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Polyfluoroalkyi  esters  and  their  preparation  and  use. 

Compounds  having  the  formula: 

wherein 
R1  is  a  saturated,  monovalent,  non-aromatic  fluorinated 

aliphatic  which  is  straight  or  branched  chain  or  cyclic  and 
contains  at  least  3  carbons; 

R'  is  optionally  substituted  alkyl,  aryl,  aralkyl,  cy- 
cloalkyl,  or  cycloalkenyl;  and 

n  is  a  number  from  1  to  4. 
Process  for  preparing  compounds  (I): 

The  reaction  can  be  carried  out  by  melting  the  iodine- 
substituted  polyfluoroalkyl  ester  and  contacting  the  molten 

ester  with  chlorine,  or  the  iodine-substituted  polyfluoroalkyl 
ester  can  be  suspended  or  dissolved  in  a  suitable  liquid  and 
reacted  with  chlorine.  A  suitable  liquid  is  inert  under  the 
reaction  conditions;  e.g.  alcohols  or  water  should  be 
avoided.  Compounds  wherein  R'  is  alkenyl  can  also  be 
prepared  by  the  above-described  process.  Process  of  using 
compounds  (I)  to  treat  (a)  textile  materials  so  as  to  give  them 
dry  soil  resistance  and  oil  and  water  repellency,  and  (b) 
paper  so  as  to  make  it  repel  water  and  oil. 



BACKGROUND  OF  THE  INVENTION 

F i e l d   of   t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to   c h l o r o m e t h y l - s u b s t i t u t e d  

p o l y f l u o r o a l k y l   e s t e r s   of  p o l y b a s i c   a c i d s   and  t h e i r  

u s e   in   t r e a t i n g   a  v a r i e t y   of   s u b s t r a t e s ,   s u c h   as  t e x -  

t i l e   f a b r i c s   and  p a p e r ,   so  as  t o   p r o v i d e   t h e   s u b -  

s t r a t e   w i t h   s o i l   r e s i s t a n c e   as  w e l l   as  w a t e r   and  o i l  

r e p e l l e n c y .   I t   r e l a t e s   f u r t h e r   to   a  p r o c e s s   f o r   p r e -  

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

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

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

e s t e r s   a r e   in   t h e   m o l t e n   s t a t e   or  d i s s o l v e d   or   s u s p e n d e d  
in  an  i n e r t   l i q u i d .  

D e s c r i p t i o n   of   t h e   P r i o r   A r t  

In   r e c e n t   y e a r s ,   p o l y m e r s   and  o t h e r   c o m p o u n d s   c o n -  

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

w i d e l y   f o r   i m p a r t i n g   d r y   s o i l   r e s i s t a n c e   as  w e l l   as  o i l  
and  w a t e r   r e p e l l e n c y   t o   t e x t i l e   s u b s t r a t e s .   A  d e g r e e  

of  r e s i s t a n c e   t o   d r y ,   t r a f f i c - c a u s e d   s o i l i n g   in   c a r p e t s  

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

a m i d e s ,   p o l y a c r y l i c s )   i s   s a i d   t o   be  p r o v i d e d   by  f l u o r o -  

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

a c r y l a t e s   and   m e t h a c r y l a t e s .   B e c a u s e   s u c h   c o a t e d  

f i b e r s   may  s u p p o r t   t h e   a d v a n c e   of   a  f l a m e . m o r e   r e a d i l y  

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

p o l y c a r b o x y l i c   a c i d   e s t e r s   h a v e   b e e n   u s e d   to   p r o v i d e   d r y  

s o i l   r e s i s t a n c e   and  r e s i s t a n c e   to   b u r n i n g ;   U . S .   P a t e n t s  

3 , 9 2 3 , 7 1 5   and  4 , 0 2 9 , 5 8 5 .  

U . S .   P a t e n t   3 , 7 1 6 , 4 0 1   d i s c l o s e s   and  c l a i m s   a  

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

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

v i n y l   p o l y m e r   d i s s o l v e d   in   a  v o l a t i l e   s o l v e n t   and  a n  

e s t e r   d e r i v e d   f r o m   p e r f l u o r o e t h a n o l   and  a  mono-   or  p o l y -  

c a r b o x y l i c   a c i d .  



U.S .   P a t e n t   3 , 1 4 5 , 2 2 2   d i s c l o s e s   and  c l a i m s   c o m -  

p o u n d s   h a v i n g   t h e   f o r m u l a   Y ( C n F 2 n ) Q   w h e r e i n   Y  i s  

h y d r o g e n ,   f l u o r i n e ,   c h l o r i n e   or   b r o m i n e ;   n  i s   1 - 2 0 ,  

q  i s   -CH2CHI02CR;   - C H 2 C H I ( C H 2 ) m O ( C H 2 ) 2 C O 2 H ;  

-CH=CH(CH2)mO(CH2)2CO2H;   - C H 2 C H 2 ( C H 2 ) m O ( C H 2 ) 2 C O 2 H ;  
or  -CH=CI(CH2)mCO2H;   R  i s   l o w e r   a l k y l ;   and  m  i s   0 - 1 4 .  

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

c o n t e m p l a t e   s u c h   a  c o m p o u n d ,   t h a t   p a t e n t   a l s o   d i s c l o s e s  
t h e   c o m p o u n d ,   C3F7CH2CHICH2O2CCH3,  and  i n d i c a t e s   i t  

may  be  h y d r o l y z e d   and  t r e a t e d   w i t h   a l k a l i   to   g i v e   a  

p o l y f l u o r o e p o x y   p o l y m e r   i n t e r m e d i a t e .  

U . S .   P a t e n t   4 , 0 3 4 , 0 2 2   d i s c l o s e s   i s o m e r s   h a v i n g  
t h e   f o r m u l a :  

w h e r e i n   C n F 2 n + l   i s   a  p e r f l u o r i n a t e d   a l i p h a t i c   c h a i n ,   n  
i s   an  i n t e g e r   f r o m   2  to   18,   X  and  Y  a r e   t h e   same  o r  
d i f f e r e n t   and  a r e   e a c h   a  h a l o g e n   a t o m ,   a  h y d r o x y l  

r a d i c a l ,   t h e   g r o u p   OM  in   w h i c h   M  i s   a  m e t a l l i c   e q u i v a l e n t  

or   a n   a l k o x y ,   c h l o r o a l k o x y ,   h y d r o x y p o l y a l k y l e n e o x y ,  

a r y l o x y   or   -NZZ'   g r o u p   in   w h i c h   Z  and  Z'  a r e   t h e   same  o r  
d i f f e r e n t   and  a r e   e a c h   a  h y d r o g e n   a tom  o r  a n   a l k y l ,  

c y c l o a l k y l   or  a r y l   g r o u p .   I t   i s   s t a t e d   t h e   c o m p o u n d s  a r e  
l i a b l e   to   f i n d   u s e   as  e m u l s i f y i n g   or   f o a m i n g   a g e n t s ,  

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

and  o x i d a n t s   i s   n e e d e d ,   as  l e v e l i n g   or  a n t i - s t a i n   a g e n t s  
f o r   p o l i s h e s   or   e m u l s i o n   p a i n t s ,   as  c o r r o s i o n   i n h i b i t o r s ,  

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

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



SUMMARY  OF  THE  INVENTION 

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

f o r m u l a :  

w h e r e i n  

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

l e a s t   3  c a r b o n s ;  
R   i s   o p t i o n a l l y   s u b s t i t u t e d   a l k y l ,   a r y l ,   a l k e n y l ,  

a r a l k y l ,   c y c l o a l k y l ,   or   c y c l o a l k e n y l ;   a n d  

n  i s   a  n u m b e r   f rom  1  to   4,  p r e f e r a b l y   2  to   4 .  

I t   r e l a t e s   a l s o   to   a  m e t h o d   f o r   p r e p a r i n g   t h e   c o m p o u n d s  
of  t h i s   i n v e n t i o n ,   and  to   a  p r o c e s s   of  u s i n g   c o m p o u n d s  
of  t h i s   i n v e n t i o n   t o   t r e a t   t e x t i l e   m a t e r i a l s   so  as  t o  

g i v e   them  d ry   s o i l   r e s i s t a n c e   and  o i l   and  w a t e r   r e -  

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

p r o c e s s   f o r   t h e   t r e a t m e n t   o f  p a p e r   so  as  to   make  i t  

r e p e l   w a t e r   and  o i l .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

Rf  i s   a  s a t u r a t e d ,   m o n o v a l e n t ,   n o n - a r o m a t i c ,   a l i -  

p h a t i c   r a d i c a l .   The  c h a i n   may  be  s t r a i g h t ,   b r a n c h e d  

or  c y c l i c ,   and  may  be  i n t e r r u p t e d   by  d i v a l e n t   o x y g e n  
a t o m s   or   t r i v a l e n t   n i t r o g e n   a t o m s   b o n d e d   o n l y   to   c a r -  

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

h y d r o g e n   or  c h l o r i n e   a t o m s   may  be  p r e s e n t   as  s u b -  

s t i t u t e n t s   in   t h e   f l u o r i n a t e d   a l i p h a t i c   r a d i c a l   p r o -  
v i d e d   t h a t   n o t   more  t h a n   one  a tom  of  e i t h e r   i s   p r e s e n t  

in   t h e   r a d i c a l   f o r   e v e r y   two  c a r b o n   a t o m s ,   and  t h a t   t h e  

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

g r o u p .   In  a  p r e f e r r e d   e m b o d i m e n t ,   t h e   f l u o r i n a t e d   a l i -  

p h a t i c   r a d i c a l   c o n t a i n s   n o t   more   t h a n   20  c a r b o n   a t o m s  

b e c a u s e   s u c h   a  l a r g e   r a d i c a l   r e s u l t s   in  i n e f f i c i e n t   u s e  

of  t h e   f l u o r i n e   c o n t e n t .   In  a  more   p r e f e r r e d   e m b o d i -  

m e n t ,   Rf  i s   a  p e r f l u o r o a l k y l   c o n t a i n i n g   3  to   20  c a r b o n s .  



