y b e e n p l a s m a p o l y m e r i z e d and 

i t s p o l y m e r shown t o have t h e p o t e n t i a l o f f o r m i n g a s e m i ­

p e r m e a b l e membrane when d e p o s i t e d o n t o a p o r o u s s u b s t r a t e . 
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T h i s p r o p e r t y i s a s s o c i a t e d m a i n l y w i t h t h e h y d r o p h i l i c 

n a t u r e o f t h e plasma p o l y m e r d e r i v e d f r o m t h e oxy g e n and 
19 n i t r o g e n c o n t a i n i n g f u n c t i o n a l i t i e s i n t h e s u r f a c e . Yasuda 

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

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

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

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

c o n v e n t i o n a l p o l y m e r i z a t i o n mechanisms t o o c c u r , b o t h by 

p h o t o n i r r a d i a t i o n ^ a n d / o r e l e c t r o n i m p a c t , ^ w i t h i n a 

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

w i t h p e n d a n t p y r r o l i d o n e g r o u p s . S i n c e b o t h r a d i c a l and 

c a t i o n i c s p e c i e s e x i s t i n a p l a s m a i t i s n o t u n r e a s o n a b l e 

t o p o s t u l a t e r e a c t i o n p a t h w a y s b a s e d on t h e s e p r o c e s s e s . 

The mechanism w h e r e b y NVP p o l y m e r i z e s w i t h i n a p l a s m a has n o t 

y e t , h o w e v e r , been d e t e r m i n e d . The amorphous and h i g h l y c r o s s 

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

i n t h e s t a r t i n g m a t e r i a l i n d i c a t i n g t h a t monomer s t r u c t u r e i s 

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

t h a t c o n v e n t i o n a l p o l y m e r i z a t i o n p r o c e s s e s a r e n o t d o m i n a n t . 

NVP was c h o s e n f o r p h o t o p o l y m e r i z a t i o n s t u d i e s s i n c e 

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

a l l o w p o l y m e r i z a t i o n t o o c c u r b y p h o t o c h e m i c a l p a t h w a y s . By 

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

p o l y m e r w o u l d t h e n h i g h l i g h t t h e i m p o r t a n c e , o r absence o f , 

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

(a) M e r c u r y / X e n o n P h o t o p o l y m e r i z a t i o n 

Due t o t h e e x t r e m e l y l o w v a p o u r p r e s s u r e o f NVP, when 

u s i n g a n e e d l e v a l v e f u l l y open t h e p r e s s u r e was s t i l l o n l y 

0.06mb and h e n c e e x p e r i m e n t s w e r e c a r r i e d o u t a t t h i s p r e s s u r e 

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

when t h e monomer v a p o u r was i r r a d i a t e d w i t h a m e r c u r y a r c 
t 

lamp. A l t h o u g h t h e c u t - o f f w a v e l e n g t h o f t h e c a l c i u m f l u o r ­

i d e w indow i s a t ^'130nm and t h e l i g h t o u t p u t f r o m t h e m e r c u r y 

a r c lamp goes down t o ^180nm w i t h f u s e d s i l i c a l e n s e s , a i r 

s t a r t s t o a b s o r b b e l o w 200nm. T h i s means t h a t t h e maximum 

e f f e c t i v e e n e r g y a v a i l a b l e f o r t h e p o l y m e r i z a t i o n o f NVP i s 

up t o ^6.2eV. As t h e s u r f a c e c o m p o s i t i o n o f e a c h , as r e v e a l e d 

by ESCA, a r e i d e n t i c a l o n l y t h e c o r e l e v e l s p e c t r a f o r t h e 

p o l y m e r p r o d u c e d b y t h e low f l o w r a t e o f monomer a r e d i s p l a y e d 

i n F i g u r e 7.2. 

NVP(HG/XE) LOWER FLOW RATE 

x 32 x 1 

290 285 400 535 530 
BINDING ENERGIES / eV 

FIGURE 7.2 Core l e v e l s p e c t r a f o r UV p h o t o p o l y m e r i z e d NVP 

The c u t - o f f p o i n t of an o p t i c a l f i l t e r i s d e f i n e d as t he 
w a v e l e n g t h below w h i c h t h e r e i s l e s s t h a n 50% t r a n s m i s s i o n . 
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The N^ s s i g n a l i s p r e s e n t a t a b i n d i n g e n e r g y o f 399.4eV 

( c o r r e c t e d f o r c h a r g i n g ) and c o n s i s t s o f e s s e n t i a l l y t h e one 

m a i n p h o t o i o n i s a t i o n peak. T h i s i s i n c o n t r a s t t o t h e 0^ s 

c o r e l e v e l w h i c h i s composed o f a t l e a s t t w o d i f f e r e n t e n v i r o n ­

ments a t b i n d i n g e n e r g i e s o f 531.8 and 533.8eV. I n some o f t h e 

N c o r e l e v e l s p e c t r a , a c q u i r e d u s i n g a n a l o g u e mode, h o w e v e r , 

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

g i e s o f t h e m a i n p h o t o i o n i s a t i o n p e a k . The m a i n d r a w b a c k t o 

u s i n g an XY p l o t t e r i s t h e i n a b i l i t y t o a c q u i r e and a v e r a g e 

s e v e r a l s c a n s t o i m p r o v e t h e s i g n a l t o n o i s e r a t i o , t h u s any 

peaks o f v e r y l o w i n t e n s i t y may g e t ' l o s t ' i n t h e b a c k g r o u n d . 

Thus t h e n a t u r e , e i t h e r r e a l o r a p p a r e n t , o f t h e l o w b i n d i n g 

e n e r g y peak was n o t a s c e r t a i n e d . 

The C^ s e n v e l o p e c o n s i s t s o f t h e m a i n p h o t o i o n i s a t i o n 

peak a t 285eV, due t o c a r b o n s n o t a t t a c h e d t o n i t r o g e n o r 

o x y g e n , w i t h a s l o p i n g s h o u l d e r t o h i g h e r b i n d i n g e n e r g i e s . 

Peak f i t t i n g o f t h e c o r e l e v e l , u s i n g s t a n d a r d peak f i t t i n g 
22 

t e c h n i q u e s d e v e l o p e d b y C l a r k et al g i v e s r i s e t o peaks a t 

286.6, 2 8 8 . 1 and 2 8 9 . l e V . These h a v e t e n t a t i v e l y been a s s i g n ­

ed t o C-N o r C-0, 0=C-N and 0=C-0 f u n c t i o n a l g r o u p s r e s p e c t ­

i v e l y . However as t h e c h e m i c a l s h i f t s d e m o s n t r a t e d by o x y g e n 

and n i t r o g e n c o n t a i n i n g f u n c t i o n a l i t i e s a r e v e r y s i m i l a r a 

d e f i n i t i v e a s s i g n m e n t i s n o t p o s s i b l e . 

The C:N:0 r a t i o c a l c u l a t e d u s i n g t h e a p p r o p r i a t e peak 

a r e a s g i v e s r i s e t o a s t o i c h i o m e t r y o f C - ^ Z N Q 1 3 : 0 Q 2.4 ^ o r t ^ i e 

p o l y m e r f i l m . T h i s i s v e r y c l o s e t o t h e a t o m i c r a t i o o f t h e 

monomer, whose s t o i c h i o m e t r y i s C^N Q ^s°0 16' i n < 3 i c a t i n g t h a t 

t h e r e has b e e n v e r y l i t t l e e l i m i n a t i o n o f n i t r o g e n and o x y g e n 

t a k i n g p l a c e i n t h e p r o c e s s e s l e a d i n g up t o p o l y m e r f o r m a t i o n . 
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S t u d i e s o f t h e p o l y m e r f i l m s u s i n g a 70 e l e c t r o n t a k e - o f f 

a n g l e r e v e a l t h e f i l m s t o be v e r t i c a l l y homogeneous t h r o u g h o u t 

t h e ESCA s a m p l i n g d e p t h , and a l s o shows t h e p r e s e n c e o f e x t r a ­

neous h y d r o c a r b o n c o n t a m i n a t i o n . T h i s h y d r o c a r b o n o v e r l a y e r 

w i l l c a u se t h e s i g n a l s f r o m o x y g e n and n i t r o g e n t o a p p e a r 

a r t i f i c i a l l y l ow due t o t h e s m a l l e r s a m p l i n g d e p t h s o f t h e N- ŝ 

and 0 c o r e l e v e l s , t h u s g i v i n g a p o s s i b l e e x p l a n a t i o n f o r t h e x s 
a p p a r e n t l y low c o n t e n t o f t h e s e two e l e m e n t s . However, i t 

has been p r e v i o u s l y n o t e d i n o t h e r o x y g e n c o n t a i n i n g s y s t e m s 

t h a t UV i r r a d i a t i o n can be a c c o m p a n i e d by e l i m i n a t i o n o f t h e 
1 2 

c a r b o n y l g r o u p ' and t h u s a s m a l l amount o f o x y g e n e l i m i n a t i o n 

c a n n o t be r u l e d o u t . 

Over t h e 1 h o u r p e r i o d , t h e r a t e o f d e p o s i t i o n o f t h e t w o 

p o l y m e r f i l m s v a r i e d . U s i n g t h e h i g h e r f l o w r a t e o f NVP a 

t h i c k e r f i l m was p r o d u c e d w h i c h c o m p l e t e l y s u p p r e s s e d t h e 

c o r e l e v e l s i g n a l w h i l s t a t t h e l o w e r f l o w r a t e t h e f i l m t h i c k ­

n e s s , p r o d u c e d f r o m t h e h i g h e r f l o w r a t e , i s g r e a t e r t h a n 7 0 8 . 

