
J »  

Europaisches  Pa ten tamt  

European  Patent  Office 

Office  europeen  des  brevets 

0  2 5 6   7 7 3  

A 2  
00  Publication  number: 

EUROPEAN  PATENT  APPLICATION 

(«)  IntCI.3:  B  41  M  5 / 2 6  @  Application  number:  87306938.9 

©  Date  of  filing:  05.08.87 

©  Priority:  14.08.86  US  896765 £)  Applicant:  MINNESOTA  MINING  AND 
MANUFACTURING  COMPANY 
3M  Center,  P.O.  Box  33427 
St.  Paul,  Minnesota  55133-3427(US) 

(72)  Inventor:  Whhcomb,  David  R.c/o  Minnesota  Mining  and 
Manufacturing  Company  2501  Hudson  Road 
P.O.  Box  33427  St.  Paul  Minnesota  55133(US) 

(72)  Inventor:  Bjork,  Jon  A.  c/o  Minnesota  Mining  and 
Manufacturing  Company  2501  Hudson  Road 
P.O.  Box  33427  St.  Paul  Minnesota  55133IUS) 

(74)  Representative:  Baillie,  lain  Cameron  et  al, 
c/o  Ladas  &  Parry  Isartorplatz  5 
D-8000Mfinchen2(DE) 

@  Date  of  publication  of  application: 
24.02.88  Bulletin  88/8 

@  Designated  Contracting  States: 
BE  CH  DE  FR  GB  IT  LI 

@  Thermal  imaging  materials. 
(57)  Thermographic  materials  are  colorless  when  unexposed, 
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These  combinations  of  materials  show  high  stability  at 
ambient  temperatures. 
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THERMAL  IMAGING  MATERIALS 

BACKGROUND  OF  THE  INVENTION 
5  1.  F i e l d   of  t he   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  t h e r m o g r a p h i c   m a t e r i a l s .  

More  p a r t i c u l a r l y   i t   r e l a t e s   to  s u b s t a n t i a l l y   c o l o r l e s s  

t h e r m o g r a p h i c   l a y e r s   on  a  s u b s t r a t e .   Many  e x i s t i n g   c o m p o s i -  
t i o n s   e x h i b i t   a  y e l l o w   or  brown  c o l o r   c a s t   w h i c h   is   c a u s e d  

10  by  c o l o r e d   t h e r m a l l y   s e n s i t i v e   m e t a l   c o m p o u n d s   such   as  i r o n  

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

In  c o m m e r c i a l   a p p l i c a t i o n s ,   t h e r m a l l y   d e v e l o p e d  
15  l a b e l s   a r e   s o u g h t   w h i c h   no t   o n l y   p r o v i d e   v i s i b l e   i m a g e s   b u t  

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

u s i n g   n e a r   i n f r a r e d   r a d i a t i o n   ( N I R ) .   The  i m a g e s   r e s u l t i n g  
f rom  c a t e c h o l s   w i t h   c e r t a i n   s u b s t i t u e n t s   e x h i b i t   low  d i s -  

c r i m i n a t i o n   in  t h e   NIR.  O t h e r   c a t e c h o l s   g i v e   good  d i s c r i m -  

20  i n a t i o n   b o t h   v i s u a l l y   and  to  N I R .  

2.  B a c k g r o u n d   of  t he   A r t  

For  many  y e a r s   h e a t - s e n s i t i v e   i m a g i n g   s h e e t s   h a v e  

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

25  and  t h e r m a l   l a b e l i n g .   Many  of  t h e s e   m a t e r i a l s   i n v o l v e  

t h e r m a l l y   i n c r e a s i n g   the   r e a c t i v i t y   of  two  or  more  c o m p o n -  
e n t s   of  a  c o l o r   f o r m i n g   r e a c t i o n   w h i c h   do  no t   r e a c t   a t  

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

by  m e l t i n g   of  one  or  b o t h   r e a c t a n t s   w h i c h   a r e   p h y s i c a l l y  

30  s e p a r a t e d   f rom  one  a n o t h e r .   S e p a r a t i o n   i s   a c c o m p l i s h e d  

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

s i t u a t e d   in  two  d i f f e r e n t   c o a t e d   l a y e r s .   S e v e r a l   g e n e r a l  

c l a s s e s   of  c o l o r   f o r m i n g   r e a c t a n t s   have  been   u s e d ,   of  w h i c h  

two  common  ones   a r e   a)  l e u c o   l a c t o n e   or  s p i r o p y r a n   c o m p o u n d s  

35  r e a c t a b l e   w i t h   p h e n o l i c   c o m p o u n d s   ( e . g .   U.S .   3 , 8 2 9 , 4 0 1   a n d  

U.S .   3 , 8 4 6 , 1 5 3 )   and  b)  h e a v y   m e t a l   s a l t s   of  o r g a n i c   a c i d s  
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r e a c t a b l e   w i t h   l i g a n d s   to  g i v e   c o l o r e d   c o m p l e x e s   ( e . g .   U . S .  

2 , 6 6 3 , 6 5 4 ,   U .S .   3 , 0 9 4 , 6 2 0 ,   U.S .   3 , 2 9 3 , 0 5 5   and  U . S .  

3 , 9 5 3 , 6 5 9 ) .  