The  c o m p o u n d s   of  t h i s   i n v e n t i o n   can   be  p r e p a r e d   b y  

t h e   r e a c t i o n   s e t   f o r t h   i n   t h e   f o l l o w i n g   e q u a t i o n :  

W h i l e   m o s t   o f   t h e   i o d i n e   w i l l   be  p r e s e n t   in   t h e   u l -  

t i m a t e   r e a c t i o n   m i x t u r e   as  I C 1 ,  s o m e   e l e m e n t a l   i o d i n e  w i l l  

be  p r e s e n t .   Moreover  sane  IC13  may  be  p r e s e n t .   The  i od ine   s u b -  

s t i t u t e d   p o l y f l u o r o a l k y l   e s t e r   s t a r t i n g   m a t e r i a l   for   the  p r e p a r a -  
t i o n   of  t h e   c o m p o u n d s   of  t h i s   i n v e n t i o n   can   be  p r e p a r e d  

by  t h e   r e a c t i o n   s e t   f o r t h   in   t h e   f o l l o w i n g   e q u a t i o n :  

A  w i d e   v a r i e t y   of  a l l y l   e s t e r s   c an   be  u s e d   a c c o r d -  

i n g   t o - t h i s   i n v e n t i o n .   In  a  p r e f e r r e d   e m b o d i m e n t ,   R 1  

i s   a l k y l ,   a r y l ,   a r a l k y l   or  c y c l o a l k y l .   T h u s ,   f o r   e x -  

a m p l e ,   R1  can   be  t h e   r e s i d u e   r e m a i n i n g   a f t e r   e s t e r i f i c a -  

t i o n   of  c i t r i c ,   p h t h a l i c   (o,  m  or   p  i s o m e r ) ,   b e n z o i c ,  

s u c c i n i c ,   c h l o r e n d i c ,   b e n z e n e   p o l y c a r b o x y l i c   a c i d s ,  

s u c h   as  t r i m e l l i t i c ,   p y r o m e l l i t i c   and  t h e   l i k e .  

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

a l k y l   e s t e r   w i t h   c h l o r i n e   can   be  c a r r i e d   o u t   by  m e l t i n g  
t h e   i o d i n e - s u b s t i t u t e d   p o l y f l u o r o a l k y l   e s t e r   and  c o n -  

t a c t i n g   t h e   m o l t e n   e s t e r   w i t h   c h l o r i n e ,   or   t h e   i o d i n e -  

s u b s t i t u t e d   p o l y f l u o r o a l k y l   e s t e r   c an   be  s u s p e n d e d   o r  
d i s s o l v e d   i n   a  s u i t a b l e   l i q u i d   and  r e a c t e d   w i t h  

c h l o r i n e .   A  s u i t a b l e   l i q u i d   i s   i n e r t   u n d e r   t h e  

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

a v o i d e d   s i n c e   t h e y   w o u l d   be  e x p e c t e d   to   r e a c t .   P r e -  

f e r r e d   l i q u i d s   i n c l u d e   1 , 1 , 2 - t r i c h l o r o - 1 , 2 , 2 - t r i f l u o r o -  

e t h a n e ,   1 , 1 , 1 , 2 - t e t r a c h l o r o - 2 , 2 - d i f l u o r o e t h a n e   a n d  

t e t r a c h l o r o m e t h a n e .   I t   i s   p o s s i b l e   a l s o   to   u s e   c h l o r o -  

f o r m .   A l l   s u c h   h a l o c a r b o n s   f u n c t i o n   as  s o l v e n t s   f o r  

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

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

med ium  be  a  s o l v e n t   f o r   t h a t   e s t e r ,   i t   i s   p r e f e r r e d  



t h a t   t h e   e s t e r   be  a t   l e a s t   p a r t i a l l y   s o l u b l e   in   t h e  

l i q u i d   m e d i u m .  

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

a l k y l   e s t e r   w i t h   c h l o r i n e   i s   m i l d l y   e x o t h e r m i c ,   b e i n g  

s o m e w h a t   more   e x o t h e r m i c   a t   t h e   s t a r t   of  t h e   r e a c t i o n  

t h a n   a t   a  p o i n t   n e a r   i t s   c o m p l e t i o n .   When  a  s o l v e n t  

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

of  p r o v i d e s   e f f e c t i v e   c o n t r o l   of  t h e   e x o t h e r m .   T h e  

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

c r i t i c a l   n o r   i s   p r e s s u r e .   One  can   r u n   t h e   r e a c t i o n  

a t   a  t e m p e r a t u r e   b e t w e e n   0°C  and  t h e   m e l t i n g   p o i n t   o f  

t h e   i o d i n e - s u b s t i t u t e d   p o l y f l u o r o a l k y l   e s t e r .   U s u a l l y ,  

t h e   r e a c t i o n   i s   r u n   a t   a  t e m p e r a t u r e   b e t w e e n   a b o u t   4 0 °  

and  55°C  when  a  s o l v e n t   i s   u s e d ,   and  b e t w e e n   a b o u t   8 5 °  

and  90°C  when  t h e   e s t e r   s t a r t i n g   m a t e r i a l   i s   m o l t e n  

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

r e a c t i o n ,   w h e t h e r   in   s o l u t i o n   or   in  m o l t e n   f o r m ,   i s  

u s u a l l y   r u n   a t   a t m o s p h e r i c   p r e s s u r e ,   e l e v a t e d   p r e s s u r e s  
can   be  u s e d   as  w e l l .   N o r m a l l y ,   t h e   r e a c t i o n   i s   run   u n t i l  

e s s e n t i a l l y   a l l   of  t h e   c o v a l e n t l y   b o u n d   i o d i n e   i s   d i s -  

p l a c e d   f rom  t h e   e s t e r .  
N o r m a l l y ,   a  s l i g h t   e x c e s s   of  c h l o r i n e ,   o v e r   t h a t  

r e q u i r e d   to   s a t i s f y   t h e   r e a c t i o n   g i v e n   a b o v e ,   i s   u s e d .  
I n t r o d u c i n g   c h l o r i n e   in  e x c e s s   of  t h e   a m o u n t   w h i c h   i s  

r e q u i r e d   to   d i s p l a c e   a l l   i o d i n e   in   t h e   e s t e r   s t a r t i n g  
m a t e r i a l   w i l l   do  no  h a r m ,   b u t   s u c h   an  e x c e s s   d o e s  

n o t h i n g   in   a i d   of  t h e   r e a c t i o n   e i t h e r .   H o w e v e r ,   i f   t h e  
R1  m o i e t y   has   some  t e n d e n c y   to  r e a c t   w i t h   c h l o r i n e ,  
i t   may  be  d e s i r a b l e   to   a v o i d   a  l a r g e   e x c e s s   of  c h l o r i n e .  
In  t h a t   way,   i f   t h e   R1  m o i e t y   r e a c t s   r e l a t i v e l y  
s l o w l y   w i t h   c h l o r i n e ,   i t   may  be  p o s s i b l e   to   c a r r y   t h e  
d e s i r e d   d i s p l a c e m e n t   of  i o d i n e   to  c o m p l e t i o n   b e f o r e  

a  s i g n i f i c a n t   a m o u n t   of   c h l o r i n e   r e a c t s   w i t h   t h e   R  

m o i e t y .  

A f t e r   a l l   of  t h e   i o d i n e   has   b e e n   d i s p l a c e d  

f rom  t h e   e s t e r ,   i t   i s   b e s t   to   c o n v e r t   t h e   i o d i n e  



c h l o r i d e ( s )   and  i o d i n e ,   i f   a n y ,   to   i o d i d e   and  c h l o r i d e  

i o n s .   F o r   e x a m p l e ,   one  c an   add  w a t e r   and  a  s o l u b l e  

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

f l u o r o a l k y l   e s t e r   i s   c a r r i e d   o u t   in   t h e   p r e s e n c e   of  a  
f r e e   r a d i c a l   i n i t i a t o r   a t   t e m p e r a t u r e s   in  t h e   r a n g e  
b e t w e e n   a b o u t   50°  and  140°C  and  a t   p r e s s u r e s   b e t w e e n  

a b o u t   1  and  50  a t m o s p h e r e s .   I f   t h e   p o l y f l u o r o a l k y l  
i o d i d e   or  t h e   a l l y l   e s t e r   u s e d   in   t h e   r e a c t i o n   has   a  

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

a  p r e s s u r e   s y s t e m   w o u l d   be  u s e d ;   o t h e r w i s e ,   t h e  

r e a c t i o n   may  be  c a r r i e d   o u t   a t   a t m o s p h e r i c   p r e s s u r e .  
The  f r e e   r a d i c a l   i n i t i a t o r   may  be  e i t h e r   an  azo   c o m -  

p o u n d   or   a  p e r o x y   c o m p o u n d ,   e . g .   a , a ' - a z o b i s - ( i s o b u t y r o -  

n i t r i l e ) ;   2 , 2 ' - a z o b i s - ( 2 , 4 - d i m e t h y l v a l e r o n i t r i l e ) ;  

a c e t y l   p e r o x i d e ;   b e n z o y l   p e r o x i d e ;   d i - t - b u t y l   p e r o x i d e  '  

and  t h e   l i k e .  