The f i l m p r o d u c e d by t h e l o w f l o w r a t e i s a b o u t 6 0 8 t h i c k . 
I n p l a s m a p o l y m e r i z a t i o n , t h e r a t e o f d e p o s i t i o n f a l l s 

23 

i n t o t wo r e g i o n s . The f i r s t r e g i o n i s monomer d e f i c i e n t ; 

h e r e t h e r e i s s u f f i c i e n t power w i t h i n t h e s y s t e m b u t t h e amount 

o f monomer a v a i l a b l e i s l i m i t e d . The s e c o n d r e g i o n i s power 

d e f i c i e n t , t h e r e i s s u f f i c i e n t monomer w i t h i n t h e s y s t e m b u t 
23 

e n e r g y a v a i l a b i l i t y i s l i m i t e d . Thus i f a g r a p h i s p l o t t e d 
W 

o f d e p o s i t i o n r a t e a g a i n s t t h e /FM p a r a m e t e r , an i n c r e a s e i n 

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

a p o i n t w h e r e t h e amount o f power a v a i l a b l e becomes t h e l i m i t i n g 

f a c t o r when a f u r t h e r i n c r e a s e i n monomer w i l l r e d u c e t h e 

d e p o s i t i o n r a t e : 
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0 monomer l i m i t e d 

© power l i m i t e d 

An a n a l o g o u s s i t u a t i o n may e x i s t i n t h e d e p o s i t i o n r a t e 

d u r i n g p h o t o p o l y m e r i z a t i o n o f NVP, w h e r e W now r e f e r s t o t h e 

p h o t o n f l u x f r o m e i t h e r t h e m e r c u r y a r c lamp o r t h e a r g o n 

p l a s m a . B o t h f l o w r a t e v a l u e s a r e s t i l l i n t h e a r e a o f t h e 

c u r v e w h i c h i s monomer d e f i c i e n t and t h u s an i n c r e a s e i n t h e 

amount o f monomer a v a i l a b l e a t t h e h i g h e r f l o w r a t e has t h e 

e f f e c t o f i n c r e a s i n g t h e d e p o s i t i o n r a t e . 

T h a t t h e r e has been no c o n t a m i n a t i o n f r o m t h e s i l i c o n 

t a p e u s e d t o h o l d t h e s u b s t r a t e i n p o s i t i o n d u r i n g i r r a d i a t i o n 

i s e v i d e n c e d b y t h e l a c k o f a s i g n a l f r o m t h e s^2p c o r e l e v e l 

i n b o t h d e p o s i t i o n e x p e r i m e n t s . 

(b) Vacuum UV P h o t o p o l y m e r i z a t i o n 

B o t h h i g h and l o w f l o w r a t e s o f NVP gave r i s e t o a p o l y m e r 

when t h e v a p o u r was i r r a d i a t e d by t h e o u t p u t f r o m an a r g o n 

p l a s m a . U n l i k e t h e p o l y m e r s p r o d u c e d b y A* 200nm r a d i a t i o n , 

h o w e v e r , t h e t w o p o l y m e r s p r o d u c e d by A^130nm r a d i a t i o n a r e 

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

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

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

h e r e . 

The C, , N . and 0, c o r e l e v e l s p e c t r a f o r t h e p o l y m e r p r o 
I S _L S _1_S 

d u c e d a t t h e h i g h e r f l o w r a t e a r e d i & p l a y e d i n F i g u r e 7.3. 

/ \ 

\ <3> d e p o s i t i o n 

W/ 
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VUV NVP 

HIGHER FLOW RATE 

x 3-8 x 1 

/ 

535 530 285 400 290 

BINDING ENERGIES / eV 

FIGURE 7.3 Core l e v e l s p e c t r a f o r VUV p h o t o p o l y m e r i z e d NVP 
u s i n g a h i g h e r f l o w r a t e 

The two s e t s o f s p e c t r a , i.e. from both h i g h and low f l o w r a t e 

p o l y m e r s , a r e r e m a r k a b l y s i m i l a r . Both g i v e r i s e t o a f i l m 

w i t h t h e same s t o i c h i o m e t r i c c o m p o s i t i o n of C^N Q ^-^o ^ and 

t h e C ^ s e n v e l o p e s o f both a r e v i s i b l y v e r y s i m i l a r a l t h o u g h 

n o t i d e n t i c a l . 

The main d i f f e r e n c e , a s f a r as FSCA i s c o n c e r n e d , i s 

i n t h e peak f i t t i n g o f t h e C, e n v e l o p e . The component peaks 

i n t h e C. e n v e l o p e o f t h e f i l m formed a t a h i g h e r f l o w r a t e 

a r e s h i f t e d c l o s e r i n t o t h e main p h o t o i o n i s a t i o n peak, and 

the peak a t 288.7eV i s r e d u c e d i n i n t e n s i t y and i n some i n ­

s t a n c e s l i e s o n l y j u s t above t h e d e t e c t i o n l i m i t . The ex-
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c e p t i o n t o t h i s i s t h e p o l y m e r f o r m e d by A3200nm r a d i a t i o n 

a t h i g h f l o w r a t e s w h i c h i s much c l o s e r i n c o m p o s i t i o n t o t h e 

p o l y m e r s p r o d u c e d by a low f l o w r a t e o f NVP. 

Peak B i n d i n g E n e r g y / e V 

Low H i g h 

CH 285.0 285.0 

C-N/C-0 286 .6 286 .0 

0=C-N 288.1 286 . 4 

0=C-0 289.1 288.7 

TABLE 7.1 B i n d i n g e n e r g i e s o f component p e a k s i n t h e 
e n v e l o p e as a f u n c t i o n o f f l o w r a t e 

T h i s s i t u a t i o n i s i d e n t i c a l t o t h a t w h i c h o c c u r s i n 

t h e p l a s m a p o l y m e r s d e r i v e d f r o m NVP u n d e r t h e t w o d i f f e r e n t 

f l o w r a t e c o n d i t i o n s u s i n g a l o w e r power ( s e e C h a p t e r O n e ) , 

i.e. two d i f f e r e n t p o l y m e r s a r e p r o d u c e d whose d i s s i m i l a r i t y 

i s a p p a r e n t on peak f i t t i n g t h e C, e n v e l o p e s . S i n c e t h e 

b i n d i n g e n e r g i e s o f t h e component p e a k s a r e now d i f f e r e n t , pe 

a s s i g n m e n t i s made e v e n more d i f f i c u l t . The same f u n c t i o n a l 

i t i e s , b u t i n d i f f e r e n t e n v i r o n m e n t s , may be r e s p o n s i b l e f o r 

t h e component p e a k s i n t h e C^ s e n v e l o p e o f t h e h i g h f l o w r a t e 

p o l y m e r . B u t e q u a l l y w e l l t h e s e c o u l d be d e r i v e d f r o m d i f f e 

e n t f u n c t i o n a l g r o u p s . 

The ESCA e v i d e n c e t h e r e f o r e p o i n t s t o t h e f a c t t h a t 

p o l y m e r i z i n g N v i n y l p y r r o l i d o n e w i l l r e s u l t i n one o f t w o 

d i f f e r e n t p o l y m e r s g e n e r a l l y d e p e n d e n t upon t h e f l o w r a t e 

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

(1) Low f l o w r a t e c o n d i t i o n s - p l a s m a p o l y m e r i z a t i o n and 

p h o t o i r r a d i a t i o n , by b o t h m e r c u r y a r c lamp and p l a s m a 

e m i s s i o n , p r o d u c e i d e n t i c a l p o l y m e r f i l m s . 
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(2) H i g h f l o w r a t e c o n d i t i o n s - p l asma p o l y m e r i z a t i o n and 

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

p o l y m e r s b u t d i f f e r e n t t o t h o s e above. 

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

f l o w r a t e c o n d i t i o n s by m e r c u r y a r c lamp i r r a d i a t i o n whose 

c o m p o s i t i o n f a l l s i n t o g r o u p 1 . T h i s phenomena c o u l d be 

a s s o c i a t e d w i t h a W/F p a r a m e t e r . As w i t h d e p o s i t i o n r a t e , 

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

a l t e r i n g t h e v a l u e o f t h i s p a r a m e t e r . Those i n g r o u p 1 

w o u l d a p p e a r t o be m a i n l y l i m i t e d by t h e amount o f monomer 

f l o w i n g t h r o u g h t h e r e a c t o r w h i l s t t h o s e i n g r o u p 2 a r e e n e r g y 

s u f f i c i e n t . The e x c e p t i o n , t h e p o l y m e r c o m p o s i t i o n f o r m e d 

a t h i g h f l o w r a t e s , w o u l d a p p e a r t o be due t o i n s u f f i c i e n t 

e n e r g y i n p u t i n t o t h e s y s t e m w h i c h c a u s e s a g r o u p 1 t y p e 

p o l y m e r t o be f o r m e d . 

I t s h o u l d be s t a t e d h e r e t h a t t h e same phenomena c o u l d 
W 

a p p l y t o p l a s m a p o l y m e r i z a t i o n , t h a t i s , as t h e /FM p a r a m e t e r 

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

a f f e c t e d . No one t o d a t e has made a s y s t e m a t i c s t u d y o f t h e 

c o m p o s i t i o n o f a p l a s m a p o l y m e r as a f u n c t i o n o f i t s ,A?/FM 

v a l u e , i t has p r e v i o u s l y b e e n t a c i t l y assumed t h a t t h e p o l y m e r 

c o m p o s i t i o n a t one end o f t h e c u r v e i s i d e n t i c a l t o t h a t a t 

t h e o t h e r e n d . 

T h i s s i m i l a r i t y / d i s s i m i l a r i t y b e t w e e n t h e t w o t y p e s o f 

p o l y m e r c o m p o s i t i o n e v i d e n c e d by t h e c h e m i c a l s h i f t s i n t h e 

C^g e n v e l o p e s , i s r e f l e c t e d b y t h e s u r f a c e e n e r g i e s o f t h e t w o 

d i f f e r e n t g r o u p s . Those p o l y m e r f i l m s f o r m e d p r i m a r i l y u n d e r 

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

d i s t i l l e d w a t e r o f a r o u n d 50°. T h i s i s i n c o n t r a s t t o t h o s e 
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f i l m s f o r m e d by p l a s m a p o l y m e r i z a t i o n and vacuum UV i r r a d ­

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

h y d r o p h i l i c s u r f a c e , i.e. t i e c o n t a c t a n g l e <5°. 