C o m m e r c i a l   p r e f e r e n c e   fo r   t h e   h e a v y   m e t a l   s a l t  

5  c l a s s   has   o f t e n   r e s u l t e d   f rom  the   h i g h   s t a b i l i t y   and  n e a r  
b l a c k   c o l o r   of  t he   i m a g e s   p r o d u c e d   ( U . S .   4 , 5 3 1 , 1 4 1 ) .   Of  t h e  

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

f e r r i c   i r o n   a p p e a r s   to  be  p r e f e r r e d   ( U . S .   2 , 6 6 3 , 6 5 4 ,   U . S .  

3 , 9 5 3 , 6 5 9   and  U.S .   4 , 5 3 1 , 1 4 1 ) .  

10  Two  o b j e c t i o n s   r a i s e d   to  the   f e r r i c   s a l t   -  

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

u n r e a c t e d   f e r r i c   s a l t   and  the   b a c k g r o u n d   s t a i n   o f t e n  

e x p e r i e n c e d   b e c a u s e   of  t he   i n s i d i o u s ,   s l ow   r e a c t i o n   of  t h e  

two  r e a c t a n t s   on  s t o r a g e   or  d u r i n g   c o a t i n g .   I n d e e d ,   i f   t h e  

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

room  t e m p e r a t u r e   ( U . S .   3 , 4 4 2 , 6 8 2 ,   U .S .   4 , 5 3 1 , 1 4 1 ) .   T h e  

f i r s t   o b j e c t i o n   has   l e d   to  the   use   of  w h i t e   f i l l e r s   ( U . S .  

4 , 5 3 1 , 1 4 1 )   or  o t h e r   i n c i d e n t   l i g h t   s c a t t e r i n g   d e v i c e s   ( e . g . ,  

" b l u s h i n g "   t he   s u r f a c e   of  t he   l a y e r   as  in  U .S .   3 , 9 5 3 , 6 5 9 )   t o  

20  r e d u c e   the   o b s e r v e d   c o l o r   t i n t   of  the   c o a t e d   l a y e r .   T h e  

s e c o n d   o b j e c t i o n   has   l e d   to  the   use  of  s t a b i l i z i n g   c o m p o u n d s  

a d d e d   to  t he   r e a c t i v e   l a y e r   (U .S .   2 , 6 6 3 , 6 5 4 ,   U .S .   3 , 4 4 2 , 6 8 2 )  

and  more  p a r t i c u l a r l y   to  the   p h y s i c a l   s e p a r a t i o n   of  t he   t w o  

r e a c t a n t s   ( U . S .   4 , 5 3 1 , 1 4 1 )   e i t h e r   by  d i s p e r s i o n   as  s e p a r a t e  

25  m i c r o - p a r t i c l e s   ( U . S .   2 , 6 6 3 , 6 5 4 ,   U .S .   3 , 0 9 4 , 6 2 0 ,   U . S .  

3 , 1 1 1 , 4 2 3 ,   and  U .S .   3 , 2 9 3 , 0 5 5 )   or  by  s e p a r a t i n g   the   r e a c -  
t a n t s   in  d i s t i n c t   b u t   a d j a c e n t   l a y e r s   ( U . S .   3 , 1 1 1 , 4 2 3   a n d  

U . S .   3 , 4 4 2 , 6 8 2 ) .  

As  i n d i c a t e d   e a r l i e r ,   a  c o n s i d e r a b l e   l i s t   of  h e a v y  

30  m e t a l s   has   b e e n   u s e d   in  t h e i r   o r g a n i c   a c i d   s a l t   fo rm  to  g i v e  

t h e r m o g r a p h i c   i m a g e s   ( U . S .   3 , 1 1 1 , 4 2 3   and  U.S .   3 , 2 9 3 , 0 5 5 ) .  

Some  h e a v y   m e t a l s   g i v i n g   c o l o r l e s s   s a l t s   have   b e e n   u s e d   a n d  

w i l l   be  f o u n d   a m o n g s t   t h o s e   l i s t e d   in  t h e s e   two  r e f e r e n c e s .  

S u c h   h e a v y   m e t a l s   ( e . g . ,   z i n c ) ,   h o w e v e r ,   mus t   be  r e a c t e d  

35  w i t h   l i g a n d s   w h i c h   t h e m s e l v e s   c o n t r i b u t e   c o l o r   to  t he   i m a g e  
and  may  i n d e e d   have   a  c o l o r   c a s t   b e f o r e   r e a c t i o n .   T h e s e  
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h e a v y   m e t a l s   have   no t   s u c c e s s f u l l y   p r o v i d e d   s a t i s f a c t o r y  

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

g i v e   a  deep   n e a r   b l a c k   c o l o r   on  t h e r m a l   e x p o s u r e .  

Thus  the   a r t   d i s c u s s e d   so  f a r   shows  c o n s i s t e n t  

5  i n t e r e s t   in  two  p r o b l e m s   of  f e r r i c   c h e l a t e   i m a g i n g   (a)  t h e  

c o l o r e d   n a t u r e   of  f e r r i c   o r g a n i c   a c i d   s a l t s   and  (b)  t h e  

d i f f i c u l t y   in  c o n t r o l l i n g   t he   room  t e m p e r a t u r e   r e a c t i v i t y   o f  

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

More  r e c e n t l y   t h e r e   has   b e e n   i n t e r e s t   e v i n c e d   i n  

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

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

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

f e r r i c   i r o n   a re   known  in  t he   a r t   to  be  a m o n g s t   t he   f e w  

c o l o r l e s s   f e r r i c   s a l t s   (  Smythe   et   a l . ,   J.  I n o r g .   N u c l .  