The  p o l y f l u o r o a l k y l   i o d i d e s   can   be  p r e p a r e d   by  a  

v a r i e t y   of   r e a c t i o n s .   See  f o r   e x a m p l e   B r a c e   e t   a l . ,  

JACS,   73,  4016  ( 1 9 5 1 ) ;   K r e s p a n ,   J .   Org .   C h e m . ,   2 3 ,  

2016  ( 1 9 5 8 ) ;   H a s z e l d i n e ,   J .   Chem.  S o c . ,   1 9 4 9 ,   2856 ;   1 9 5 2 ,  

4259 ;   1 9 5 3 ,   376;   H a u p t s c h e i n   e t   a l . ,   JACS,  79,  2 5 4 9  

( 1 9 5 7 ) .  

The  p r i n c i p a l   u s e   of  c o m p o u n d s   of   t h i s   i n v e n t i o n  

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

of  s a i d   c o m p o u n d s   to   c a r p e t s ,   o t h e r   woven  or   n o n - w o v e n  

t e x t i l e s ,   or  p a p e r .   The  d e s i r a b l e   c h a r a c t e r -  
i s t i c s   i m p a r t e d   by  t h e   a p p l i c a t i o n   of  s a i d   c o m p o u n d s  

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

to   s o i l i n g .   The  d e g r e e   t o   w h i c h   s a i d   d e s i r a b l e   c h a r a c t e r -  

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

t h e   d i f f e r e n t   s u b s t r a t e s .  

For   e x a m p l e ,   in   t h e   c a s e   of  c a r p e t s ,   d r y   s o i l  

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

c a r p e t   to   r e t a i n   i t s   new  a p p e a r a n c e   u n d e r   n o r m a l   t r a f f i c  



c o n d i t i o n s .   In  a d d i t i o n ,   o i l   and  w a t e r   r e p e l l e n c y   i s  

r e q u i r e d   in  c a r p e t s   to   p r o v i d e   r e s i s t a n c e   to   s t a i n i n g  

by  s p i l l e d   l i q u i d s .  

In  m o s t   of  t h e   o t h e r   end   u s e s ,   a c h i e v e m e n t   of  t h e  

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

a n d / o r   w a t e r   r e p e l l e n c y .   T h a t   may  be  done   by  d r o p  

t e s t s   as  r e p o r t e d   in  T a b l e s   3,  4  a n d  6   by  p e n e t r a t i o n  

as  r e p o r t e d   in  T a b l e   5 .  

A p p l i c a t i o n   of  t h e   n o v e l   c o m p o u n d s   of  t h i s   i n -  

v e n t i o n   f r o m   s o l u t i o n   or   a q u e o u s   d i s p e r s i o n   to   any  o f  

t h e   f o r e g o i n g   s u b s t r a t e s   may  be  c a r r i e d   o u t   in   a n y  

known  m a n n e r   so  as  to   d e p o s i t   on  t h e   s u b s t r a t e   f r o m  

a b o u t   0.01%  to   1.0%  of  t h e   n o v e l   c o m p o u n d ,   b a s e d   on  t h e  

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

of  t h e   n o v e l   c o m p o u n d s   of  t h i s   i n v e n t i o n   i s   made  f r o m  

an  a q u e o u s   d i s p e r s i o n .   S u b j e c t   to   t h e   a b o v e - d e f i n e d  

r a n g e   of  q u a n t i t i e s   of   t h e   n o v e l   c o m p o u n d s   b e i n g   d e -  

p o s i t e d   on  t h e   s u b s t r a t e ,  t h e   a q u e o u s   d i s p e r s i o n s   o f  

c o m p o u n d s   of  t h i s   i n v e n t i o n   can   be  b l e n d e d   w i t h   a n  

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

an  a q u e o u s   s u s p e n s i o n   of  p o l y m e t h y l   m e t h a c r y l a t e ,   m a k e s  

a  c o m p o s i t i o n   w h i c h   can   be  d i l u t e d   w i t h   w a t e r   f o r   a p -  
p l i c a t i o n   to   t h e   v a r i o u s   s u b s t r a t e s   c o n t e m p l a t e d   by  t h i s  

i n v e n t i o n .   The  p r e s e n c e   of  t h e   p o l y m e r i c   s u s p e n s i o n ,  
s u c h   as  an  a q u e o u s   p o l y m e t h y l m e t h a c r y l a t e ,   i m p r o v e s   d r y  
s o i l   r e s i s t a n c e .   Such  a  d i s p e r s i o n ,   b e f o r e   d i l u t i o n  

w i t h   w a t e r ,   w i l l   n o r m a l l y   c o n t a i n   f rom  a b o u t   2%  to   a b o u t  

20%  of   f l u o r i n a t e d   e s t e r   of  t h i s   i n v e n t i o n   and  b e t w e e n  

a b o u t   2%  and  a b o u t   40%  of  t h e   p o l y m e r ,   d r y   b a s i s ,   p r o -  
v i d e d   by  t h e   a b o v e - m e n t i o n e d   s u s p e n s i o n .   For   a p p l i c a t i o n  
to  t e x t i l e   s u b s t r a t e s ,   s u c h   as  c a r p e t s ,   t h e   a b o v e -  

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

A p p l i c a t i o n   can   be  made  by  any  known  t e c h n i q u e ,   s u c h   a s  

p a d d i n g ,   e x h a u s t   s p r a y i n g ,   and  t h e   l i k e .  

A f t e r   a  c o m p o u n d   (or  c o m p o u n d s )   of   t h i s   i n v e n t i o n ,  

as  a  s o l u t i o n   or  d i s p e r s i o n   and  o p t i o n a l l y   c o n t a i n i n g  

o t h e r   c o m p o n e n t s   s u c h   a s ,   f o r   e x a m p l e ,   p o l y ( m e t h y l m e t h -  



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

i t   w i l l   u s u a l l y   be  d r i e d   to   r e m o v e   w a t e r   a n d / o r   s o l -  

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

a b o u t   1 2 0 - 1 7 0 ° C ,   a l t h o u g h   h i g h e r   or   l o w e r   t e m p e r a t u r e s  

may  be  u s e d .   In  p a r t i c u l a r ,   d r y i n g   a t   a m b i e n t   t e m p e r a -  

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

u s u a l l y   p r e f e r r e d   to   h a s t e n   t h e   d r y i n g .   F u r t h e r m o r e ,  

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

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

p o s i t i o n   of   t h i s   i n v e n t i o n   so  t h a t   i t   s p r e a d s   and  m o r e  

e f f e c t i v e l y   c o a t s   t h e   s u b s t r a t e .  

The  o i l   r e p e l l e n c y   t e s t   u s e d   h e r e i n   i s   an  a d a p t a -  
t i o n   of  AATCC  T e s t   M e t h o d   1 1 8 - 1 9 7 8 .   O i l   r e p e l l e n c y   i s  

d e f i n e d   as  t h e   a b i l i t y   of  a  s u b s t r a t e   to   r e s i s t   w e t t i n g  

by  o i l y   l i q u i d s .   A c c o r d i n g   to   t h e   t e s t   m e t h o d ,   d r o p s  

of  s t a n d a r d   t e s t   l i q u i d s ,   c o n s i s t i n g   of   a  s e l e c t e d  

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

a r e   p l a c e d   on  t h e   s u b s t r a t e   and  o b s e r v e d   f o r   w e t t i n g .  

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

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

w i t h i n   a  p e r i o d   of   30  s e c o n d s .   W e t t i n g   of  t h e   s u r f a c e  

of  t h e   s u b s t r a t e   i s   n o r m a l l y   e v i d e n t   by  a  d a r k e n i n g  

t h e r e o f   a t   t h e   i n t e r f a c e .   On  b l a c k   o r   d a r k   s u r f a c e s ,  

w e t t i n g   can   be  d e t e c t e d   by  a  l o s s   of  " s p a r k l e "   w i t h i n  

t h e   d r o p .   The  s t a n d a r d   t e s t   l i q u i d s   a r e  s e t   f o r t h   i n  

T a b l e   1 .  



The  w a t e r   r e p e l l e n c y   t e s t   p r o v i d e s   an  i n d e x   o f  

a q u e o u s   s t a i n   r e s i s t a n c e   in   t h a t ,   g e n e r a l l y ,   t he   h i g h e r  

t h e   w a t e r   r e p e l l e n c y   r a t i n g ,   t h e   b e t t e r   t h e   r e s i s t a n c e  

to  s t a i n i n g   by  w a t e r - b a s e d   s u b s t a n c e s .   L i k e   t h e   o i l  

r e p e l l e n c y   r a t i n g ,   t h e   w a t e r   r e p e l l e n c y   r a t i n g   i s   t h e  

h i g h e s t   n u m b e r e d   t e s t   l i q u i d   w h i c h   w i l l   n o t   we t   t h e  

s u r f a c e   of  t h e   s u b s t r a t e   in   a  s p e c i f i e d   a m o u n t   of  t i m e ,  

in   t h i s   c a s e   10  s e c o n d s .   The  s t a n d a r d   t e s t   s o l u t i o n s  

a r e   t h o s e   of  T a b l e   2 .  



In  a c c o r d a n c e   w i t h   t h e   t e s t   p r o c e d u r e ,   one  b e g i n s   w i t h  

t h e   l o w e s t   n u m b e r e d   t e s t   l i q u i d   ( W a t e r   R e p e l l e n c y   R a t i n g  
No.  1 ) ,   and  c a r e f u l l y   p l a c e s   one   d r o p   t h e r e o f   a t   e a c h   o f  

t h r e e   l o c a t i o n s   on  t h e   s u r f a c e   of   t h e   s u b s t r a t e .   I f  

a f t e r   10  s e c o n d s   two  of  t h e   t h r e e   d r o p s   a r e   s t i l l  

v i s i b l e   i n   s p h e r i c a l   or   h e m i - s p h e r i c a l   f o r m ,   d r o p s   o f  

t h e   n e x t   h i g h e r   n u m b e r e d   t e s t   l i q u i d   a r e   p l a c e d   in   a n  

a d j a c e n t   s i t e   and  o b s e r v e d   f o r   10  s e c o n d s .   The  a b o v e -  

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

s p h e r i c a l   or  h e m i - s p h e r i c a l   10  s e c o n d s   a f t e r   a p p l i c a -  

t i o n .  