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

peaks o f t h e e n v e l o p e o f e a c h g r o u p do n o t f a l l n e a t l y 

i n t o any r e a l t r e n d s . Plasma p o l y m e r i z a t i o n u s i n g a h i g h 

f l o w r a t e - g r o u p 2 p o l y m e r - p r o d u c e s a f i l m whose compos­

i t i o n i s much r i c h e r i n t h e component a t ^288eV w i t h a r e ­

du c e d amount o f t h e component a t ^289eV. On t h e o t h e r h a n d , 

t h e c o m p o s i t i o n o f t h e p o l y m e r f o r m e d b y UV i r r a d i a t i o n -

g r o u p 1 p o l y m e r - a p p e a r s t o be c l o s e r , i n p e r c e n t a g e i n t e n s i t y 

o f t h e component p e a k s , t o t h e p l a s m a p o l y m e r p r o d u c e d a t 

h i g h f l o w r a t e s . 

However, i t s h o u l d be added t h a t d i s c r e p a n c i e s m i g h t a r i s e 

i n peak i n t e n s i t i e s due t o t h e f a c t t h a t some o f t h e pe a k s w e r e 

d i g i t a l l y f i t t e d u s i n g t h e DS300 w h i l s t o t h e r s w e r e f i t t e d u s i n g 

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

i a l l y i n m a i n t e n a n c e o f t h e FWHH. 

To e x a m i n e t h e s e f i l m s f u r t h e r , SIMS s p e c t r a w e r e r e ­

c o r d e d on a K r a t o s SIMS 800 s p e c t r o m e t e r . The c o n d i t i o n s 

w e r e n o t o p t i m i z e d b u t a l l s p e c t r a w e r e r e c o r d e d u n d e r i d e n t ­

i c a l c o n d i t i o n s . The SIMS s p e c t r a shown i n F i g u r e s 7.41 and 

I I a r e f o r t h e vacuum UV p h o t o p o l y m e r i z e d NVP u n d e r l o w and 

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

p l a s m a p o l y m e r s a r e shown i n C h a p t e r One, w h i l s t t h o s e f r o m 

t h e UV i r r a d i a t e d NVP a r e i n A p p e n d i x One. 

The p o s i t i v e i o n s p e c t r a o f b o t h NVP p o l y m e r f i l m s a r e 

q u i t e c o m p l e x and t h e p r e s e n t a i m i s n o t t o u n d e r t a k e a compre­

h e n s i v e a n a l y s i s o f t h e f r a g m e n t p e a k s b u t t o h i g h l i g h t any 
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f e a t u r e s w h i c h may be u s e d as a m o n i t o r f o r t h e d i f f e r e n c e s 

i n e a c h s a m p l e . 

T •; 1, ^ A- K rp c A " • - —- - - 4- j _ 1~ ~. T * * r» — ~ j . 4 — T7<4 — 1 Al 

uxr^c u i c n,ov_A a p e C t i a , c u e OJ-MO => jyt:i_; UJ. a x n r l y U l f i S / . n 

and 7.All a r e r e m a r k a b l y s i m i l a r t o each o t h e r , b u t t h e r e a r e 

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

p a r t i c u l a r l y n o t i c e a b l e i n t h e r e l a t i v e i n t e n s i t i e s o f e ach 

peak w i t h i n t h e g r o u p s a t 28, 29, 30; 46, 47, 48/ 55, 56 and 

57 AMU. T h i s d i f f e r e n c e i s r e p r o d u c i b l e b e t w e e n t h e o t h e r 

NVP d e r i v e d f i l m s ( s e e C h a p t e r One and A p p e n d i x One). F o r 

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

o f e ach f r a g m e n t peak d e c r e a s e s f r o m one peak t o t h e n e x t 

w i t h i n e a c h g r o u p o f t h r e e . However, f o r t h e l o w f l o w r a t e 

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

t e n s i t y . P o s s i b l e f r a g m e n t s g i v i n g r i s e t o each o f t h e s e 

p eaks a r e g i v e n i n C h a p t e r One. 

ESCA, SIMS and c o n t a c t a n g l e m e a s u r e m e n t s , t h e r e f o r e , a l l 

i n d i c a t e t h a t a l t h o u g h N v i n y l p y r r o l i d o n e c a n be p o l y m e r i z e d 

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

' s o u r c e s ' , o n l y t w o d i s t i n c t p o l y m e r t y p e s a r e p r o d u c e d . 

Work on c h l o r o a c r y l o n i t r i l e , w h i c h i s i n p r o g r e s s , has 

a l s o shown t h a t t h e r e a r e s i m i l a r i t i e s b e t w e e n t h e p o l y m e r s 
24 

p r o d u c e d b y p l a s m a p o l y m e r i z a t i o n , vacuum UV and UV i r r a d i a t i o n s . 

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

t w o p r o b l e m s a s s o c i a t e d w i t h t h e use o f an o p t i c a l f i l t e r 

q u i c k l y became a p p a r e n t . The f i r s t , and more i m p o r t a n t , was 

t h e g r a d u a l b u i l d up o f p o l y m e r on t h e w i n d o w d u r i n g d e p o s i t i o n . 

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

i r r a d i a t i n g t h e v a p o u r / s u b s t r a t e o v e r t h e h o u r l o n g e x p o s u r e ^ 

b u t a l s o p r o b l e m s a s s o c i a t e d w i t h f i l m r e m o v a l f r o m t h e w i n d o w 
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a f t e r each e x p e r i m e n t . C h e m i c a l e t c h i n g o f t h e s u r f a c e w i t h 

d i l u t e h y d r o g e n f l u o r i d e has been r e p o r t e d as one method f o r 

p o l y m e r r e m o v a l , w h i l s t w a s h i n g w i t h s o l v e n t i s a n o t h e r , 

T h r o u g h o u t t h e s e e x p e r i m e n t s t h e window was p l a c e d i n a v e r y 

h i g h power (^80-100W) o x y g e n p l a s m a a f t e r e a c h i r r a d i a t i o n t o 

o x i d i s e t h e p o l y m e r f i l m t o s i m p l e gases w h i c h c o u l d t h e n be 

pumped away. The r e m o v a l o f t h i s 'unwanted' f i l m i s v e r y 

i m p o r t a n t , e s p e c i a l l y f o r t h e vacuum UV p o l y m e r i z a t i o n s s i n c e 

t h e f i l m s a b s o r b r a d i a t i o n b e l o w 200nm and h e n c e can c ause 

p r o b l e m s w i t h p o l y m e r f o r m a t i o n , i n t h e c a s e o f PFB - see 

n e x t s e c t i o n - o r w i t h p o l y m e r t y p e i n t h e c a s e o f NVP. 

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

t h e window i t s e l f . T h i s c a u s e d t h e f o r m a t i o n o f a b s o r p t i o n 
25 

bands i n t h e v i s i b l e and u l t r a v i o l e t r e g i o n s . The c o l o u r 

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

c r y s t a l , f o r CaF2 a p u r p l e / b l u e c o l o u r a t i o n was p r o d u c e d . 

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

a r e c a l l e d F o r V c e n t e r s d e p e n d i n g upon t h e d e f e c t . 

These c e n t e r s a r e b e l i e v e d t o be f o r m e d as shown by t h e 

s c h e m a t i c r e p r e s e n t a t i o n b e l o w : 
- + - + - + - + - + - + - + 

+ - + - + - + e + - + -
»• o r 

- + - + - + - + - + - + -- + 

+ - + - + - + - + •- + - + -

n e g a t i v e i o n v a c - p o s i t i v e i o n 
a n c y - F c e n t e r v a c a n c y - V c e n t e r 

FIGURE 7.5 F o r m a t i o n o f F and V C e n t r e s i n C aF 2 
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I r r a d i a t i o n o f t h e r e g u l a r t h r e e - d i m e n s i o n a l a r r a y o f 

p o s i t i v e and n e g a t i v e i o n s c a u s e s e l e c t r o n s t o be e j e c t e d 

f r o m some o f t h e atoms i n t h e c r y s t a l l a t t i c e , W h i l s t most 

o f t h e s e e l e c t r o n s r e t u r n t o t h e r e l e v a n t a t o m s , some a r e 

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

The f o r m a t i o n o f a V c e n t e r i s by t h e l o s s o f an e l e c t r o n 

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

v a c a n c y , t o f o r m an atom. 

These a b s o r p t i o n bands can be b l e a c h e d by h e a t i n g o r by 

i r r a d i a t i o n o f t h e window w i t h t h e m e r c u r y a r c lamp, t h e 

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

e l e c t r o n d e f i c i e n t c e n t e r s . T h e r e f o r e a f t e r c l e a n i n g t h e 

window w i t h an o x y g e n p l a s m a , i t was p l a c e d i n f r o n t o f t h e 

m e r c u r y a r c lamp f o r t h i r t y m i n u t e s . 

( I I ) A b s o r p t i o n o f F l u o r o c a r b o n s 

The UV a b s o r p t i o n s p e c t r u m o f a g i v e n m o l e c u l e i s 

due t o e l e c t r o n i c t r a n s i t i o n s f r o m t h e m o l e c u l a r g r o u n d s t a t e 

t o one o r more o f i t s e x c i t e d e l e c t r o n i c s t a t e s ; t h e e n e r g y 

o f t h e a b s o r b e d p h o t o n b e i n g e q u a l t o t h e e n e r g y d i f f e r e n c e 
1 

b e t w e e n t h e e x c i t e d and g r o u n d s t a t e s . These e x c i t e d s t a t e s 
2 6 

a r e e i t h e r R y d b e r g o r v a l e n c e s h e l l i n n a t u r e a l t h o u g h m i x i n g 

b e t w e e n t h e m i s p o s s i b l e . 