15  C h e m . ,   3J1  1 5 5 3 - 1 5 6 1 ,   ( 1 9 6 8 ) ) .   In  U.S .   4 , 5 3 3 , 9 3 0   i t   i s  

d i s c l o s e d   t h a t   such   o r g a n o p h o s p h a t e s   and  the   e q u i v a l e n t  

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

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

o r g a n o p h o s p h i n i c   a c i d   and  o r g a n o p h o s p h o n i c   a c i d s   a r e  

20  i n c l u d e d .   Some  of  t h e s e   o r g a n o p h o s p h a t e s   and  many  of  t h e  

t h i o p h o s p h a t e s   have   some  c o l o r   c a s t   b e f o r e   r e a c t i o n   w h i c h  

a p p e a r s   to  be  o b s c u r e d   by  t he   use   of  w h i t e   f i l l e r   in  t h e  

t h e r m o s e n s i t i v e   c o m p o s i t i o n s .   In  the   t h e r m o g r a p h i c   m a t e -  

r i a l s   d i s c l o s e d ,   t he   r e a c t i o n   of  t he   f e r r i c   s a l t   w i t h   t h e  

25  l i g a n d   a t   a m b i e n t   t e m p e r a t u r e s   is   p r e c l u d e d   by  e i t h e r   d i s -  

p e r s i n g   e a c h   r e a c t a n t   in  m i c r o p a r t i c u l a t e   form  in  the   b i n d e r  

or  by  p r o v i d i n g   s e p a r a t e   b u t   a d j a c e n t   l a y e r s   f o r   t h e   t w o  

r e a c t a n t s .   These   c o n d i t i o n s   a re   e x p l i c i t l y   i d e n t i f i e d   i n  

the   c l a i m s   by  the   w o r d i n g   " s a i d   m e t a l   compound   and  s a i d  

30  l i g a n d   compound   b e i n g   p h y s i c a l l y   s e p a r a t e d   f rom  o n e  

a n o t h e r . . . " .   A l s o   in  t h i s   p a t e n t   t h e r e   a r e   d i s c l o s e d  

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

the   two  r e a c t a n t s   is   e n c a p s u l a t e d   as  a  s o l v e n t   s o l u t i o n .  

When  the   m i c r o c a p s u l e s   a re   b u r s t   by  p r e s s u r e ,   the   r e a c t a n t s  

35  come  in  c o n t a c t   and  i m m e d i a t e l y   r e a c t   a t   room  t e m p e r a t u r e   t o  

g i v e   a  c o l o r e d   r e s u l t .   T h i s   p a t e n t   f u r t h e r   d i s c l o s e s   t h e  
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use   of  f e r r i c   o r g a n o p h o s p h a t e s   c o n t a i n i n g   o r g a n i c   a c i d  

m o i e t i e s   as  f o r m e d   by  t he   a q u e o u s   r e a c t i o n   of  a  f e r r i c   s a l t ,  

an  a l k a l i   m e t a l   o r g a n o p h o s p h a t e ,   and  an  a l k a l i   m e t a l   s a l t   o f  

an  o r g a n i c   a c i d .   T h e s e   a r e   d i s c l o s e d   as  g i v i n g   the   i n i t i a l  

5  m a t e r i a l   b e t t e r   " c o l o r   f o r m i n g   p r o p e r t i e s "   and  g i v i n g   b e t t e r  

image   c o l o r s   ( C o l u m n   5  l i n e s   3 8 - 3 9 )   t h a n   the   s i m p l e   o r g a n o -  
p h o s p h a t e s .   E x c e s s   o r g a n i c   a c i d   s a l t   is   d i s c l o s e d   a s  

d e g r a d i n g   the   w h i t e   c o l o r .   I t   is  of  s i g n i f i c a n c e   t h a t   t h e  

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

10  in  t h e   p r e p a r a t i o n   to  be  i m p o r t a n t .   In  f a c t   t h e y   s p e c i f i -  

c a l l y   m e n t i o n   f e r r i c   c h l o r i d e   and  f e r r i c   s u l f a t e   (Column  6 

l i n e s   1 0 - 1 7 )   and  a l l   of  t h e i r   e x a m p l e s   use   f e r r i c   c h l o r i d e .  

SUMMARY  OF  THE  INVENTION 

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

a r e   c o l o r l e s s   when  u n e x p o s e d   and  a re   s t a b l e   a t   room  t e m p e r a -  
t u r e s   b u t   g i v e   i n t e n s e   d a r k   c o l o r s   when  e x p o s e d   to  e l e v a t e d  

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

20  l e a s t   two  t h e r m a l   r e a c t a n t s   wh ich   r e a c t   w i t h   one  a n o t h e r ,   a t  

e l e v a t e d   t e m p e r a t u r e s ;   one  of  t h e s e   r e a c t a n t s   is   in  s o l i d  

s o l u t i o n   in  the   b i n d e r ,   t he   o t h e r   is  d i s p e r s e d   in  m i c r o -  

p a r t i c u l a t e   form  in  t he   b i n d e r .   D e s p i t e   i n t i m a t e   c o n t a c t  

b e t w e e n   the   two  r e a c t a n t s ,   no  r e a c t i o n   o c c u r s   u n t i l   t h e  