T h e   f o l l o w i n g   e x a m p l e s   a r e   g i v e n   by  way  of  i l l u s -  

t r a t i o n , n o t   by  way  of  l i m i t a t i o n .   U n l e s s   o t h e r w i s e  

i n d i c a t e d ,   a l l   p a r t s   and  p e r c e n t a g e s   a r e ' b y   w e i g h t ;  

t e m p e r a t u r e s   a r e   e x p r e s s e d   in   d e g r e e s   C e n t i g r a d e   a n d  

p r e s s u r e s   in   mm  of  H g .  
In  some  of  t h e   e x a m p l e s   t h a t   f o l l o w ,   t h e   t e r m   MPI 

has   b e e n   u s e d   as  an  a b b r e v i a t i o n   f o r   Mixed   P e r f l u o r o -  

a l k y l   I o d i d e s   of  t h e   f o r m u l a ,   C n F 2 n + 1 r ,   h a v i n g   t h e  

f o l l o w i n g   c o m p o s i t i o n   ( a v e r a g e   n  =  8 ) :  



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

i o d i d e s   be  u s e d   in   m a k i n g   c o m p o u n d s   of  t h i s   i n v e n t i o n .  

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

f o r e g o i n g   can   be  u s e d ,   e . g .   a  m i x t u r e   of  t h e   a b o v e   f o r -  

m u l a   h a v i n g   t h e   c o m p o s i t i o n   ( a v e r a g e   n  =  6 ) :  

In  t h e   e x a m p l e s   t h a t   f o l l o w ,   t h e   t e r m   ABI  i s   a n  
a b b r e v i a t i o n   f o r   2 , 2 ' - a z o b i s - ( i s o b u t y r o n i t r i l e ) .   M o r e -  

o v e r ,   in   t h o s e   e x a m p l e s ,   t h e   t e r m   " d e o x y g e n a t e d "   m e a n s  
t h a t   t h e   m a t e r i a l   so  t r e a t e d   was  s t i r r e d   o v e r n i g h t   a t  

a m b i e n t   t e m p e r a t u r e   u n d e r   a  c u r r e n t   of  n i t r o g e n   o r  
s t i r r e d   f o r   a t   l e a s t   one  h o u r   a t   a b o u t   60°C  u n d e r   a  

c u r r e n t   of  n i t r o g e n .   In  t h e   e x a m p l e s ,   " n o n i o n i c   s u r f a c t -  

a n t "   means   t h e   p r o d u c t   of  t h e   r e a c t i o n   of  15  m o l e s   o f  

e t h y l e n e   o x i d e   w i t h   1  mo le   of   a  m i x t u r e   of  n - d o d e c a n o l -  

1,  n - t e t r a d e c a n o l - 1 ,   and  n - h e x a d e c a n o l - 1 .   " A r q u a d "   1 8 -  

50  means   a  50%  s o l u t i o n   of  o c t a d e c y l   t r i m e t h y l   a m m o n i u m  

c h l o r i d e   in   w a t e r .  



E x a m p l e   1  

P r e p a r a t i o n   of  A d d u c t  

The  MPI  and  t h e   t r i a l l y l   t r i m e l l i t a t e   w e r e   m i x e d  
and  d e o x y g e n a t e d .   T h e n ,   w h i l e   m a i n t a i n i n g   a  n i t r o g e n  
a t m o s p h e r e ,   t h e   ABI  was  a d d e d   p o r t i o n w i s e   o v e r   a  
p e r i o d   of  a b o u t   24  h o u r s   on  t h e   f o l l o w i n g   t i m e  

s c h e d u l e :  

P r e p a r a t i o n   of  D i s p e r s i o n   and   T e s t i n g   on  N y l o n   C a r p e t  

A l l   c o m p o n e n t s   w e r e   c o m b i n e d   a t   5 0 - 8 0 ° C   in   a  

b l e n d e r ,   a g i t a t e d   t h e r e i n   f o r   a b o u t   10  m i n u t e s ,  

and   t h e n   p a s s e d   t w i c e   t h r o u g h   a  M a n t o n - G a u l i n  

h o m o g e n i z e r   (2  s t a g e s ,   500  and  6000  p s i ) .   T h e  

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

up  to   a b o u t   5 5 ° C .  



A  p o r t i o n   of  t h e   f i n i s h e d   d i s p e r s i o n   was  d i l u t e d  

w i t h  w a t e r   and  m i x e d   w i t h   a c e t i c   a c i d   and  an  a q u e o u s  

d i s p e r s i o n   of   p o l y m e t h y l m e t h a c r y l a t e   (PMMA).  The  PMMA 

in   t h e   d i s p e r s i o n   had   an  i n h e r e n t   v i s c o s i t y   of   a b o u t  

0 . 7   ( 0 . 5   g  of  PMMA  in   100  ml  of   a c e t o n e   a t   3 0 ° C ) ,   a n d  

was  made  up  of  p a r t i c l e s   h a v i n g   an  a v e r a g e   s i z e   o f  

a b o u t   0 . 0 6   m i c r o n .   The  m i x e d   d i s p e r s i o n   c o m p r i s i n g  

t h e   a d d u c t ,   a c e t i c   a c i d ,   PMMA  and  w a t e r   was  t h e n  

s p r a y e d   o n t o   t h e   f a c e   of  n y l o n   c a r p e t   so  t h a t   t h e   f a c e  

f i b e r s   of  t h e   c a r p e t   r e c e i v e d   0 .055%  of  f l u o r i n e   ( i n  

c o v a l e n t l y   b o u n d   f o r m ) ,   0 .186%  of  p o l y m e t h y l m e t h -  

a c r y l a t e ,   0 .01%  of  a c e t i c   a c i d ,   and  a b o u t   25%  o f  

H2O  b a s e d   on  t h e   w e i g h t   o f ' t h e   f i b e r .   The  c a r p e t  

was  d r i e d   f o r   30  m i n u t e s   in   a  f o r c e d   a i r   o v e n   a t  

2 7 0 " F .   S a m p l e s   of  t h e   c a r p e t   w e r e   t e s t e d   f o r   o i l   a n d  

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

f o r   d r y   s o i l   r e s i s t a n c e   by  b e i n g   p l a c e d   in   a  h e a v i l y -  

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

same  c a r p e t ,   b e i n g   r a t e d   f o r   s o i l - r e s i s t a n c e   in   c o m -  

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

t e s t i n g   of  t h e   c a r p e t   s a m p l e s   a r e ' s e t   f o r t h   in   T a b l e  

3 .  

A n o t h e r   p o r t i o n   of  t h e   f i n i s h e d   d i s p e r s i o n   w a s  

d i l u t e d   w i t h   w a t e r   and  m i x e d   w i t h   a c e t i c   a c i d .   I t   w a s  

t h e n   s p r a y e d   o n t o   t h e   f a c e   of  n y l o n   c a r p e t   so  t h a t   t h e  

f a c e   f i b e r s   t h e r e o f   r e c e i v e d   0 .055%  of   f l u o r i n e   ( i n  

c o v a l e n t l y   b o u n d   f o r m ) ,   0 .01%  of   a c e t i c  a c i d   a n d  

a b o u t   25%  of  w a t e r .   The  t r e a t e d   c a r p e t   was  t h e n   d r i e d  

and  t e s t e d   as  d e s c r i b e d   a b o v e ,   g i v i n g   t h e   d a t a   s e t  

f o r t h   in   T a b l e   4 .  

E x a m p l e   2 

P r e p a r a t i o n   of  T r i a l l y l   C i t r a t e   A d d u c t  

The  MPI  and  47  ml  of  t h e   t r i a l l y l   c i t r a t e   w e r e  



m i x e d   and   d e o x y g e n a t e d   o v e r n i g h t .   The  n e x t   d a y ,   t h e  

f o l l o w i n g   s c h e d u l e   was  f o l l o w e d :  

D i s p e r s i o n s   of  t h e   p r o d u c t   o f  t h i s   e x a m p l e ,   w i t h  

and  w i t h o u t   p o l y m e t h y l   m e t h a c r y l a t e ,   w e r e   p r e p a r e d   b y  

t h e  p r o c e d u r e s   d e s c r i b e d   i n  E x a m p l e   1.  S e p a r a t e  

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

t e s t e d   as  in   E x a m p l e   1,  t h e   r e s u l t s   t h e r e o f   b e i n g  

r e c i t e d   in   T a b l e s   3  and  4 .  

E x a m p l e   3 

In  a  r o u n d - b o t t o m   f l a s k   f i t t e d   w i t h   a  r e f l u x   c o n -  

d e n s e r   m a i n t a i n e d   a t   0°C  w e r e   p l a c e d   320  g  of   t h e  

p r o d u c t   of   E x a m p l e   1  and  120  ml  of  1 , 1 , 2 - t r i c h l o r o -  

l , 2 , 2 - t r i f l u o r o e t h a n e .   The  m i x t u r e   was  s t i r r e d   a t  

4 8 - 5 2 ° C   and  36  g  of   c h l o r i n e   gas   w e r e   i n t r o d u c e d   b e l o w  

t h e   s u r f a c e   of  t h e   l i q u i d   o v e r   a  p e r i o d   of  75  m i n u t e s .  

T h i s   m i x t u r e   was  l e f t   a t   room  t e m p e r a t u r e   o v e r n i g h t .  