R y d b e r g s t a t e s c a n be t h o u g h t o f as s t a t e s i n w h i c h 

t h e e x c i t e d e l e c t r o n ' o c c u p i e s ' a m o l e c u l a r o r b i t a l o f l a r g e 

s i z e . The e x c i t e d e l e c t r o n i s t h e r e f o r e f a r f r o m t h e ' c o r e ' 
2 

w h i c h i s n e a r l y p o i n t l i k e compared t o t h e s i z e o f t h e o r b i t a l . 

M o l e c u l a r R y d b e r g t r a n s i t i o n s y i e l d a s e r i e s o f bands whose 

wave numbers c a n be e x p r e s s e d by R y d b e r g f o r m u l a s : 
1 I - R 
X ( n - A ) 2 
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whore X = w a v e l e n g t h i n cm I = i o n i z a t i o n p o t e n t i a l ; 

n = p r i n c i p a l quantum number; 

R = R y d b e r g c o n s t a n t = 109737.3 cm "*"; 

and A = 'quantum d e f e c t ' w h i c h t a k e s i n t o a c c o u n t t h e 

f a c t t h a t e n e r g y a l s o depends on t h e a z i m u t h a l 

q u antum number, I. 

R 
( n - A ; 

- 2= R y d b e r g ' t e r m ' and has d e t e r m i n e d v a l u e s 

I n a l l a r o m a t i c m o l e c u l e s t h e v a l e n c e s h e l l I T - > - T T * 

bands a r e t h e b a n d s o f l o w e s t e n e r g y and a t l e a s t t w o o r 

t h r e e o f t h e s e a r e e n c o u n t e r e d b e f o r e reaching t h e l o w e s t 
2 6 

R y d b e r g b a n d . 

F o r b e n z e n e , t h e l o w e s t e n e r g y T T ^ - T T * t r a n s i t i o n s 

h ave been d e t e r m i n e d and a r e c e n t r e d a t 254, 204 and 184nm 
27 

r e s p e c t i v e l y . The f i r s t t w o bands a r e f o r m a l l y symmetry 

f o r b i d d e n a l t h o u g h v i b r o n i c m i x i n g does o c c u r t o g i v e weak 

bands i n t h e a b s o r p t i o n s p e c t r u m . The t h i r d b a n d , h o w e v e r , 

i s a l l o w e d . 

V i b r o n i c m i x i n g o c c u r s when v i b r a t i o n s o f t h e mole­

c u l e d e s t r o y i t s symmetry and t h e r e f o r e removes t h e c o n ­

s t r a i n t s o f t h e f o r m a l l y s y m m e t r y f o r b i d d e n t r a n s i t i o n w h i c h 

c a n t h e n o c c u r . 

2 ) \ g * l B l u 

0 -> 1 E . ^ l g l u 

run 
FIGURE 7.6 UV a b s o r p t i o n s p e c t r u m o f b e n z e n e 
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The e f f e c t s on t h e a b s o r p t i o n s p e c t r u m r e s u l t i n g 

f r o m t h e s u b s t i t u t i o n o f h y d r o g e n f o r f l u o r i n e has been 
2 8 

l a b e l l e d as t h e ' P e r f l u o r o E f f e c t ' . I t s e f f e c t s on t h e 
p h o t o e l e c t r o n s p e c t r o s c o p y o f PFB i n c o m p a r i s o n t o benzene 

2 8 

has been s t u d i e d b y B r u n d l e , R o b i n and K u e b l e r . They 

f o u n d t h a t t h e f l u o r i n a t i o n o f benzene r e s u l t s i n a s h i f t 

o f a r o u n d 0.5eV t o h i g h e r e n e r g i e s i n t h e f i r s t t w o i o n i s -

a t i o n p o t e n t i a l s . 

The s u b s t i t u t i o n o f h y d r o g e n f o r f l u o r i n e atoms 

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

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

a o r b i t a l s much more t h a n t h e TT o r b i t a l s . 
The UV and vacuum UV a b s o r p t i o n s p e c t r a o f f l u o r o -

29 30 

c a r b o n s has been e x a m i n e d by S a n d o r f y et al. ' The s u b ­

s t i t u t i o n f o r f l u o r i n e i n methane and e t h a n e c a u s e s a s h i f t 
2Q 

i n a b s o r p t i o n bands t o h i g h e r f r e q u e n c i e s . I n p e r f l u o r o -
^ 1 CWl 

b e n z e n e , t h e X A, -> B B, TT->-TT* t r a n s i t i o n o f benzene i s 
l g l u 

s h i f t e d s l i g h t l y t o h i g h e r f r e q u e n c i e s w h i l s t t h e X*̂ Â  ->&^E^u 

t r a n s i t i o n i s s h i f t e d t o l o w e r f r e q u e n c i e s . ^ 0 The i n f l u e n c e 

on t h e a+a* t r a n s i t i o n upon p e r f l u o r i n a t i o n o f benzene i s 
31 

s t r o n g e r , as w i t h t h e p a r a f f i n s , f l u o r i n e s u b s t i t u t i o n 
s t a b i l i s e s t h e a l e v e l s and s h i f t s t h e o+o* bands t o h i g h e r „„„ 30 f r e q u e n c i e s i n PFB. 

The f i r s t R y d b e r g bands o f p e r f l u o r o b e n z e n e p o s s i b l y 

b e g i n t o a p p e a r i n t h e h i g h e n e r g y r e g i o n o f a r o u n d 140nm."*° 

The l o n e p a i r o f e l e c t r o n s i n t h e f l u o r i n e atoms have 

i o n i z a t i o n p o t e n t i a l s o f ^16-17eV and t h e i r e l e c t r o n i c t r a n ­

s i t i o n s a r e e x p e c t e d t o a p p e a r a t w a v e l e n g t h s s h o r t e r t h a n 
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120nm and w o u l d t h u s n o t be e x p e c t e d t o c o n t r i b u t e t o 

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

w a v e l e n g t h s l o n g e r t h a n 130nm. 

I I I . P e r f l u o r o b e n z e n e (PFB) 

(a) M e r c u r y / X e n o n P h o t o p o l y m e r i z a t i o n 

A one h o u r i r r a d i a t i o n o f PFB v a p o u r was n o t s u c c e s s f u l 

i n p r o d u c i n g a p o l y m e r , so t h e e x p o s u r e t i m e was l e n g t h e n e d 

t o s i x h o u r s w h i c h s t i l l d i d n o t c a u s e p o l y m e r f o r m a t i o n t o 

o c c u r on t h e a l u m i n i u m s u b s t r a t e . As t h e maximum e n e r g y 

a v a i l a b l e f r o m i r r a d i a t i n g PFB w i t h t h e m e r c u r y a r c lamp i s 

^6.2eV, i.e. w a v e l e n g t h s g r e a t e r t h a n 200nm, t h e i m p o r t a n c e 

o f t h e t r a n s i t i o n s a t ^254 and ^204nm c a n be d i s c o u n t e d as 

b e i n g o f any r e a l r e l e v a n c e i n t h e p h o t o p o l y m e r i z a t i o n o f 

p e r f l u o r o b e n z e n e . 

(b) Vacuum UV P h o t o p o l y m e r i z a t i o n 

P e r f l u o r o b e n z e n e v a p o u r was t h e n i r r a d i a t e d w i t h t h e 

e l e c t r o m a g n e t i c o u t p u t f r o m an A r g o n p l a s m a . I n t h i s i n ­

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

p h o t o p o l y m e r i z a t i o n o f PFB had o c c u r r e d u s i n g w a v e l e n g t h s 

b e t w e e n ^130 t o ^200 n m , i . e . ^8.3 t o ^6.2eV. 

P h o t o p o l y m e r i z a t i o n o f PFB u s i n g vacuum UV i r r a d i a t i o n 

was n o t u n e x p e c t e d . The p h o t o l y s i s o f h e x a f l u o r o b e n z e n e a t 

185nm has b e e n p r e v i o u s l y e x a m i n e d and p o l y m e r f o r m a t i o n r e -
32 

p o r t e d as one o f t h e p r o d u c t s . 

The vacuum UV e m i s s i o n f r o m an i n d u c t i v e l y c o u p l e d RF 
33 

p l a s m a i n A r g o n has been p r e v i o u s l y r e p o r t e d . The most 

i n t e n s e p o r t i o n o f t h e o b s e r v e d o u t p u t i s a s s o c i a t e d p r e d o m i n -
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a n t l y w i t h t h e A r ( I ) r e s o n a n c e l i n e s a t 104.8 and 106.7nm 

r e s p e c t i v e l y b e i n g some two o r d e r s o f m a g n i t u d e more i n t e n s e 

t h a n t h e A r ( I I ) l i n e s a t 93.2 and 92.0nm. A l t h o u g h t h e r e 

i s s t i l l a s i g n i f i c a n t o u t p u t i n t h e U V / v i s i b l e f r o m t h e 

p l a s m a , t h e i n t e n s i t y i s g e n e r a l l y two o r d e r s o f m a g n i t u d e 
33 

o r so l o w e r t h a n f o r t h e vacuum-UV components and s i n c e 

t h e c a l c i u m f l u o r i d e window e m p l o y e d i n t h e s e e x p e r i m e n t s has 

a w a v e l e n g t h c u t - o f f a t 130nm, t h e r e s o n a n c e e m i s s i o n l i n e s 

w i l l n o t c o n t r i b u t e t o s u r f a c e p h o t o p o l y m e r i z a t i o n . However, 

e m i s s i o n l i n e s f r o m a r g o n a l s o o c c u r b e t w e e n 150 and 200nm 

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

a b l e o f 8.3eV. T h i s i s n o t enough e n e r g y t o f o r m a p e r -

f l u o r o b e n z e n e r a d i c a l c a t i o n , t h e f i r s t i o n i z a t i o n p o t e n t i a l 
34 

o f PFB i s a t 9.97eV. T h e r e f o r e t h e i o n i z e d s t a t e o f PFB 

c a n n o t p l a y an i m p o r t a n t r o l e i n vacuum UV p h o t o p o l y m e r i z a t i o n . 
ESCA A n a l y s i s 

The C, , F, and 0, c o r e l e v e l s p e c t r a o f t h e f i l m s I s I s I s * 
d e r i v e d f r o m PFB i r r a d i a t e d w i t h w a v e l e n g t h s b e l o w 200nm a r e 

shown i n F i g u r e 7.7. The a b s e n c e o f a s i g n a l f r o m a l u m i n i u m 

i n d i c a t e s t h a t t h e f i l m t h i c k n e s s i s g r e a t e r t h a n 70&. These 

c o r e l e v e l s p e c t r a a r e n o t u n l i k e t h o s e p r o d u c e d by t h e p l a s m a 

p o l y m e r i z a t i o n o f p e r f l u o r o b e n z e n e . The F^ s c o r e l e v e l has 

a m a i n p h o t o i o n i z a t i o n peak a t 689.5eV and i s a c c o m p a n i e d 

b y a s m a l l s h a k e - u p s a t e l l i t e t o h i g h e r b i n d i n g e n e r g i e s . 