25  t e m p e r a t u r e   is  e l e v a t e d   w e l l   above  room  t e m p e r a t u r e .  
The  m i c r o p a r t i c u l a t e   r e a c t a n t   is   c h o s e n   f rom  a  

c l a s s   of  f e r r i c   i r o n   c o m p l e x e s   in  wh ich   the   l i g a n d   is   c h o s e n  

f rom  o r g a n o p h o s p h a t e s ,   o r g a n o p h o s p h i n a t e s ,   and  o r g a n o p h o s -  

p h o n a t e s   w h i c h   a r e   c o l o r l e s s   and  wh ich   r e a c t   w i t h   t he   s e c o n d  

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

i s   c h o s e n   f rom  the   c l a s s   of  c a t e c h o l s   i n c l u d i n g   p o l y c a t e -  
c h o l s   c h a r a c t e r i z e d   by  b e i n g   c o l o r l e s s .   B i s - c a t e c h o l s   a r e  

p a r t i c u l a r l y   p r e f e r r e d .  

The  t h e r m o g r a p h i c   l a y e r s   a re   c o a t e d   or  e x t r u d e d  

35  f rom  c o a t i n g   m i x e s   u s i n g   n o n - a q u e o u s   s o l v e n t s ,   w h i c h  
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s o l v e n t s   e n a b l e   e f f i c i e n t   m i l l i n g   of  t he   f e r r i c   o r g a n o p h o s -  

p h a t e s ,   and  p r o v i d e   a  s o l u t i o n   m i x t u r e   of  the   b i n d e r   and  t h e  

c a t e c h o l .  

A  p r i n c i p a l   a s p e c t   of  t he   i n v e n t i o n   i s   to  p r o v i d e  
5  c o l o r l e s s   t h e r m o g r a p h i c   s h e e t s   w h i c h   g i v e   d a r k   c o l o r e d  

i m a g e s   when  a d d r e s s e d   w i t h   e l e v a t e d   t e m p e r a t u r e s .  

An  a s p e c t   of  the   i n v e n t i o n   is   to  p r o v i d e   c o l o r l e s s  

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

A  f u r t h e r   a s p e c t   of  the   i n v e n t i o n   is   to  p r o v i d e  

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

the   p r o c e s s   of  c o a t i n g   and  d r y i n g   l a y e r s   on  a  s u b s t r a t e .  

Yet  a n o t h e r   a s p e c t   of  t he   i n v e n t i o n   is   to  p r o v i d e  

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

e x h i b i t i n g   good  d i s c r i m i n a t i o n   when  e x a m i n e d   w i t h   n e a r  

15  i n f r a r e d   r a d i a t i o n   ( N I R ) .  

S t i l l   a n o t h e r   a s p e c t   of  the   i n v e n t i o n   i s   to  p r o -  
v i d e   c o l o r l e s s   t h e r m o g r a p h i c   s h e e t s   w h i c h   g i v e   b l a c k   t h e r m a l  

i m a g e s   e x h i b i t i n g   good  v i s u a l   d i s c r i m i n a t i o n   and  a l s o   g o o d  

NIB  d i s c r i m i n a t i o n .  

20  I r o n ( I I I )   is  the   p r e f e r r e d   m e t a l   f o r   t he   t h e r m a l  

r e a c t i o n   w i t h   c a t e c h o l   s i n c e   i t   is   c a p a b l e   of  o x i d i z i n g   t h e  

c a t e c h o l   and  g e n e r a t i n g   i r o n   c o m p l e x e s   t h a t   a r e   b o t h   b l a c k  

in  the   v i s i b l e   and  s t r o n g l y   a b s o r b i n g   in  the   n e a r   i n f r a r e d .  

D e f i n i t i o n s :   -  

25  " p o l y c a t e c h o l "   m o l e c u l e s   c o n t a i n i n g   more  t h a n   o n e  

o - d i h y d r o x y b e n z e n e   m o i e t y ,   the   m o i e t i e s   b e i n g   c o n n e c t e d   b y  

an  o r g a n i c   c o n n e c t i n g   l i n k   w h i c h   does   n o t   p r o v i d e   e l e c t r o n i c  

i n t e r a c t i o n   b e t w e e n   the   m o i e t i e s ,   s u c h   as  a  s a t u r a t e d  

o r g a n i c   g r o u p   ( e . g . ,   a l k y l ,   c y c l o a l k y l ) .   T h i s   g r o u p  

30  i n c l u d e s   b i s c a t e c h o l s   . 
" f e r r i c   o r g a n o p h o s p h a t e "   c o m p o u n d s   of  the   f o r m  

F e ( O 2 P ( O R ) 2   )3 
whe re   R  i s   an  o r g a n i c   m o i e t y   such   as  a l k y l ,   a r y l ,   a l p h y l ,  

a l i c y c l i c   g r o u p s ,   e t c .  