The  n e x t   m o r n i n g ,   t h e   t e m p e r a t u r e   was  h e l d   in   t h e  



r a n g e   of  4 3 - 5 2 °   w h i l e   40  ml  of   w a t e r   and  t h e n   140  m l  

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

we re   a d d e d .   The  t e m p e r a t u r e   was  r a i s e d   to   80°  t o  

d i s t i l l   o u t   t h e   1 , 1 , 2 - t r i c h l o r o - 1 , 2 , 2 - t r i f l u o r o -  

e t h a n e .   At  t h e   same  t e m p e r a t u r e ,   100  ml  of  m e t h y l  

i s o b u t y l   k e t o n e   we re   a d d e d ,   f o l l o w e d   by  a b o u t   147  m l  

of  20%  a q u e o u s   s o d i u m   h y d r o x i d e   to   b r i n g   t h e   pH  t o  

5 . 4 .   T h e n ,   120  ml  of  m e t h y l   i s o b u t y l   k e t o n e   and  60  

g  of  M g S 0 4 · 7 H 2 0   w e r e   a d d e d ,   and  a f t e r   t h e   l a t t e r  

d i s s o l v e d ,   t h e   l o w e r   a q u e o u s   l a y e r   was  r e m o v e d   in  a  

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

200  ml  of  a  h o t   a q u e o u s   s o l u t i o n   of  MgSO4·7H2O  ( s a t -  

u r a t e d   a t   a b o u t   6 0 ° C ) .   A f t e r   m i x i n g   w e l l   a t   80°C ,   t h e  

l o w e r   a q u e o u s   l a y e r   was  d i s c a r d e d .   The  o r g a n i c   l a y e r  

was  w a s h e d   w i t h   200  ml  of  w a t e r   a t   80°C,   and  t h e  

p r o d u c t   in  m e t h y l   i s o b u t y l   k e t o n e   f o r m e d   t h e   b o t t o m  

l a y e r .   The  u p p e r   l a y e r   was  d i s c a r d e d ,   and  a f t e r  

e v a p o r a t i o n   of  p a r t   of  t h e   m e t h y l   i s o b u t y l   k e t o n e   i n  

t h e   b o t t o m   l a y e r ,   339  g  of  r e s i d u e   we re   o b t a i n e d .   A 

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

be  67.5%  n o n - v o l a t i l e .   T h a t   c o r r e s p o n d s   to  229  g  o f  

d r y   p r o d u c t   w h i c h   i s   83%  of  t h e   t h e o r e t i c a l   y i e l d .  
The  s t r u c t u r e   of  t h e   p r o d u c t   i s   as  f o l l o w s :  

w h e r e i n   n  i s   t h e   same  as  g i v e n   in  t h e   d e f i n i t i o n   o f  

MPI.  The  s t r u c t u r e   of  t h e   p r o d u c t   was  e s t a b l i s h e d   b y  

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

a n a l y s i s .   The  l a t t e r   g i v e s   t h e   f o l l o w i n g   r e s u l t s   f o r  

n  w i t h   an  a v e r a g e   v a l u e   of  8 :  



P r e p a r a t i o n   of  D i s p e r s i o n   and  T e s t i n g   on  C a r p e t  

A  d i s p e r s i o n   was  p r e p a r e d   as  d e s c r i b e d   in   E x a m p l e  

1,  u s i n g   352  g  of   t h e   67.5%  s o l i d s   m e t h y l   i s o b u t y l  

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

w e r e :  

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

a p p l i c a t i o n   to   c a r p e t   ( w i t h   and  w i t h o u t   p o l y m e t h y l  

m e t h a c r y l a t e )   and  t e s t i n g   w e r e   c a r r i e d   o u t   as  d e s c r i b e d  

in   E x a m p l e   1.  T e s t   r e s u l t s   a r e   s e t   f o r t h   in   T a b l e s   3 

and  4 .  

E x a m p l e   4 

C h l o r i n a t i o n   of  t h e   P r o d u c t   of   E x a m p l e   2  

In  a  5 0 0   ml  r o u n d - b o t t o m   f l a s k   f i t t e d   w i t h   a  r e -  
f l u x   c o n d e n s e r   m a i n t a i n e d   a t   0°  w e r e   p l a c e d   160  g  o f  

t h e   p r o d u c t   of  E x a m p l e   2  and  60  ml  of   1 , 1 , 2 - t r i c h l o r o -  

1 , 2 , 2 - t r i f l u o r o e t h a n e .   The  m i x t u r e   was  s t i r r e d   a t   4 8 -  

51°  and  24  g  of   c h l o r i n e   gas   w e r e   i n t r o d u c e d   b e l o w   t h e  

s u r f a c e   o v e r   a  p e r i o d   of   a b o u t   75  m i n u t e s .   T h e n ,   20  m l  

of  w a t e r   was  p o u r e d   down  t h e   c o n d e n s e r ,   f o l l o w e d   b y  

80  ml  of  a  s a t u r a t e d   a q u e o u s   s o l u t i o n   of   s o d i u m   b i s u l -  

f i t e   a d d e d   s l o w l y .   The  r e f l u x   c o n d e n s e r   was  t h e n   r e -  

moved  and  t h e   f l a s k   was  h e a t e d   to   8 4 - 8 5 °   and  h e l d   a t  

t h a t   t e m p e r a t u r e   f o r   a b o u t   15  m i n u t e s   to  d i s t i l l   o u t  

t h e   c h l o r o f l u o r o c a r b o n .   N e x t ,   was  a d d e d   90  ml  of  m e t h y l  

i s o b u t y l   k e t o n e .   The  a q u e o u s   l o w e r   l a y e r   was  r e m o v e d   b y  



means   of  a  s e p a r a t o r y   f u n n e l .   The  o r g a n i c   l a y e r   w a s  
w a s h e d   w i t h   100  ml  of  h o t ,   c o n c e n t r a t e d   m a g n e s i u m  

s u l f a t e   s o l u t i o n .   I s o p r o p a n o l   (50  ml)  was  a d d e d   t o  

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

f i n a l   wash  was  100  ml  of  w a t e r   to   w h i c h   20  ml  of  i s o -  

p r o p a n o l   was  a d d e d .   The  r e s u l t i n g   s o l u t i o n   of  t h e  

p r o d u c t   in   m e t h y l   i s o b u t y l   k e t o n e   w e i g h e d   237  g  and  w a s  

56.4%  n o n - v o l a t i l e ,   c o r r e s p o n d i n g   to   134  g  of  d r y  

p r o d u c t ,   97%  of  t h e   t h e o r e t i c a l   y i e l d .  

The  s t r u c t u r e   of  t h e   p r o d u c t ,   e s t a b l i s h e d   by  NMR 

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

The  a v e r a g e   v a l u e   of  n  in   t h e   MPI  u s e d   as  s t a r t i n g  

m a t e r i a l   i s   8,  and  t h e r e f o r e   t h e   a v e r a g e   e m p i r i c a l   f o r -  

mula   i s   C 3 9 H 1 7 F 5 1 O 7 C l 3 .   The  d r i e d   m a t e r i a l   was  a n a l y z e d :  

The  f o r e g o i n g   e l e m e n t a l   a n a l y s i s   g i v e s   s a t i s f a c t o r y  

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

s t r u c t u r e   s e t   f o r t h   a b o v e .  

P r e p a r a t i o n   of  t h e   D i s p e r s i o n   and  T e s t i n g   on  C a r p e t  

The  d i s p e r s i o n   was  made  as  d e s c r i b e d   in   E x a m p l e  

1,  u s i n g   179  g  of  t h e   m e t h y l   i s o b u t y l   k e t o n e   s o l u t i o n  



p r o d u c e d   as  d e s c r i b e d   a b o v e .   The  o t h e r   i n g r e d i e n t s  

w e r e   as  d e s c r i b e d   in   E x a m p l e   1,  e x c e p t   t h a t   no  m e t h y l  

i s o b u t y l   k e t o n e   was  a d d e d   p e r   s e .   The  d i s p e r s i o n   w a s  
d i s t i l l e d   u n d e r   v a c u u m   to   r e m o v e   t h e   m e t h y l   i s o b u t y l  
k e t o n e   and  a p p l i e d   to   n y l o n   c a r p e t   as  h e r e i n b e f o r e  

d e s c r i b e d .   The  r e s u l t s   of  t e s t i n g   of   t h e   t r e a t e d  

c a r p e t   a r e   s e t   f o r t h   in   T a b l e s   3  and  4 .  

E x a m p l e   5 

A l l   of   t h e   a b o v e   i n g r e d i e n t s   w e r e   c o m b i n e d   a n d  

d e o x y g e n a t e d .   Then   t h e   m i x t u r e   was  s t i r r e d   a t   6 7 - 7 4 °  

f o r   70  m i n u t e s ,   f o l l o w e d   by  150  m i n u t e s   a t   7 0 - 7 5 °   a n d  ,  

t h e n   f o r   80  m i n u t e s   a t   7 9 - 8 3 ° .   D u r i n g   t h e   f i r s t  

t w e n t y   m i n u t e s   of   t h e   p e r i o d ,   t h e   r e a c t i o n   was  e x o -  

t h e r m i c   and  r e q u i r e d   c o o l i n g   ( a f t e r   i n i t i a l   h e a t i n g   t o  

b r i n g   to   r e a c t i o n   t e m p e r a t u r e ) .   L a t e r ,   h e a t i n g   w a s  

a g a i n   r e q u i r e d .  
V o l a t i l e   m a t e r i a l s   (87  g)  w e r e   t h e n   r e m o v e d   o n  

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

e v a p o r a t o r .   The  v o l a t i l e   m a t e r i a l s   c o n s i s t e d   of   i s o -  

o c t a n e   (25  g)  a n d  p e r f l u o r o h e x y l   i o d i d e   (62  g ) .   T h u s ,  

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

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

t h a t   t h e   s t r u c t u r e   of  t h e   p r o d u c t   i s :  

E x a m i n a t i o n   of   t h e   p r o d u c t   by  n u c l e a r   m a g n e t i c  



r e s o n a n c e   i n d i c a t e d   t h a t   94%  of   t h e   a l l y l   d o u b l e  

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

m o i e t y :   - C F 2 - C H 2 - C H I - C H 2 - .  
The  p r o d u c t   was  d i s p e r s e d   in   w a t e r   and  t e s t e d   o n  

c a r p e t   as  d e s c r i b e d   in   E x a m p l e   1.  The  r e s u l t s   a r e  

s e t   f o r t h   in   T a b l e s   3  and  4 .  