T h i s peak a t 697.5eV i s d i a g n o s t i c o f t h e p r e s e n c e o f u n -
35 

s a t u r a t i o n i n t h e p o l y m e r n e t w o r k and i s due t o f l u o r i n e s 

w h i c h a r e bound t o u n s a t u r a t e d c a r b o n s . T h i s u n s a t u r a t i o n 

i s a l s o shown i n t h e C, c o r e l e v e l . 
I s 

f 
A r ( I ) l i n e s r e s u l t f r o m t r a n s i t i o n s o f t h e n e u t r a l a t o m s . 
A r ( I I ) l i n e s r e s u l t f r o m t r a n s i t i o n s o f t h e s i n g l y 

i o n i z e d s t a t e . 
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FIGURE 7.7 Core l e v e l s p e c t r a f o r Vacuum UV p h o t o -
p o l y m e r i z e d PFB 

As w i t h t h e plasma p o l y m e r , t h e r e i s a s m a l l s i g n a l 

f r o m t h e 0^ s c o r e l e v e l , i n d i c a t i n g t h e p r e s e n c e o f a p p r o x ­

i m a t e l y t h r e e oxygen atoms t o e v e r y lOO c a r b o n atoms. T h i s 

' c o n t a m i n a t i o n ' i s most l i k e l y t o a r i s e f r o m s m a l l l e a k s 

w i t h i n t h e vacuum l i n e , and by s u b s e q u e n t e x p o s u r e o f t h e 

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

Peak f i t t i n g o f t h e e n v e l o p e i n d i c a t e s c o n t r i b u t i o n s 

a r i s i n g f r o m C-H, C-CF, C-F, CF-CF n < CF 2, CF 3 and T T + T T * s h a k e -

up s a t e l l i t e s . The h y d r o c a r b o n r e s u l t s f r o m e x t r a n e o u s 

c o n t a m i n a t i o n as shown by t h e l e v e l u s i n g a 70° e l e c t r o n 

t a k e - o f f a n g l e , a l l o w i n g f o r t h i s t h e F:C a t o m i c r a t i o i s 

0 . 9 1 : 1 , i.e. v e r y c l o s e t o t h a t o f t h e s t a r t i n g m a t e r i a l . 
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I t i s a l s o v e r y s i m i l a r t o t h e a t o m i c r a t i o p r o d u c e d by 

t h e p l a s m a p o l y m e r i z a t i o n o f p e r f l u o r o b e n z e n e . F i g u r e 7.8 

g i v e s t h e component peak f i t s o f t h e C^_ e n v e l o p e s p r o d u c e d 

by p l a s m a p o l y m e r i z a t i o n and by vacuum UV i r r a d i a t i o n . T a b l e 

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

o f t h e s e peaks ( c o r r e c t e d f o r t h e h y d r o c a r b o n c o n t a m i n a t i o n ) , 

and t h e i r b i n d i n g e n e r g i e s . 

TABLE 7.2 A c o m p a r i s o n o f t h e component a n a l y s i s o f t h e C 
e n v e l o p e ; Plasma p o l y m e r i z a t i o n versus vacuum UV 
p o l y m e r i z a t i o n 

Peak P e r c e n t a ge C o n t r i b u t i o n B i n d i n g E n e r g y 
S h i f t s (eV) f r o m 
t h e h y d r o c a r b o n 

a t 285.OeV 

Peak 
Plasma 
P o l y m e r 

Vacuum UV 
P o l y m e r 

B i n d i n g E n e r g y 
S h i f t s (eV) f r o m 
t h e h y d r o c a r b o n 

a t 285.OeV 

C-CF 26 24 1.7 

CF 49 56 3.6 3 + 4.7 

CF 2 15 15 6.6 

CF 3 8 3 8.2 

7T->7T * 2 2 11.0 

I t c a n be seen f r o m c o m p a r i s o n o f t h e ESCA d a t a i n 

F i g u r e 7.8 and T a b l e 7.2 t h a t t h e p o l y m e r s d e r i v e d f r o m 

p e r f l u o r o b e n z e n e , by i r r a d i a t i o n w i t h vacuum UV and by 

p l a s m a , r e v e a l some r e m a r k a b l e s i m i l a r i t i e s . A l t h o u g h 

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

t h e C^ s component peaks - t h e m o s t n o t i c e a b l e i s a r e d u c t i o n 

i n t h e number o f CF^ f u n c t i o n a l i t i e s i n t h e vacuum UV p h o t o -

p o l y m e r - t h e t y p e o f e n v i r o n m e n t s as d e t e c t e d by ESCA i s 

t h e same. So t o o , a r e , w i t h i n e x p e r i m e n t a l e r r o r , t h e b i n d ­

i n g e n e r g y s h i f t s w i t h i n t h e c a r b o n I s c o r e l e v e l . 
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PLASMA POLYMERISED 

VACUUM-UV PHOTOPOLYMERISED 

i 

FIGURE 7.8 Component peak f i t of the C^ g e n v e l o p e f o r 
plasma p o l y m e r i z e d and VUV photopolymerTzed PFB 

F u r t h e r , s i n c e t h e f l u o r i n e t o c a r b o n s t o i c h i o m e t r y 

i n b oth o f t h e s e polymer f i l m s i s c l o s e t o u n i t y , t h e mechan­

i s t i c pathway w h i c h r e s u l t s i n polymer f o r m a t i o n i n both 

c a s e s i n v o l v e s t h e r e t e n t i o n o f t h e monomer a t o m i c r a t i o , i.e. 

e l i m i n a t i o n of f l u o r i n e w h i c h i s o b s e r v e d i n t h e plasma p o l y • 

m e r i z a t i o n of t h e lower f l u o r i n a t e d a r o m a t i c m o l e c u l e s does 

n o t o c c u r . 

The s i m i l a r i t y of t he C^ s e n v e l o p e s f o r t h e photopolymer 

and plasma polymer, e.g. t h e p r e s e n c e of and CF^ e n v i r o n ­

ments s t r o n g l y s u g g e s t s t h a t t h e r e a c t i o n s o f p e r f l u o r o b e n z e n e 

i n b o t h c a s e s f o l l o w s i m i l a r pathways. As a l r e a d y mentioned 
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e a r l i e r , t h e e n e r g y a v a i l a b l e f o r p h o t o p o l y m e r i z a t i o n i s 
34 

l e s s t h a n t h a t r e q u i r e d f o r p h o t o i o n i s a t i o n . C o n s e q u e n t l y 

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

v o l v i n g e l e c t r o n i c a l l y e x c i t e d s t a t e s o f p e r f l u o r o b e n z e n e . 

E l e c t r o n i m p a c t e x c i t a t i o n o f p e r f l u o r o b e n z e n e i n t h e p l a s ma 

t o t h e same e x c i t e d s t a t e s c o u l d l e a d t o a s i m i l a r m a t e r i a l 

b e i n g d e p o s i t e d . The o b s e r v e d d i f f e r e n c e s i n t h e C-̂ s e n v e l o p e 

o f t h e two m a t e r i a l s m i g h t a r i s e f r o m v a r i a t i o n s i n t h e f l u x 

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

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

i s i n i t i a t e d b y d i f f e r e n t means has b een d o c u m e n t e d . A l i p ­

h a t i c h y d r o c a r b o n s , f o r e x a m p l e , a r e t r a n s f o r m e d i n t o m i x t ­

u r e s o f p a r a f f i n s , o l e f i n s and a c e t y l e n e s . These p r o d u c t s 
3 

a r e t h e same w h e t h e r f o r m e d by p l a s m a r e a c t i o n s o r by p y r o l y s i s 
S i m i l a r i t i e s a r e a l s o o b s e r v e d b e t w e e n p l a s m a r e a c t i o n s and 

p h o t o c h e m i c a l r e a c t i o n s i n , f o r e x a m p l e , t h e i s o m e r i z a t i o n o f 
3 8 

o l e f i n s , and b e t w e e n t h e b e h a v i o u r o f a s u b s t a n c e i n p l a s m a 
3 8 

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

t h i s i s n o t t o t a l l y u n e x p e c t e d s i n c e b o t h i n v o l v e t h e c o l l i s i o n 

o f an e l e c t r o n as t h e i n i t i a l s t e p . The one b i g d i f f e r e n c e 

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

e l e c t r o n , w h i c h i s a b o u t 70eV i n a mass s p e c t r o m e t e r b u t o n l y 

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

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

vacuum UV i r r a d i a t i o n show s t r o n g s i m i l a r i t i e s , t h e mechanism 

i n t h e p l a s m a l e a d i n g t o p o l y m e r f o r m a t i o n may be u n d e r s t o o d 

by c o n s i d e r i n g t h e vacuum UV p h o t o p o l y m e r i z a t i o n . S i m p l i s t i c -

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

t o assume t h e e x i s t e n c e o f s i m i l a r mechanisms. I f t h i s i s s o , 
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r e a c t i o n s i n v o l v i n g t h e r a d i c a l c a t i o n , a l t h o u g h e s s e n t i a l 

f o r t h e m a i n t e n a n c e o f t h e p l a s m a do n o t need t o be i n v o l v e d 

i n t h e p a t h w a y f o r p o l y m e r b u i l d i n g b l o c k f o r m a t i o n . 