35  " f e r r i c   a l k y l p h o s p h a t e "   as  above   whe re   R  i s   a n  

a l k y l   m o i e t y .  
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" e h e l a t e "   in  t h i s   c a s e   r e f e r s   to  t h e   c a t e c h o l   a n d  

is   n o r m a l l y   b i d e n t a t e   b u t   may  be  p o l y d e n t a t e .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

5  U .S .   4 , 5 3 3 , 9 3 0   d i s c l o s e s   a  wide  r a n g e   of  f e r r i c  

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

in   t h e r m o g r a p h i c   r e a c t i o n s   w i t h   a  r a n g e   of  l i g a n d s .   They  a -  

re  p r e s e n t e d   as  g i v i n g   much  w h i t e r   b a c k g r o u n d s   t h a n   f e r r i c  

s a l t s   p r e v i o u s l y   u s e d   in  t h i s   a r t .   I t   i s   c l e a r   f rom  t h e  

10  e x a m p l e s   and  c o n f i r m e d   f rom  our   own  i n v e s t i g a t i o n s   t h a t   t h e  

o r g a n o t h i o p h o s p h a t e s   a r e   h i g h l y   c o l o r e d   and  d a r k .   F u r t h e r -  

m o r e ,   a  g r e a t   many  of  t h e i r   e x a m p l e s   u s i n g   o r g a n o p h o s p h a t e s  
r e c o r d   a p p r e c i a b l e   c o l o r a t i o n   of  the   c o m p o u n d s   and  w h i t e n e s s  

l e v e l s   a r e   a c h i e v e d   by  t he   use   of  f i l l e r s   s u c h   as  z i n c  

15  o x i d e ,   a l u m i n u m   h y d r o x i d e ,   and  c a l c i u m   c a r b o n a t e .  

T h i s   i n v e n t i o n   d e f i n e s   a  p r e f e r r e d   n a r r o w   r a n g e   o f  

f e r r i c   o r g a n o p h o s p h a t e s   w h i c h   a re   e n t i r e l y   c o l o r l e s s ,   s o m e  
of  w h i c h   a r e   e n c o m p a s s e d   by  the   d i s c l o s u r e   of  U .S .   4 , 5 3 3 , 9 3 0  

( I )   w h e r e a s   o t h e r s   a r e   n o t   ( I I ) .   These   c o m p o u n d s   a r e  

20  d i - a l k y l p h o s p h a t e s   and  h a v e   s t r u c t u r e s   c h o s e n   f rom  t h e  

g e n e r a l   f o r m u l a e  

F e [ O O P ( O R ) 2 ] 3   ( I )  

and  Fe [OOP(OR)2   ]3  -X  ( I I )  

25  
in  w h i c h   e a c h   R  i s   s e l e c t e d   i n d e p e n d e n t l y   f r o m   a l k y l   g r o u p s  
and  s u b s t i t u t e d   a l k y l   b e a r i n g   s u b s t i t u e n t s   s u c h   as  t h o s e  

s e l e c t e d   f rom  a l k y l ,   c y c l o a l k y l ,   and  a r y l   p r o v i d i n g   t h a t  

s u c h   s u b s t i t u e n t s   do  n o t   a c t   as  l i g a n d s   or  c h e l a t e s   f o r  

3Q  f e r r i c   i o n s .  

P r e f e r a b l y   R  i s   s e l e c t e d   f rom  t he   g r o u p  

r e p r e s e n t e d   by  t h e   f o r m u l a  

« f H 2 > c - H  

35  - ( C H 2 ) a - C H - ( C H 2 ) b - H  
w h e r e   b>a ,   b>c ,   c  i s   1  to  10,  and  3 < = a + b < = 1 8 ,   a n d  
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X  is   s e l e c t e d   f rom  F ~ , P F 6 " ,   Ph4  B~  ,  BF4" ,   N03~,   a n d  

C14H29SOl"  

( w h e r e   Ph  »  p h e n y l   ) 

Our  p r e f e r r e d   c o m p o u n d   is   in  f o r m u l a   I  w i t h   a = l ,   b=4,   a n d  

5  c = 2 .  

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

too   h i g h l y   c o l o r e d   and  c a n n o t   p r o d u c e   c o l o r l e s s   b a c k g r o u n d s .  

D i a l k y l p h o s p h a t e s   a r e   t he   p r e f e r r e d   l i g a n d   f o r   i r o n ( I I I )  

s i n c e   t he   r e s u l t i n g   c o m p l e x e s   a re   c o m p l e t e l y   c o l o r l e s s .  

10  Mixed  d i a l k y l p h o s p h a t e / c a r b o x y l a t e   i r o n   c o m p l e x e s   can  b e  

made  to  be  l e s s   c o l o r e d   t h a n   i r o n   c a r b o x y l a t e s ,   b u t   t h e y  
s t i l l   r e t a i n   u n d e s i r a b l e   c o l o r   b e c a u s e   of  the   p r e s e n c e   o f  

the   c a r b o x y l a t e .   The  i r o n   c o m p l e x e s   of  the   s u l f u r   a n a l o g u e s  

of  t he   c a r b o x y l a t e s ,   p h o s p h a t e s ,   and  t h e i r   m i x t u r e s   a r e  

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

b l a c k ,   m a t e r i a l s .  

I f   t r i a l k y l p h o s p h a t e s   a r e   u s e d   as  t he   ma in   l i g a n d ,  

s u f f i c i e n t l y   s t a b l e   i r o n   c o m p l e x e s   do  n o t   f o r m ,   and  i f  

m o n o a l k y l p h o s p h a t e s   (as   w e l l   as  i n o r g a n i c   p h o s p h a t e s )   a r e  

2 Q U s e d ,   g e n e r a l l y   u n d e s i r a b l e ,   e x t e n s i v e   c r o s s l i n k i n g   o c c u r s  
b e t w e e n   m e t a l   c e n t e r s   s u c h   t h a t   the   r e s u l t i n g   i r o n  

o r g a n o p h o s p h a t e   is   too   s t a b l e   to  r e a c t   w i t h   t he   c a t e c h o l .  