E x a m p l e   6 

P r e p a r a t i o n   of  A d d u c t  

The  MPI  and  t h e   d i a l l y l p h t h a l a t e   w e r e   m i x e d   a n d  

d e o x y g e n a t e d .   T h e n ,   w h i l e   m a i n t a i n i n g   a  n i t r o g e n  

a t m o s p h e r e ,   t h e   ABI  was  a d d e d   and  t e m p e r a t u r e   w a s  

c o n t r o l l e d   a c c o r d i n g   to   t h e   f o l l o w i n g   s c h e d u l e :  

P r e p a r a t i o n   of  D i s p e r s i o n   and  T e s t i n g   on  C a r p e t  

T h i s   was  c a r r i e d   o u t   as  d e s c r i b e d   in   E x a m p l e   1  

and  t h e   r e s u l t s   a r e   r e c o r d e d   in   T a b l e   3 .  

E x a m p l e   7 

P r e p a r a t i o n   of  A d d u c t  



The  p r o c e d u r e   was  as  d e s c r i b e d   in   E x a m p l e   6 ,  
w i t h   t h e   f o l l o w i n g   s c h e d u l e   f o r   t e m p e r a t u r e   and  a d -  

d i t i o n   of  A B I .  

P r e p a r a t i o n   of  e m u l s i o n   and  t e s t i n g   on  c a r p e t   w e r e  

c a r r i e d   o u t   as  d e s c r i b e d   i n   E x a m p l e   1  and  t h e   r e s u l t s  

a r e   r e c o r d e d   in   T a b l e   3 .  

E x a m p l e   8 

P r e p a r a t i o n   o f   t h e   a d d u c t   was  c a r r i e d   o u t  

e s s e n t i a l l y   as  d e s c r i b e d   in   E x a m p l e   7,  w i t h   t h e   f o l l o w -  

i n g   e x c e p t i o n s :  

MPI  was  r e p l a c e d   by  C 8 F 1 7 I ;   a n d  

t h e   a d d u c t   was  p u r i f i e d   by  r e -  

c r y s t a l l i z a t i o n   f rom  i s o p r o p a n o l .  

C h l o r i n a t i o n   of   t h e   A d d u c t  

The  e q u i p m e n t   was  t h e   same  as  u s e d   in   E x a m p l e   4 .  

The  m a t e r i a l s  c h a r g e d   w e r e :  



C h l o r i n e   gas   (15  g)  was  i n t r o d u c e d   d u r i n g   two  h o u r s ,  

w h i l e   t h e   f l a s k   c o n t e n t s   w e r e   m a i n t a i n e d   b e t w e e n   3 9 °  

and  5 5 ° .   T h e r e a f t e r ,   20  ml  of  w a t e r   w e r e   a d d e d ,   f o l -  

l o w e d   by  80  ml  of  a  s a t u r a t e d   a q u e o u s   s o l u t i o n   o f  

s o d i u m   b i s u l f i t e .   The  m i x t u r e   s e p a r a t e d   i n t o   2  l a y e r s  

and  was  l e t   s t a n d   f o r   25  d a y s .  

The  l a y e r s   w e r e   s e p a r a t e d ,   t h e   t h e   l o w e r   l a y e r  

was  w a s h e d   w i t h   t h r e e   2 0 0 - m l   p o r t i o n s   of   w a t e r ,   to   t h e  

l a s t   of  w h i c h   was  a d d e d   10  ml  of  i s o p r o p a n o l .   T h e  

c h l o r o f l u o r o c a r b o n   was  t h e n   e v a p o r a t e d   in   a  v a c u u m   o v e n  

a t   9 0 - 1 0 0 ° .   The  p r o d u c t   was  a  c l e a r ,   a m b e r ,   v i s c o u s  

l i q u i d   and  w e i g h e d   102  g,  r e p r e s e n t i n g   a  94%  y i e l d   o f :  

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

was  e s t a b l i s h e d   by  e l e m e n t a l   a n a l y s i s   and  NMR 

s p e c t r o s c o p y ,   b o t h   p r o t o n   and  C a r b o n - 1 3 .   T h e  
e l e m e n t a l   a n a l y s i s   g a v e   t h e   f o l l o w i n g   r e s u l t s :  

To  a  4 0 0 - m l   H a s t e l l o y   C - l i n e d   bomb  was  a d d e d  

10  g  of   t h e   f o r e g o i n g   p r o d u c t ,   10  ml  of  p y r i d i n e   a n d  

50  ml  of  i s o p r o p a n o l .   The  bomb  was  c h i l l e d   to   a b o u t  

( - ) 7 5 ° C   and  e v a c u a t e d   to   a b o u t   3  mm  p r e s s u r e .   T h e n ,  

t h e   bomb  was  c l o s e d   and  h e a t e d   to   160°C  f o r   4  h o u r s .  

The  bomb  was  t h e n   c o o l e d .   The  c o n t e n t s   w e r e   a  



h o m o g e n e o u s   d a r k   a m b e r   l i q u i d .   Of  t h i s   l i q u i d ,   0 .4   g  

was  t a k e n   and  m i x e d   w i t h   100  ml  of   w a t e r   to   g i v e   a  

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

s o l u t i o n   or  s u s p e n s i o n   has   a  s u r f a c e   t e n s i o n   of  2 2 . 4  

d y n e s / c m . ,   m e a s u r e d   by  t h e   r i n g   m e t h o d   u s i n g   a  Du  N o u y  

t e n s i o m e t e r .  

E x a m p l e   9 

In  a  r o u n d - b o t t o m   f l a s k   e q u i p p e d   w i t h   an  i c e -  

w a t e r - c o o l e d   r e f l u x   c o n d e n s e r   w e r e   p l a c e d   74  g  of  t h e  

p r o d u c t   of  E x a m p l e   6  and  30  ml  of   1 , 1 , 2 - t r i c h l o r o -  

1 , 2 , 2 - t r i f l u o r o e t h a n e .   The  m i x t u r e   was  m a i n t a i n e d   a t  

51°C  w h i l e   15  g  of  c h l o r i n e   was  a d d e d   b e l o w   t h e   s u r -  

f a c e   o v e r   a  p e r i o d   of   53  m i n u t e s .   T h e n ,   40  ml  of  a  

s a t u r a t e d   a q u e o u s   s o l u t i o n   of  s o d i u m   b i s u l f i t e   w e r e  

a d d e d ,   d r o p w i s e ,   f o l l o w e d   by  s u f f i c i e n t   30%  a q u e o u s  
s o d i u m   h y d r o x i d e   to   b r i n g   t h e   pH  to  a b o u t   6  ( a b o u t   35  

m l ) .   The  t e m p e r a t u r e   was  t h e n   r a i s e d   to   85°  to   d i s t i l l  

o u t   l , I , 2 - t r i c h l o r o - 1 , 2 , 2 - t r i f l u o r o e t h a n e .   The  r e s u l t -  

i n g   m i x t u r e   was  t r a n s f e r r e d   to   a  s e p a r a t o r y   f u n n e l   a n d  

50  ml  of   m e t h y l   i s o b u t y l   k e t o n e   w e r e   a d d e d .   A f t e r  

s h a k i n g ,   t h e   l o w e r   l a y e r   was  d i s c a r d e d   and  50  ml  of  a  

s a t u r a t e d   a q u e o u s   s o l u t i o n   of  m a g n e s i u m   s u l f a t e   a n d  

20  ml  of  i s o p r o p a n o l   w e r e   a d d e d   and  t h e   m i x t u r e   w a s  

s h a k e n   a g a i n .   The  l o w e r   l a y e r   was  a g a i n   d i s c a r d e d   a n d  

50  ml  of  h o t   w a t e r   w e r e   a d d e d .   A f t e r   s h a k i n g ,   t h e   s o l u -  

t i o n   of   t h e   p r o d u c t   ( l o w e r   l a y e r )   was  d r a w n   o f f .  

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

( r e m o v i n g   m e t h y l   i s o b u t y l   k e t o n e )   u n t i l   i t   w e i g h e d   69 

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

we re   m i x e d   w i t h :  

The  r e s u l t i n g   m i x t u r e   was  w e l l   a g i t a t e d   in   a  b l e n d e r ,  



t h e n   d i l u t e d   w i t h   w a t e r   and   m i x e d   w i t h   a c e t i c   a c i d .  

T h a t   m i x t u r e   was  s p r a y e d   o n t o   n y l o n   c a r p e t   so  t h a t  

t h e   f a c e   f i b e r s   r e c e i v e d   0 .055%  of  f l u o r i n e   ( i n   c o -  

v a l e n t l y   b o u n d   f o r m ) ,   0 .01%  of   a c e t i c   a c i d ,   and  25% 

of  w a t e r   b a s e d   on  t h e   w e i g h t   of   t h e   f i b e r .   The  c a r p e t  

was  d r i e d   and  t e s t e d   as  d e s c r i b e d   in   E x a m p l e   1.  T h e  

t e s t   d a t a   a r e   s e t   f o r t h   in   T a b l e   4 .  