T h i s p o i n t e m p h a s i s e s a f a c t w h i c h has been d i s c u s s e d 

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

t h a t t h e p r e s e n c e o f an e m i s s i o n f r o m a c e r t a i n s p e c i e s does 

n o t i d e n t i f y i t as b e i n g i n v o l v e d i n p o l y m e r f o r m i n g r e ­

a c t i o n s . I n a p e r f l u o r o b e n z e n e p l a s m a t h e peak due t o 

e m i s s i o n f r o m a r a d i c a l c a t i o n i s v e r y p r o m i n e n t i n t h e gas 

phase e m i s s i o n s p e c t r u m ( s e e F i g u r e 2.6) b u t t h e r a d i c a l 

c a t i o n has now been r u l e d o u t as b e i n g d i r e c t l y i m p o r t a n t 

i n any d e p o s i t i o n mechanisms w h i c h o c c u r i n t h e p l a s m a . 

To check w h e t h e r t h e a p p e l l a t i o n o f S u r f a c e P h o t o -
3 

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

when PFB v a p o u r was i r r a d i a t e d w i t h vacuum UV l i g h t , h a l f 

o f t h e c a l c i u m f l u o r i d e w indow was masked w i t h p a p e r . Upon 

e x a m i n a t i o n o f t h e s u b s t r a t e b y ESCA, t h e i r r a d i a t e d p o r t i o n 

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

w i t h a PFB p o l y m e r . However, t h e non i r r a d i a t e d s a mple o f 

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

p e r f l u o r o b e n z e n e . D e p o s i t i o n had t h e r e f o r e o n l y o c c u r r e d 

on t h e i r r a d i a t e d a l u m i n i u m . 
The C, and F. c o r e l e v e l s p e c t r a f o r a d s o r b e d p e r ­l s I s c L 

f l u o r o b e n z e n e on a l u m i n i u m a r e shown i n F i g u r e 7.9. The 

o x y g e n s i g n a l i n t h i s i n s t a n c e i s v e r y l a r g e and i s d o m i n a t e d 

by t h e s i g n a l due t o o x i d e on t h e s u b s t r a t e s u r f a c e . The 

C^ s s i g n a l i s v e r y i n t e n s e and i s due m a i n l y t o t h e h y d r o ­

c a r b o n c o n t a m i n a t i o n on t h e s u b s t r a t e s u r f a c e . The s i g n a l 

due t o t h e a d s o r b e d f l u o r o c a r b o n i s , i n r e l a t i v e t e r m s , much 
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ADSORBED PFB 

x 1 

A 
• — i — 

690 685 290 285 

BINDING ENERGIES / eV 

FIGURE 7.9 C I s and F I s c o r e l e v e l s p e c t r a f o r a d s o r b e d PFB 

l e s s i n t e n s e and i s ' b u r i e d ' i n t h e s h o u l d e r t o h i g h e r 

b i n d i n g e n e r g i e s o f t h e m a i n p h o t o i o n i s a t i o n peak amontjst 

t h e o x i d i s e d h y d r o c a r b o n . I t i s t h e f l u o r i n e F^ s c o r e l e v e l 

w h i c h i s o f most i n t e r e s t . 

t h e i d e n t i f i c a t i o n of two d i f f e r e n t t y p e s o f f l u o r i n e e n v i r o n ­

ment. The main peak, c e n t e r e d a t 686.6eV, i s due to f l u o r i n e 

c o v a l e n t l y bonded t o c a r b o n . The s h o u l d e r to t h i s peak 

s h i f t e d a p p r o x i m a t e l y 2eV t o lower b i n d i n g e n e r g i e s i s thought 

t o be due t o t h e i n t e r a c t i o n of a d s o r b e d p e r f l u o r o b e n z e n e w i t h 

t h e s u b s t r a t e s u r f a c e . I t i s d e f i n i t e l y n o t due t o m e t a l 

f l u o r i d e f o r m a t i o n a s t h i s would be s h i f t e d some 2eV lower 

s t i l l . T h i s has been shown i n t h e work of Goosedge and Cadman 

who s t u d i e d t h e i n t e r a c t i o n o f PTFE w i t h v a r i o u s m e t a l s and 

found t h e peak due t o m e t a l f l u o r i d e was s h i f t e d so much t o 

lower b i n d i n g e n e r g i e s that, t h e F ^ s s p e c t r u m c o n s i s t e d of two 

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

f l u o r i d e . 

A n a l y s i s o f t h e broad e n v e l o p e o f the F I s e n v e l o p e a l l o w s 
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I f t h e amount o f p e r f l u o r o b e n z e n e a d s o r p t i o n f o r m s 

o n l y a m o n o l a y e r c o v e r a g e , as i n d i c a t e d by t h e t h i c k n e s s o f 

t h e a d s o r b e d l a y e r w h i c h i s ^ s S , t h e n t h e i n t e n s i t y o f t h e 

peak a t l o w e r b i n d i n g e n e r g i e s i n r e l a t i o n t o t h a t a t h i g h e r 

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

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

A d s o r p t i o n s t u d i e s o f b e n z e n e i n g r a p h i t i z e d c a r b o n 
40 

b l a c k and b o r o n n i t r i d e have been p r e v i o u s l y r e p o r t e d 

T h e r e t h e benzene m o l e c u l e i s c o n s i d e r e d t o l i e f l a t w i t h 

t h e s u b s t r a t e . I f t h i s was t h e c a s e f o r p e r f l u o r o b e n z e n e 

a d s o r b e d i n t o a l u m i n i u m , a l l s i x f l u o r i n e atoms w o u l d be 

e q u a l l y a f f e c t e d by t h e i n t e r a c t i o n and t h e r e w o u l d o n l y be 

a s i m p l e e n v i r o n m e n t p r e s e n t i n t h e F^ s s p e c t r u m . T h i s 

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

e n e r g i e s has o n l y a t h i r d o f t h e t o t a l a r e a . T h i s i s 

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

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

o f t h e s i x f l u o r i n e s w i l l i n t e r a c t w i t h t h e s u b s t r a t e c a u s i n g 

t h e e l e c t r o n i c e n v i r o n m e n t o f j u s t t w o f l u o r i n e s t o be a f f e c t e d 

t h u s g i v i n g r i s e t o t w o e n v i r o n m e n t s w i t h peak a r e a r a t i o s 

o f 2:1 i n t h e F^ g c o r e l e v e l . 

S t u d i e s on t h e r a t e o f p o l y m e r d e p o s i t i o n b y vacuum UV 

i r r a d i a t i o n w e r e hampered by t w o p r o b l e m s . F i r s t l y , i n f o r m ­

a t i o n a v a i l a b l e f r o m t h e C^ s s p e c t r u m about the amount o f p o l y ­

mer f o r m e d a t l o w i r r a d i a t i o n t i m e s i s v e r y l i m i t e d . T h i s 

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

l a y e r when t h e p o l y m e r f i l m i s l e s s t h a n 'MOA t h i c k . The 

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

t i m e s c a u s e s t h i s t o be l e s s o f a p r o b l e m , s i n c e t h e s i g n a l 
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f r o m t h e f l u o r o c a r b o n w i l l be much more i n t e n s e i n r e l a t i o n 

t o t h a t f r o m t h e h y d r o c a r b o n u n d e r n e a t h . 

A l t h o u g h s t u d i e s o f d e p o s i t i o n k i n e t i c s w e r e c o n c e n ­

t r a t e d m a i n l y o v e r t h e f i r s t 15 m i n u t e s o f i r r a d i a t i o n , when 

t h e a l u m i n i u m s i g n a l was s t i l l i n t e n s e , i t i s n o t i c e a b l e t h a t 

t h e amount o f CF^ and TT + T T * s h a k e - u p s a t e l l i t e component p e a k s 

i n c r e a s e d l i n e a r l y o v e r t h e 6 0 - m i n u t e i r r a d i a t i o n p e r i o d f r o m 

1-2 and 2-3% r e s p e c t i v e l y . O t h e r t r e n d s a r e n o t a t a l l 

a p p a r e n t , t h e C-F component seems t o i n c r e a s e and t h e n d e ­

c r e a s e w h i l s t t h e CF 2 and CF-CF components seem t o d e c r e a s e 

and t h e n i n c r e a s e . 