A r o m a t i c   p h o s p h a t e s   o f t e n   p r o v i d e   an  i r o n   c o m p l e x   t h a t   i s  

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

25  d i a l k y l p h o s p h a t e s .  
The  mos t   p r e f e r r e d   o r g a n o p h o s p h a t e   l i g a n d s   a r e  

b r a n c h e d   c h a i n   d i a l k y l p h o s p h a t e s ,   and  e s p e c i a l l y   d i - 2 -  

e t h y l h e x y l p h o s p h a t e   (DEHP).   L i n e a r   c h a i n   d i a l k y l p h o s p h a t e s  

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

,Q  c a t e c h o l s   bu t   a r e   g e n e r a l l y   too  u n r e a c t i v e   ( t o o   h i g h l y  

c r o s s l i n k e d )   to  p r o v i d e   s u f f i c i e n t   image  d e n s i t y .   T h e  

b r a n c h   on  the   main   c h a i n   s h o u l d   be  s u f f i c i e n t l y   l o n g   a n d  

' s u f f i c i e n t l y   c l o s e   to  t he   m e t a l   c e n t e r   t h a t   c r o s s l i n k i n g  

b e t w e e n   m e t a l   c e n t e r s   is   i n h i b i t e d .   On  the  o t h e r   h a n d ,   t h e  

,,-  b r a n c h   s h o u l d   no t   be  too  l o n g   or  too  c l o s e   to  the   p h o s p h o r u s  

c e n t e r   s i n c e   i r o n   t h a t   is   i n c o m p l e t e l y   r e a c t e d   w i t h   t h e  
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p h o s p h a t e   may  r e s u l t   in  a  c o l o r e d   i r o n   s o u r c e ,   and  w o u l d  

p r o b a b l y   be  too   r e a c t i v e   in  the   c o a t i n g   s o l u t i o n .   From  a  

p r a c t i c a l   a s p e c t ,   the   i d e a l   s t r u c t u r e   i s   i l l u s t r a t e d   b y  

DEHP.  The  r a n g e   f o r   the   s i d e   c h a i n   l e n g t h   m i g h t   be  b e s t   p u t  

5  a t   a b o u t   1 - 1 0 ,   t he   f u r t h e r   f rom  t he   c o n n e c t i o n   p o i n t   to  t h e  

p h o s p h o r o u s   the   l o n g e r   t he   c h a i n .   The  l e n g t h   of  the   m a i n  

c h a i n   i s   b e s t   i l l u s t r a t e d   by  DEHP,  t h a t   i s ,   a r o u n d   6 - 1 0 .  

C h a i n s   as  l o n g   as  18  a re   the   p r a c t i c a l   maximum  due  to  t h e  

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

10  d e n s i t y   ( i . e . ,   m o l e c u l a r   w e i g h t   b e c o m e s   i m p r a c t i c a l l y   h i g h ) .  

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

c o m p l e x e s .  

A l k y l   p h o s p h i n i c   a c i d s   ( i n   w h i c h   the   a l k y l   g r o u p s  
a r e   a t t a c h e d   d i r e c t l y   to  t he   p h o s p h o r u s )   show  good  t h e r m a l  

15  r e a c t i v i t y   w i t h   t he   c a t e c h o l s   bu t   a r e   n o t   p r e f e r r e d   o v e r   t h e  

a l k y l p h o s p h a t e s .   A p p a r e n t l y   t he   h i g h e r   pKa  ( i n s u f f i c i e n t l y  

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

o l i g o m e r i c   c o m p l e x .   F e r r i c   p r o p y l ( 2 - e t h y l h e x y l ) p h o s p h i n a t e ,  
f e r r i c   c y c l o h e x y l ( 2 - e t h y l h e x y l   ) p h o s p h i n a t e ,   and  f e r r i c  

2o  d i c y c l o h e x y l p h o s p h i n a t e   have   been   made  and  f o u n d   to  b e  

t h e r m a l l y   r e a c t i v e   w i t h   c a t e c h o l s .   D i a l k y l - p h o s p h o n i c   a c i d s  

(one   R  g r o u p   a t t a c h e d   d i r e c t l y   to  t h e   p h o s p h o r u s ,   t he   o t h e r  

a t t a c h e d   v i a   o x y g e n )   have   p K a ' s   in  b e t w e e n   d i a l k y l p h o s p h a t e s  

and  d i a l k y l p h o s p h i n i c   a c i d s   bu t   have   n o t   been   shown  to  b e  

25  u s e f u l .   DEHP  n o t   o n l y   w o r k s   w e l l ,   i t   i s   c o m m e r c i a l l y   a v a i l -  

a b l e   in  l a r g e   q u a n t i t i e s   of  r e l a t i v e l y   good  p u r i t y .  