T e s t s   on  N o n - w o v e n   F a b r i c s  

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

r i c   w e r e :  

A.  The  p r o d u c t   of  E x a m p l e   3,  d i s p e r s e d   in   w a t e r  

as  d e s c r i b e d   in   E x a m p l e   3,  m e t h y l   i s o b u t y l   k e t o n e   r e -  

moved  as  d e s c r i b e d   in   s a i d   E x a m p l e .   T h a t   p r o d u c t   w a s  

t h e n   d i l u t e d   w i t h   w a t e r   to   c o n t a i n   0 .035%  of  f l u o r i n e .  

B.  The  p r o d u c t   of  E x a m p l e   4,  t r e a t e d   as  d e s c r i b e d  

in   A  to   c o n t a i n   0 .035%  f l u o r i n e .  

C.  The  p r o d u c t   of   E x a m p l e   9,  in   t h e   fo rm  of  a  60% 

s o l u t i o n   in   m e t h y l   i s o b u t y l   k e t o n e ,   was  d i s p e r s e d   i n  

w a t e r   as  d e s c r i b e d   in   E x a m p l e   4.  A f t e r   d i s t i l l a t i o n  

of  t h e   m e t h y l   i s o b u t y l   k e t o n e ,   t h e   d i s p e r s i o n   w a s  

d i l u t e d   to   c o n t a i n   0 .035%  f l u o r i n e .  

The  n o n - w o v e n   f a b r i c   was  a  60%  p o l y e s t e r / 4 0 %   w o o d  

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

The  d i l u t e d   d i s p e r s i o n s   w e r e   p a d d e d   o n t o   t h e   n o n - w o v e n  

f a b r i c   to   o b t a i n   a  we t   p i c k - u p   of  1 9 3  +   5%.  They   w e r e  

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

3 2 5 ° F ,   t h e   h e a t   b e i n g   a p p l i e d   o n c e   on  e a c h   s i d e   of  t h e  

f a b r i c ,   w i t h   a  c o n t a c t   t i m e   i n   t h e   m a n g l e   of  75  s e c o n d s .  

The  t r e a t e d   f a b r i c s ,   as  w e l l   as  an  u n t r e a t e d  

s a m p l e ,   w e r e   s u b j e c t e d   to   t h e   DART*  8 0 . 9   t e s t ,   in   w h i c h  

a  s a m p l e   of   t h e   f a b r i c   i s   c u t   to   t h e   s i z e   of  t h e   d i s c   o f  

a  s t a n d a r d   t w o - p i e c e   mason   j a r   l i d .   A  o n e - q u a r t   m a s o n  

j a r   i s   c h a r g e d   w i t h   600  ml  of   w a t e r   c o n t a i n i n g   0 . 9 %  

NaCl ;   t h e   d i s c   i s   c l a m p e d   to   t h e   t o p   of  t h e   j a r   a n d  

t h e   j a r   i s   i n v e r t e d .   The  t i m e   f o r   w a t e r   to  p e n e t r a t e  

t h e   d i s c   i s   r e c o r d e d   as  s e t   f o r t h   in   T a b l e   5 .  



T e s t s   on  K r a f t   P a p e r  

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

t y p e   as  d e s c r i b e d   in   " T e s t s   on  N o n - w o v e n , "   b u t   o f  

d i f f e r e n t   c o n c e n t r a t i o n .   The  p a p e r ,   C l a r e m o n t   u n -  
b l e a c h e d   K r a f t   w e i g h i n g   20  l b s / 1 0 0   sq  f t ,   w a s  

p a d d e d   w i t h   t h e ' d i s p e r s i o n s   as  l i s t e d   to   g i v e   1 3 8  +   2% 

wet   p i c k - u p .   The  p a p e r   was  t h e n   d r i e d   by  t w o  

p a s s e s   t h r o u g h   a  2 2 0 ° F   m a n g l e ,   once   w i t h   e a c h   s i d e  

up.   C o n t a c t   t i m e   was  75  s e c o n d s .   The  t r e a t e d   p a p e r s  
and  an  u n t r e a t e d   c o n t r o l   w e r e   g i v e n   t h e   AATCC  o i l  

r e p e l l e n c y   t e s t ,   and  t h e   r e s u l t s   a r e   g i v e n   in   T a b l e   6 .  

E x a m p l e   10  

C h l o r i n a t i o n   of   T r i a l l y l   T r i m e l l i t a t e   A d d u c t  

W i t h o u t   S o l v e n t  

The  p r o d u c t   of  E x a m p l e   1  (984  g)  was  c h a r g e d   t o  

a  3 - l i t e r   r o u n d - b o t t o m   f l a s k   w i t h   b o t t o m   o u t l e t ,  

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

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

f l a s k   w h i l e   t h e   c o n t e n t s   w e r e   h e a t e d   to   85°C  to  m e l t .  

The  c o n t e n t s   of  t h e   f l a s k   w e r e   a g i t a t e d   w h i l e   c h l o r i n e  

gas   was  i n t r o d u c e d   b e l o w   t h e   s u r f a c e   of  t h e   l i q u i d   a s  

d e t a i l e d   b e l o w .  



A g i t a t i o n   was  s t o p p e d   and   t h e   m i x t u r e   was  a l l o w e d   t o  

c o o l   to   room  t e m p e r a t u r e   and  s t a n d   o v e r n i g h t .   T h e  

f o l l o w i n g   m o r n i n g ,   t h e   m i x t u r e   was  h e a t e d   to   70°C  a n d  

t h e   u p p e r ,   a q u e o u s   l a y e r   was  s i p h o n e d   o f f .   W a t e r  

(400  ml)  and  490  ml  of   m e t h y l   i s o b u t y l   k e t o n e   w e r e  

a d d e d ,   and  t h e   m i x t u r e   was  h e a t e d   w i t h   a g i t a t i o n  
f r o m  5 5   t o   68°C .   A g i t a t i o n   was  s t o p p e d   and  t h e   u p p e r ,  

a q u e o u s   l a y e r   was  s i p h o n e d   o f f .   W a t e r   (400  m l ,  

p r e h e a t e d   to   7 5 - 8 0 ° C )   was  a d d e d   and  t h e   m i x t u r e   w a s  

a g i t a t e d   f o r   15  m i n u t e s   a t   7 0 ° - 8 0 ° C .   A g i t a t i o n   w a s  

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

I t   w e i g h e d   1245  g.  A  s a m p l e   was  d r i e d   in   v a c u u m   o v e n  

a t   9 0 - l 0 0 ° C   f o r  o n e   h o u r   and  s h o w e d   64.7%  n o n - v o l a t i l e s ,  

c o r r e s p o n d i n g   to   806  g  of  p r o d u c t ,   a  95%  y i e l d .   NMR 

( p r o t o n )   e x a m i n a t i o n   of   t h e   v a c u u m - d r i e d   p r o d u c t   c o n -  

f i r m e d   t h a t   t h e   p r o d u c t   of   E x a m p l e   3  had   b e e n  

d u p l i c a t e d .  



E x a m p l e   1 1  

C h l o r i n a t i o n   of  T r i a l l y l   C i t r a t e   A d d u c t   W i t h o u t  

S o l v e n t  

A  o n e - l i t e r   r o u n d - b o t t o m   f l a s k   w i t h   b o t t o m   o u t l e t  

was  u s e d .   A  m a n t l e   ( G l a s - C o l )   was  u s e d   f o r   h e a t i n g .  

The  p r o d u c t   of  E x a m p l e   2  was  c h a r g e d   to   t h e   f l a s k   a t  

room  t e m p e r a t u r e   and  was  m e l t e d   u n d e r   n i t r o g e n .   T h e n ,  

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

gas   was  i n t r o d u c e d   b e l o w   t h e   l i q u i d   s u r f a c e ,   a c c o r d i n g  

to   t h e   f o l l o w i n g   s c h e d u l e :  

A g i t a t i o n   was  s t o p p e d   a t   t h i s   p o i n t   and  t h e   u p p e r ,  

a q u e o u s   l a y e r   was  s i p h o n e d   o f f .   T h e n ,   300  ml .   w a t e r  

w e r e a d d e d   and   t h e   m i x t u r e   was  r e h e a t e d   to   88°C  w i t h  

a g i t a t i o n .   A g i t a t i o n   was  s t o p p e d   and  t h e   m o l t e n  

p r o d u c t   (330  g)  was  d r a i n e d   o f f   t h e   b o t t o m .   A  s a m p l e  



of  t h e   p r o d u c t   was  d r i e d   a t   100°C  in   a  v a c u u m   o v e n   a n d  

s h o w e d   95%  n o n - v o l a t i l e s .   T h a t   r e p r e s e n t s   91%  of  t h e  

t h e o r e t i c a l   y i e l d .   E l e m e n t a l   a n a l y s i s   g a v e   t h e   f o l l o w -  

i n g   r e s u l t s :  

NMR  ( p r o t o n )   and  e l e m e n t a l   a n a l y s i s   i n d i c a t e   t h e  

p r o d u c t   h a s   t h e   s t r u c t u r e   g i v e n   in   E x a m p l e   4 .  

E x a m p l e   1 2  

p r e p a r a t i o n   o f   M P I / D i a l l y l   I s o p h t h a l a t e   (DAIP)  A d d u c t  

A l l   o f   t h e   MPI  was  p l a c e d   in   a  r o u n d - b o t t o m   f l a s k ,  

s e t   in   a  w a t e r   b a t h   f o r   t e m p e r a t u r e   c o n t r o l .   Of  t h e  

DAIP,  600  ml .   w e r e   a d d e d   and  t h e   m i x t u r e   was  d e -  

o x y g e n a t e d .   The  m i x t u r e   was  h e a t e d   to   7 2  +   3°C,  a n d  

t h e   f o l l o w i n g   s c h e d u l e   of   a d d i t i o n s   was  f o l l o w e d :  



C h l o r i n a t i o n   of   A d d u c t  

The  a b o v e - d e s c r i b e d   a d d u c t   (4000  g)  and  1 , 1 , 2 - t r i -  

c h l o r o - 1 , 2 , 2 - t r i f l u o r o   e thane   (2775  g.)  were  p laced   in  a  r o u n d -  

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

and  h e a t e d   u n t i l   s t i r r a b l e ,   a p p r o x i m a t e l y   4 0 ° C .  