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

i d e w i n d o w . A f t e r a s e r i e s o f e x p o s u r e s i t was seen t h a t t h e 

' p o l y m e r ' f i l m d e p o s i t e d was no l o n g e r c h a r a c t e r i s t i c o f p e r -

f l u o r o b e n z e n e . The c o r e l e v e l was d o m i n a t e d by a peak 

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

h i g h e r b i n d i n g e n e r g i e s - F i g u r e 7.10. T h i s i s t h o u g h t t o 

POLYMER 

x 1 i 

'FAILED' PH0T0-

290 285 690 685 

BINDING ENERGIES / eV 

FIGURE 7.10 C I s and F I s c o r e l e v e l s p e c t r a f o r VUV i r r a d i a t e d 
PFB i n t h e p r e s e n c e of polymer f i l m on the window 



309 

be a s s o c i a t e d w i t h a r e d u c t i o n i n t h e t r a n s m i s s i o n e f f i c i e n c y 

o f t h e window c a u s e d by a b u i l d up o f p o l y m e r on t h e c a l c i u m 

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

i t i s a p p a r e n t t h a t t h e r e i s more t h a n a m o n o l a y e r c o v e r a g e 

o f f l u o r o c a r b o n , b u t t h e peak t o l o w e r b i n d i n g e n e r g i e s i s 

some r e a c t i o n o f t h e p e r f l u o r o b e n z e n e . T h i s r e s u l t c o u l d be 

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

r e a c h i n g t h e o r g a n i c v a p o u r a n d / o r t h e maximum e n e r g y a v a i l ­

a b l e . When t h e s u r f a c e o f the window i s c o v e r e d b y a d e p o s i t 

t h e amount o f l i g h t b e i n g a b s o r b e d by t h e window i s g r e a t l y 

i n c r e a s e d , and i n i t i a l r e a c t i o n s w i l l be s l o w e d down. I t i s 

more l i k e l y t h a t t h e s h o r t e r w a v e l e n g t h s w i l l be a b s o r b e d 

by t h e f i l m on t h e window. These f a c t s i n d i c a t e t h a t t h e 

C-̂ s s p e c t r u m seen i n F i g u r e 7.10 i s e i t h e r t h e r e s u l t o f t h e 

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

e n e r g y r e q u i r e d f o r p h o t o p o l y m e r i z a t i o n / p l a s m a p o l y m e r i z a t i o n 

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

some o t h e r r e a c t i o n p a t h w a y o f PFB. T h i s p r o b l e m i s n o t r e ­

s o l v e d b y i n c r e a s i n g t h e i r r a d i a t i o n e x p o s u r e t i m e ; w h i l e wave­

l e n g t h s s u f f i c i e n t t o c a u s e p o l y m e r i z a t i o n a r e b e i n g t r a n s ­

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

d e p o s i t e d on t h e wi n d o w t h r o u g h o u t t h e l e n g t h o f t h e e x p e r i m e n t 

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

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

However, t h e i n t e n s i t y o f t h e l o w e r b i n d i n g e n e r g y f l u o r ­

i n e peak was f o u n d t o g i v e some i n d i c a t i o n o f f i l m c o v e r a g e , 

as c a n be se e n f r o m t h e g r a p h o f t h e i n t e n s i t y o f t h i s peak 

t i m e ( F i g u r e 7 . 1 1 ) . The g r a p h f o r m s an e x p o n e n t i a l d e c a y 

c u r v e w i t h t h e i n t e n s i t y o f t h i s peak a t 60 m i n s b e i n g j u s t 

v i s i b l e above t h e b a c k g r o u n d . 
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FIGURE 7.11 I n t e n s i t y of the lower b i n d i n g energy F 
peak w i t h time 

I n t h e work by D.T. C l a r k and M.Z. AbRaham on the 

p l a s m a p o l y m e r i z a t i o n of p e r f l u o r o c a r b o n s , e s p e c i a l l y of 

p e r f l u o r o b e n z e , d e p o s i t e d onto g o l d an asymmetry of t h e F ^ s 

p h o t o i o n i s a t i o n peak was n o t i c e d due t o the p r e s e n c e o f a 

low b i n d i n g e n e r g y peak. An e x p l a n a t i o n f o r t h e o r i g i n of 

t h i s peak was-not, however, g i v e n . I t c o u l d , p e r h a p s , i n 

v i e w o f t h e r e s u l t s j u s t d i s c u s s e d be due t o an i n t e r f a c i a l 

i n t e r a c t i o n o f t h e p e r f l u o r o b e n z e n e w i t h the g o l d s u b s t r a t e . 

( c ) Vacuum UV i r r a d i a t i o n of p e r f l u o r o b e n z e n e / b e n z e n e 

F i g u r e 7.12 d i s p l a y s the r e l e v a n t C l s c o r e l e v e l s p e c t r a 

f o r t h e s u r f a c e photo- and plasma polymers d e r i v e d from a 1:1 

gas phase c o m p o s i t i o n o f p e r f l u o r o b e n z e n e and benzene. The 

C:F a t o m i c r a t i o s of t he copolymers c o r r e s p o n d t o a 1:1 con­

t r i b u t i o n from benzene and p e r f l u o r o b e n z e n e . S i m i l a r r e s u l t s 

h a ve a l s o been o b s e r v e d i n t h e plasma c o p o l y m e r i z a t i o n o f 

C 6 H 6 / C 6 F 6 ' C 1 0 H 8 / C 1 0 F 8 ' C 1 0 H 1 2 / C 1 0 F 1 2 a n d C
6V ( C H 3 ) 4 S n " ^ 
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PLASHA POLYMERISED VACUUM-UV PHOTOPOLYMERISEO 
HOMOPOLYMER HOMOPOLYMER N C<F C,F 

285 290 290 285 295 295 
BE BE 

PLASMA POLYMERISED VACUUM-UV PHOTOPOLYMERISEO 

COPOLYMER COPOLYMER 

C,FWC<H< 1:1 C.F, / C,H 1:1 

295 290 
BE BE 

FIGURE 7.12 C ^ s c o r e l e v e l s p e c t r a f o r pla s m a p o l y m e r s and 
VUV photopolymers d e r i v e d from PFB and a 1:1 
PFB/B m i x t u r e 

A f u l l e r d i s c u s s i o n i s g i v e n i n C h a p t e r s F i v e / S i x w h i c h a r e 

base d on t h e c o p o l y m e r i z a t i o n i n t h e i r own r i g h t . I t i s 

s u f f i c i e n t and p e r t i n e n t t o p o i n t out h e r e , t h a t a s i n plasma 

c o p o l y m e r i z a t i o n , t h e p e r f l u o r o a r o m a t i c does not e x h i b i t t h e 

same de g r e e o f f r a g m e n t a t i o n and r e a r r a n g e m e n t i n t h e C ^ s 

e n v e l o p e . The d e p o s i t e d f i l m a l s o a p p e a r s t o r e t a i n t o a 

g r e a t e r e x t e n t t h e a r o m a t i c f e a t u r e s of t he s t a r t i n g 'monomer', 

as e v i d e n c e d by t h e g r e a t e r i n t e n s i t y o f t h e shake-up s a t e l l ­

i t e s i n both t h e F. and C, c o r e l e v e l s p e c t r u m . 

I s I s 

The main f e a t u r e t o be g a i n e d from t h e s e r e s u l t s i s t h a t 

the c o p o l y m e r s o b t a i n e d by vacuum UV and plasma t e c h n i q u e s a r e 
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e s s e n t i a l l y the same. Thus as i n the c a s e f o r the 'homo-

polymer s ' , the r e a c t i o n s i n v o l v e d i n the f o r m a t i o n of b u i l d i n g 

b l o c k s f o r polymer d e p o s i t i o n i n t h e two methods c o u l d be 

d e r i v e d from the same e x c i t e d s t a t e s . I n one c a s e t h e s e 

a r e formed by the a b s o r p t i o n of vacuum UV and i n t h e o t h e r by 

e l e c t r o n i m p a c t e x c i t a t i o n . 

I t has been s u g g e s t e d t h a t the v a l e n c e i s o m e r s and polymer 

f o r m a t i o n o b s e r v e d i n the vacuum UV p h o t o l y s i s of benzene a r i s e s 

from the decay of t h i r d e x c i t e d s i n g l e t s t a t e of benzene i n t o 

a s u p e r v i b r a t i o n a l l y e x c i t e d ground s t a t e s i n g l e t . I t i s 
12 

from t h i s l a t t e r s t a t e t h a t the p h o t o l y s i s p r o d u c t s a r e formed. 

V i b r a t i o n a l l y e x c i t e d ground e l e c t r o n i c s t a t e s have a l s o been 

proposed i n c o n n e c t i o n w i t h t h e vacuum UV p h o t o l y s i s of o-

x y l e n e . 
S i m i l a r l y , e v i d e n c e has been p r e s e n t e d which has been 

i n t e r p r e t e d as i n d i c a t i v e of an i n t e r m e d i a t e v i b r a t i o n a l l y 
44 

e x c i t e d ground s t a t e of 1 , 4 , 5 - c y c l o h e p t a t r i e n e i n the gas 

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

as t h e p r e s s u r e i s i n c r e a s e d t h e quantum y i e l d of t o l u e n e , 

from ne a r u n i t y a t v e r y low p r e s s u r e s d e c r e a s e d v e r y r a p i d l y 

t o 0.081 a t 2.6mm.Hg. 
Ward and Wishnok ob s e r v e d i n t h e i r s t u d i e s of the gas 

12d 

phase p h o t o l y s i s o f benzene t h a t t h e major p h o t o p r o d u c t s 

a t low p r e s s u r e were f u l v e n e , 1,3-hexadiene-5-yne and polymer 

( u n c h a r a c t e r i s e d ) . They proposed t h a t a l t h o u g h the i n i t i a l 

e x c i t a t i o n was t o h i g h e l e c t r o n i c a l l y e x c i t e d s t a t e s [e.g. S^) 

t h e s e d i d n o t go d i r e c t l y t o p h o t o p r o d u c t s . The quantum 

y i e l d s of p r o d u c t f o r m a t i o n e x h i b i t e d a p r e s s u r e dependence 

w h i c h would not be e x p e c t e d i f t h e s e s t a t e s were d i r e c t l y 
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i n v o l v e d , due t o t h e i r l i f e t i m e s b e i n g too s h o r t t o be a f f e c t e d 

by c o l l i s i o n s . F u r t h e r , due t o t h e v e r y low e m i s s i o n a r i s i n g 

from S, t o S t r a n s i t i o n s , t h e decay of t h e h i g h e r S s t a t e s 1 o n 
d i d not f o l l o w the pathway S but c r o s s e d o v e r to a 

j i. 1 
v i b r a t i o n a l l y e x c i t e d ground e l e c t r o n i c s t a t e of benzene ( S

Q
V ) • 

I t i s from t h i s s t a t e t h a t the pathways f o r t h e p h o t o p r o d u c t s 
12 d 

a r e t h o u g h t t o o c c u r . The f l u o r e s c e n t y i e l d of h e x a f l u o r o -
45 

benzene i s a l s o v e r y s m a l l and t h e r e f o r e a s i m i l a r s i t u a t i o n 

may a l s o be v a l i d f o r p e r f l u o r o b e n z e n e . 