Fe(DEHP)3  is   p r e f e r r e d   in  t he   i r o n   o r g a n o p h o s p h a t e  
s e r i e s .   I t   is   c o m p l e t e l y   c o l o r l e s s ,   a  m a j o r   i m p r o v e m e n t  

o v e r   t he   i r o n   c a r b o x y l a t e s   and  m i x e d   c a r b o x y l a t e / o r g a n o -  

30  p h o s p h a t e   i r o n   c o m p l e x e s .   In  a d d i t i o n ,   u n l i k e   the   g e n e r a l  

s t r a i g h t   c h a i n   d i a l k y l p h o s p h a t e   i r o n   c o m p l e x e s ,   i t   is  v e r y  
t h e r m a l l y   r e a c t i v e   w i t h   the   b i s - c a t e c h o l s   .  I t   is  a l s o  

i n s o l u b l e   in  t he   o r g a n i c   s o l v e n t s   r e q u i r e d   to  c o a t   t h i s   t y p e  
of  t h e r m a l   i m a g i n g   c o n s t r u c t i o n ,   u n l i k e   m i x e d  

tc  c a r b o x y l a t e / o r g a n o p h o s p h a t e   i r o n   c o m p l e x e s .  
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The  c h e l a t e   c o m p o u n d s   wh ich   we  s e l e c t   as  t h e r m a l  

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

l e s s ,   to  be  n o n - r e a c t i v e   w i t h   the   i r o n   c o m p o u n d s   a t   r o o m  

t e m p e r a t u r e s   even   on  i n t i m a t e   c o n t a c t ,   to  be  r a p i d l y  
5  r e a c t i v e   a t   e l e v a t e d   t e m p e r a t u r e s   above   a b o u t   60°C,   and  t o  

be  e a s i l y   s o l u b l e   in  o r g a n i c   s o l v e n t s   w h i c h   a r e   a l s o  

s o l v e n t s   f o r   t he   b i n d e r   u s e d .   In  t h i s   i n v e n t i o n   t h e s e  

c h e l a t e s   a r e   p r e f e r a b l y   c h o s e n   f rom  p o l y c a t e c h o l s   a n d  

h e a v i l y   b a l l a s t e d   m o n o c a t e c h o l s .  

10  Common  c a t e c h o l s   a re   too  r e a c t i v e   to  be  u s e d   w i t h  

t he   p r e f e r r e d   i r o n   s o u r c e   in  the   p r e f e r r e d   c o n s t r u c t i o n .  

P o l y h y d r o x y   c a t e c h o l s   a r e   s i m i l a r l y   too   r e a c t i v e   to  b e  

p r e f e r r e d .  

The  p r e f e r r e d   c a t e c h o l s   a re   t h o s e   in  w h i c h   t w o  

15  c a t e c h o l   ( s p e c i f i c a l l y   o - d i h y d r o x y b e n z e n e )   g r o u p s   a r e   p a r t  
of  t he   same  m o l e c u l e   bu t   in  w h i c h   the   c o n n e c t i n g   g r o u p  
i n s u r e s   minimum  e l e c t r o n i c   i n t e r a c t i o n   b e t w e e n   the   c a t e c h o l  

r i n g s .   They  s h o u l d   n o t   t h e r e f o r e   be  p a r t s   of  t he   s a m e  
a r o m a t i c   r i n g   s y s t e m .   The  p r e f e r r e d   c o n n e c t i o n   b e t w e e n  

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

t h e y   w o u l d   be  too  r e a c t i v e .   A r o m a t i c   l i n k a g e s   a l s o   g i v e  

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

r e q u i r e m e n t   t h a t   the   c h e l a t e   be  c o l o r l e s s .   F u s e d   r i n g  

25  c o n n e c t i o n s ,   as  i l l u s t r a t e d   by  the   p r e f e r r e d   c a t e c h o l ,  

a r e   e x c e l l e n t .   P r e p a r a t i o n   of  t h i s   c o m p o u n d ,   1 , 1 ' -  

s p i r o b i [ - l H - i n d e n e ] - 5 ,   5 ' - 6 , 6 - t e t r o l - 2 ,   2'  3  ,  3  f - t e t r a h y d r o - 3   .  3  . 
3'  3,  ' - t e t r a m e t h y l ,   is   known  in  the   a r t .   H e t e r o a t o m i c   f u s e d  

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

30  in  F o r m u l a   I I I .  

35 
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w h e r e   A  i s   a  s a t u r a t e d   r i n g   s y s t e m   o p t i o n a l l y   c o n t a i n i n g  

h e t e r o   a t oms   s u c h   as  N,  O,  S,  a n d  

R 2 ,  R 3 ,  10  R  i  R  /  R  and  R  a r e   i n d e p e n d e n t l y   c h o s e n   f r o m  

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

( d o n a t i n g   or  a c c e p t i n g )   of  t he   OH  g r o u p s   on  t h e   r i n g .   S u c h  

g r o u p s   i n c l u d e ,   b u t   a r e   n o t   l i m i t e d   to  H;  h a l o g e n   (F,  C l f  

Br ,   and  I ) ;   g r o u p s   w i t h   no  more  t h a n   10  a t o m s   in  t h e  

15  b a c k b o n e   s t r u c t u r e   s e l e c t e d   f rom  C,  N,  S  and  0,  ( w h i c h   m a y  
of  c o u r s e   be  f u r t h e r   s u b s t i t u t e d   by  a d d i t i o n a l   g r o u p s   s u c h  

as  h a l o g e n ) ;   and  a l i p h a t i c   g r o u p s   of  up  to  20  c a r b o n   a t o m s  

( e . g . ,   a l k y l ,   e t h e r s ,   t h i o e t h e r s ,   e t c . )   The  h e t e r o g r o u p s  
w i t h   up  to  10  c a r b o n   a t o m s   i n c l u d e s   h e t e r o c y c l i c   a n d  

20  a r o m a t i c   g r o u p s   as  w e l l   as  l i n e a r   and  b r a n c h e d   g r o u p s .  