C h l o r i n e   (520  g)  was  a d d e d   b e l o w   t h e   s u r f a c e   of   t h e  

l i q u i d   o v e r   a  3 .5   h o u r   p e r i o d ,   w h i l e   t h e   t e m p e r a t u r e  

was  m a i n t a i n e d   b e t w e e n   35  and  5 0 ° C . ,   t h e n   1  l i t e r   o f  

w a t e r   was  a d d e d .   Over   a  p e r i o d   of   2 . 5   h o u r s ,   2200  m l .  

of  a  s a t u r a t e d   a q u e o u s   s o d i u m   b i s u l f i t e   s o l u t i o n   w e r e  

a d d e d   a t   a  t e m p e r a t u r e   in   t h e   r a n g e   b e t w e e n   3 2 - 5 0 ° C .  

W h i l e   c o o l i n g   so  as  to   m a i n t a i n   t h e   t e m p e r a t u r e   i n  

t h e   r a n g e   b e t w e e n   30  and  50°C ,   30%  a q u e o u s   s o d i u m  

h y d r o x i d e   was  a d d e d .   When  a f t e r   1 .5   h o u r s ,   t h e   pH 

r e a c h e d   5 . 4 ,   a d d i t i o n   o f   t h e   a q u e o u s   s o d i u m   h y d r o x i d e  

was  t e r m i n a t e d ,   1865  ml .   t h e r e o f   h a v i n g   b e e n   u s e d .  

D u r i n g   t h e   a d d i t i o n   of  t h e   s o d i u m   h y d r o x i d e   s o l u t i o n ,  

some  s a l t s   f o r m e d   i n s i d e   t h e   n e c k   of   t h e   f l a s k .   O n e  

l i t e r   of  w a t e r   was  u s e d   in   p e r i o d i c a l l y   r i n s i n g   t h e  

s a l t s   f r om  t h e   n e c k   of  t h e   f l a s k .   The  m i x t u r e   was  l e t  

s t a n d   f o r   0 .5   h o u r   and  t h e n   t h e   t o p   l a y e r   ( a q u e o u s )  

was  d r a w n   o f f .   W a t e r   (2900  m l . ) ,   1 , 1 , 2 - t r i c h l o r o -  

l , 2 , 2 - t r i f l u o r o m e t h a n e   (250  m l ) ,   i s o p r o p a n o l   (250  m l . )  

we re   a d d e d   and   t h e   m i x t u r e   was  a g i t a t e d   and  t h e n  

a l l o w e d   to   s t a n d .   The  p r o d u c t ,   in   s o l u t i o n   in   c h l o r o -  

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

b o t t o m .   The  p r o d u c t ,   w e i g h i n g   534  g  was  57.4%  s o l i d s  

(by  d r y i n g   in   vacuum  o v e n ,   9 0 - 1 0 0 ° C ) ,   c o r r e s p o n d i n g   t o  



3072  g.  of  p r o d u c t ,   a  83.6%  y i e l d .   The  p r o d u c t ,  
in   s o l u t i o n ,   i s   a  v e r y   p a l e   a m b e r   l i q u i d .   NMR  i s  

c o n s i s t e n t   w i t h   t h e   f o l l o w i n g   s t r u c t u r e :  



1.  A  c o m p o u n d   h a v i n g   t h e   f o r m u l a :  

w h e r e i n  

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

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

c y c l i c   and  c o n t a i n s   a t   l e a s t   3  c a r b o n s ;  
R1  i s   o p t i o n a l l y   s u b s t i t u t e d   a l k y l ,   a r y l ,   a r a l k y l ,  

c y c l o a l k y l ,   or   c y c l o a l k e n y l ;   a n d  

n  i s   a  n u m b e r   f r o m   1  t o   4 .  

2.  A  c o m p o u n d   of   C l a i m   1  w h e r e i n   Rf  i s   a  p e r f l u o r o -  

a l k y l   c o n t a i n i n g   3  t o   20  c a r b o n s ;   R1  i s   o p t i o n a l l y   s u b -  

s t i t u t e d   a l k y l ,   a r y l ,   a r a l k y l   or   c y c l o a l k y l   and   n  i s   2  t o  
4 .  

3.  A  c o m p o u n d   of   C l a i m   2  w h e r e i n   R1  i s   d e r i v e d   f r o m  

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

or   a  b e n z e n e   p o l y c a r b o x y l i c   a c i d .  

4.  A  c o m p o u n d   of   any   one  of   C l a i m s   1  to   3  w h e r e i n  

Rf  c o n t a i n s   4  t o   16  c a r b o n s .  

5.  A  c o m p o u n d   a c c o r d i n g   to   C l a i m   3  w h e r e i n   Rf  h a s   a n  

a v e r a g e   v a l u e   of   6  t o   8  c a r b o n s ,  

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

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

so  as  t o   p r o d u c e   an  e n d - p r o d u c t   c o m p o u n d   h a v i n g   t h e   f o r -  

m u l a :  

w h e r e i n  



Rf  i s   a  s a t u r a t e d ,   m o n o v a l e n t ,   n o n - a r o m a t i c  

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

or   c y c l i c   and  c o n t a i n s   a t   l e a s t   3  c a r b o n s ;  
R1  i s   o p t i o n a l l y   s u b s t i t u t e d   a l k y l ,   a r y l ,   a l -  

k e n y l ,   a r a l k y l ,   c y c l o a l k y l ,   or   c y c l o a l k e n y l ;   a n d  

n  i s   a  n u m b e r   f r o m   1  to   4 ;  

d u r i n g   s a i d   r e a c t i o n ,   s a i d   r e a c t a n t   c o m p o u n d   b e i n g   i n  

m o l t e n   f o r m   or   d i s s o l v e d   or   s u s p e n d e d   in   a  l i q u i d   m e d i u m  

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

7.  A  p r o c e s s   o f   C l a i m   6  w h e r e i n   Rf  i s   a  p e r -  

f l u o r o a l k y l   c o n t a i n i n g   3  to   20  c a r b o n s ;   R1  i s   o p t i o n a l l y  

s u b s t i t u t e d   a l k y l ,   a r y l ,   a r a l k y l  o r   c y c l o a l k y l   and  n  i s  

2  t o   4.  - 

8.  A  p r o c e s s   o f   C l a i m   7  w h e r e i n   Rf  i s   a  p e r -  

f l u o r o a l k y l   c o n t a i n i n g   3  t o   20  c a r b o n s ;   R1  i s   d e r i v e d   f r o m  

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

o r   a  b e n z e n e   p o l y c a r b o x y l i c   a c i d   and   n  i s   2  to   4 .  

9.  A  p r o c e s s   o f   any   one   of   C l a i m s   6  to   8 

w h e r e i n   Rf  c o n t a i n s   4  t o   16  c a r b o n s .  

10.   A  p r o c e s s   o f   c l a i m   9  w h e r e i n   Rf  h a s   a n  

a v e r a g e   v a l u e   o f   6  to   8  c a r b o n s .  

1 1 . .   A  p r o c e s s   f o r   i m p a r t i n g   o i l -   or   w a t e r -  

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

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

of   C l a i m   1 .  

12.  A  p r o c e s s   of   C l a i m   11  w h e r e i n   Rf  i s   a  p e r -  

f l u o r o a l k y l   c o n t a i n i n g   3  to   20  c a r b o n s ;   R1  i s   o p t i o n a l l y  

s u b s t i t u t e d   a l k y l , . a r y l ,   a r a l k y l   or   c y c l o a l k y l   and  n  i s  

2  t o   4 .  

13.   A  p r o c e s s   o f   C l a i m  1 2   w h e r e i n   R1  i s   d e r i v e d  

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

e n d i c ,   o r   a  b e n z e n e   p o l y c a r b o x y l i c   a c i d .  

14.  A  p r o c e s s   of   any   one  of   C l a i m s   11  to   13  

w h e r e i n   Rf  c o n t a i n s   4  to   16  c a r b o n s .  

1 5 .  A   p r o c e s s   o f   C l a i m   13  w h e r e i n   Rf  has   a n  

a v e r a g e   v a l u e   o f   6  to   8  c a r b o n s .  



16.  A  s u b s t r a t e   h a v i n g   a t   l e a s t   one  c o m p o u n d   o f  

C l a i m   1  d e p o s i t e d   t h e r e o n   and  e x h i b i t i n g   o i l -   or   w a t e r -  

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

17.  A  s u b s t r a t e   of   C l a i m   16  w h e r e i n R f  i s   a  p e r -  

f l u o r o a l k y l   c o n t a i n i n g   3  t o   20  c a r b o n s ;   R1  i s   o p t i o n a l l y  

s u b s t i t u t e d   a l k y l ,   a r y l ,   a r a l k y l   or   c y c l o a l k y l   and  n  i s  

2  t o   4 .  

18.  A  s u b s t r a t e   of   C l a i m   17  w h e r e i n   R1  i s  

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

c h l o r e n d i c ,   or   a  b e n z e n e   p o l y c a r b o x y l i c   a c i d .  

19.  A  s u b s t r a t e   of   any   of   C l a i m s   16  to   18 

w h e r e i n   Rf  c o n t a i n s   4  to   16  c a r b o n s .  

20.   A  s u b s t r a t e   o f   C l a i m   13  w h e r e i n   Rf  h a s   a n  

a v e r a g e   v a l u e   of   6  t o   8  c a r b o n s .  
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