F i g u r e 7.13 d i s p l a y s a g e n e r a l i s e d scheme f o r the e l e c t r o n 

i m p a c t e x c i t a t i o n of benzene or p e r f l u o r o b e n z e n e , and i n c o r -

PRODUCTS S q x - - > [ X ] C 6 PRODUCTS 
( B ) 

J 
k 5 

S o + h V POLYMER FORMING SPECIES 
• FRAGMENTATION PRODUCTS 

FIGURE 7.13 A g e n e r a l i s e d scheme f o r e l e c t r o n i m pact 
e x c i t a t i o n of B o r PFB 
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12 d 

p o r a t e s t h e f e a t u r e s proposed by Ward and Wishnok f o r 

the p h o t o l y s i s of benzene. E l e c t r o n i m p a c t w i t h i n the 

plasma w i l l g i v e r i s e t o l a r g e numbers of m o l e c u l a r e l e c t ­

r o n i c a l l y e x c i t e d s t a t e s below the i o n i s a t i o n p o t e n t i a l 

d i r e c t l y , or by i n t e r n a l c o n v e r s i o n / i n t e r s y s t e m c r o s s i n g . 

The minor r o l e of t h e S pathways i n t h e plasma of a r o m a t i c 
n o 

compounds may be d emonstrated by t h e weak f l u o r e s c e n c e d e cay 
45 

i n t h e p h o t o l y s i s of p e r f l u o r o b e n z e n e , i n the plasma S-̂  

s t a t e s may be formed by d i r e c t e l e c t r o n i m p a c t e x c i t a t i o n . 

The i n c l u s i o n of C-6 p r o d u c t s A a l l o w s f o r t h e v a l e n c e i s o m e r s 

t h a t a r i s e from t h e S-̂  and S 2 s t a t e s . T h e s e s t a t e s do n o t 

d i r e c t l y c o n t r i b u t e t o the f o r m a t i o n of s t a t e s l e a d i n g t o C-6 

p r o d u c t s B and the polymer forming s p e c i e s . E v i d e n c e f o r 

t h i s a r i s e s from t h e l a c k of photopolymer f o r m a t i o n d u r i n g 

i r r a d i a t i o n s a t A.>200nm. The e x a c t n a t u r e of t h e i n t e r m e d i a t e 

X i s a t p r e s e n t unknown. However, i t s e x i s t e n c e , p o s t u l a t e d 
12 d 

by Ward and Wishnok, i s i n d i c a t e d by t h e p r e s s u r e i n d e ­

pendence o f C-6 p r o d u c t s B versus polymer f o r m a t i o n . 
C o n f i r m a t o r y e v i d e n c e on t h e e x i s t e n c e of v i b r a t i o n a l l y 

h i g h l y e x c i t e d ground s t a t e p e r f l u o r o b e n z e n e m o l e c u l e s , PFB*, 
46 47 

i s found i n t h e work o f K. Y o s h i h a r a et al ' . They found 

t h a t PFB, on e x c i t a t i o n w i t h a 19 3nm l a s e r beam, r a p i d l y c o n ­

v e r t e d from t h e l e v e l t o t h e ground e l e c t r o n i c s t a t e by 
46 

i n t e r n a l c o n v e r s i o n . The l i f e t i m e of t h i s s t a t e was v e r y 

dependent on the p r e s s u r e of i n e r t gas added to t h e s y s t e m . 

At 2 t o r r p r e s s u r e o f PFB vapour, PFB* had a l i f e t i m e of m i c r o 

seconds, w h i l s t an a d d i t i o n o f 20 t o r r of N 2 c o l l i s i o n a l de­

a c t i v a t i o n o f PFB* r e s u l t e d i n a l i f e t i m e o f nanoseconds. 

Work on benzene by the same a u t h o r s has a l s o shown t h e p r e s e n c e 

of v i b r a t i o n a l l y h i g h l y e x c i t e d ground s t a t e benzene m o l e c u l e s 
47 

f o l l o w i n g l a s e r e x c i t a t i o n . 
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7 . 4 C o n c l u s i o n 

A n a l y s i s by ESCA and SIMS of t h e polymer f i l m s d e r i v e d 

from N v i n y l p y r r o l i d o n e vapour by both photo i r r a d i a t i o n 

and plasma p o l y m e r i z a t i o n i n d i c a t e t h a t two d i s t i n c t t y p e s 

of polymer c o m p o s i t i o n a r e formed. Both c l o s e l y r e t a i n the 

s t o i c h i o m e t r y of t h e s t a r t i n g monomer, i.e. C^:NQ ^ 3 ; 0 Q 

cf. c i : N o . l 6 : 0 0 . 1 6 " 

U s i n g a high f l o w r a t e o f N v i n y l p y r r o l i d o n e , a f i l m 

whose s u r f a c e c o m p o s i t i o n g i v e s t h e polymer a v e r y h i g h s u r ­

f a c e energy ( w i t h a c o n t a c t a n g l e of <5°) i s produced i r r e s ­

p e c t i v e o f t h e method of p o l y m e r i z a t i o n , i.e. plasma p o l y ­

m e r i z a t i o n , or vacuum UV i r r a d i a t i o n . 

At a l o w e r f l o w r a t e vacuum UV i r r a d i a t i o n or plasma 

p o l y m e r i z a t i o n p r o d u c e s a f i l m whose c o m p o s i t i o n bestows the 

polymer w i t h a lower s u r f a c e e n e r g y ( w i t h a c o n t a c t a n g l e of 

^ 5 0 ° ) . An e x c e p t i o n , however, i s t he h i g h f l o w r a t e polymer 

produced by UV i r r a d i a t i o n w h i c h more s t r o n g l y r e s e m b l e s 

t h e l a t t e r polymer t y p e . T h i s i s b e l i e v e d t o be e x p l a i n e d 
W / 

by /FM c o n s i d e r a t i o n s . 

Only vacuum UV i r r a d i a t i o n i s e f f e c t i v e i n p r o d u c i n g a 

photopolymer of p e r f l u o r o b e n z e n e . ESCA a n a l y s i s of t h e 

f i l m s formed by vacuum UV i r r a d i a t i o n and plasma p o l y m e r i z a t i o n 

of p e r f l u o r o b e n z e n e and a 1:1 p e r f l u o r o b e n z e n e / b e n z e n e m i x t u r e 

r e v e a l t h a t t h e y a r e v e r y s i m i l a r i n c o m p o s i t i o n ; both con­

t a i n i n g f u n c t i o n a l groups not o r i g i n a l l y p r e s e n t i n t he monomer, 

and both r e t a i n t h e C:F s t o i c h i o m e t r y o f t h e p a r e n t compound. 

T h i s s u g g e s t s t h a t f o r plasma p o l y m e r i z a t i o n , polymer 

fo r m i n g s p e c i e s a r i s e from e l e c t r o n i c a l l y e x c i t e d s t a t e s c a u s e d 



m a i n l y by e l e c t r o n impact of e l e c t r o n s whose energy i s i n 

the 6-8eV r a n g e . T h i s i n d i c a t e s t h a t f o r p e r f l u o r o b e n z e n e 

r a d i c a l c a t i o n formation,- a l t h o u g h e s s e n t i a l f o r plasma 

maintenance and c o l o u r , i s not i n v o l v e d d i r e c t l y i n polymer 

f o r m a t i o n w i t h i n a plasma. 

I n c o n c l u s i o n i t would appear c e r t a i n l y f o r p e r f l u o r o -

benzene and N v i n y l p y r r o l i d o n e t h a t plasma p o l y m e r i z a t i o n 

and vacuum UV p h o t o p o l y m e r i z a t i o n a r e v e r y s i m i l a r i n t h e i r 

m e c h a n i s t i c a s p e c t s . I o n i z a t i o n does n o t need t o be i n ­

voked i n t h e mechanism of polymer f o r m a t i o n w i t h i n a plasma, 

r a t h e r , t h e p h o t o c h e m i s t r y of the monomer s h o u l d be c o n s i d e r 
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APPENDIX TWO 

The s e n s i t i v i t y f a c t o r of X, r e l a t i v e t o carbon C, 

can be c a l c u l a t e d from t h e f o r m u l a : 
* J S o KE X _ x x 

C " °c* KE 1 - 5 

c 
where 

o* i s t h e c o r r e c t e d p h o t o i o n i s a t i o n c r o s s s e c t i o n and 

KE i s t h e k i n e t i c energy of t h e p h o t o e l e c t r o n . 

a* can be c a l c u l a t e d from 

* o ,, 8,3 2a 1 
0 = 4^ ( 1 " 2 (2 C O S 9 " 2] 

o = p h o t o i o n i s a t i o n c r o s s s e c t i o n 

3 = an asymmetry parameter of t h e c o r e l e v e l 

8 = the an g l e between photon s o u r c e and a n a l y s e r 

Both o and 8 have t a b u l a t e d v a l u e s w h i c h c a n be found 

i n J . E l e c t r o n . S p e c . R e l a t e d Phenom., 8, 129 (1976) 

ibid 8, 389 ( 1 9 7 6 ) . 

The s e n s i t i v i t y f a c t o r s used i n t h i s t h e s i s a r e : 

C , e F l s x 0.52 & S i 2 p x ° - 9 7 6 n g 4 f X ° " 1 6 

C e ° l s X 0 , 5 5 C G e 3 d X C ' 5 2 

e N n x 0.76 C S n 0 , x O . l i I s 3d 

e= EXPERIMENTAL c = CALC^JATED 
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