P r e f e r a b l y   t h e s e   g r o u p s   do  no t   p r o v i d e   an  a c i d   h y d r o g e n .  

P r e f e r a b l y   the   g r o u p s   a r e   no t   c h o s e n   f rom  s u b s t i t u e n t s  

c o m p r i s i n g   an  a c i d i c   h y d r o g e n   l i n k e d   to  the   a r o m a t i c   r i n g  

t h r o u g h   a  s i n g l e   a tom  c h o s e n   f rom  0,  S,  and  N,  a n d  

25  The  two  c a t e c h o l   u n i t s   need  n o t   be  s y m m e t r i c a l   i n  

t h e i r   s u b s t i t u e n t s   or  t h e i r   p o s i t i o n i n g .  

The  p o s i t i o n   of  t he   o - h y d r o x y   c h e l a t e   s i t e  

r e l a t i v e   to  t he   c o n n e c t i o n   s i t e   b e t w e e n   the   two  c a t e c h o l  

g r o u p s   i s   n o t   c r i t i c a l .   S u b s t i t u e n t s   s u c h   as  -OH,  -SH,  a n d  

3Q  -NH2  w h i c h   c o n t a i n   a c i d i c   h y d r o g e n   can  p r o d u c e   h i g h  

r e a c t i v i t y   of  t he   o - d i h y d r o x y   s u b s t i t u e n t s   and  a re   t h e r e f o r e  

n o t   p r e f e r r e d   in  t h i s   i n v e n t i o n .  

M o l e c u l e s   c o n t a i n i n g   more  t h a n   two  c a t e c h o l   g r o u p s  
a r e   a l s o   a c c e p t a b l e ,   as  l o n g   as  the  c o n n e c t i n g   l i n k a g e  

25  b e t w e e n   the   c a t e c h o l s   m e e t s   the   above  r e q u i r e m e n t s .   Thus  i n  

1 0  

2 5  

30  "NH2 



0 2 5 6 7 7 3  
@11- 

f o r m u l a e   IV,  and  V  o l i g o m e r s   or  p o l y m e r s   a r e   i l l u s t r a t e d  

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

IV  

n 

10 

w h e r e   R  ,  R  a re   as  d e f i n e d   a b o v e  
R4  is   a  c a p p i n g   s u b s t i t u e n t   p r e f e r a b l y   -H  or  a l k y l  
R1  is  a  b i v a l e n t   l i n k i n g   g r o u p   p r e f e r a b l y  

a l k y l e n e ,   or  a  c h a i n   w h i c h   may  c o n t a i n   N,  S,  0,  bu t   may  b e  

15  p h e n y l e n e , n a p h t h y l e n e   or  c o m b i n a t i o n s   of  t h e s e   w i t h   t h e  

p r o v i s o   t h a t   R1  does   no t   f a c i l i t a t e   e l e c t r o n i c   i n t e r a c t i o n  

b e t w e e n   t he   c a t e c h o l   m o i e t i e s ,   a n d  

n  is   an  i n t e g e r   of  2  or  m o r e .  

20  

V 

OH 25  

R 3 ,  w h e r e   R w h e r e   R  ,  R  ,  and  R  a re   d e f i n e d   a b o v e ,  

G  is  a  u n i t   in  a  p o l y m e r   c h a i n   c h o s e n   f rom  h y d r o -  

30  c a r b o n s ,   a l k y d ,   a c r y l o i d ,   p o l y e s t e r ,   p h e n o l   f o r m a l d e h y d e  
r e s i n s   e t c .   w h i c h   a re   m i s c i b l e   w i t h   the   b i n d e r   u s e d ,   and  m 
is   an  i n t e g e r   of  3  or  m o r e ,  

R1  is  e i t h e r   as  d e f i n e d   a b o v e ,   or  i f   G  does   n o t  
f a c i l i t a t e   e l e c t r o n i c   i n t e r a c t i o n   b e t w e e n   c a t e c h o l   m o i e t i e s ,  

35  t h e n   R1  need   no t   be  r e s t r i c t e d   in  t h i s   way  and  in  a d d i t i o n  
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to   t he   d e f i n i t i o n   a b o v e   may  be  c h o s e n   f rom  a  s i n g l e   bond  a n d  

t h e   g r o u p s   d e f i n e d   f o r   R  ,  R  and  R  a b o v e .  

H o n o c a t e c h o l s   a r e   in  g e n e r a l   too   r e a c t i v e   f o r   u s e  

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

5  w i t h   a  n o n - r e a c t i v e   b a l l a s t i n g   g r o u p   such   c a t e c h o l s   can  b e  

u s e d .   F o r m u l a   VI  r e p r e s e n t s   s u c h   b a l l a s t e d   m o n o c a t e c h o l s  

u s e f u l   in  t h i s   i n v e n t i o n .  

R2 

10  R l - - ^ t \  

R5  ^  

OH 
:i7 

1 5  

w h e r e   R2  ,  R3  and  R5  a r e   d e f i n e d   a b o v e   and  R7  i s   an  a l k y l  
c h a i n   of  e i g h t   or  more  c a r b o n   a t o m s .  

The  s u b s t i t u e n t   g r o u p s   R2  ,  R3  ,  R4  ,  R5  ,  and  R6  m a y  
s e r v e   t h r e e   f u n c t i o n s :   a)  s t e r i c a l l y   c o n s t r a i n   t h e   m o l e c u l e  

20  to   e n h a n c e   or  i n h i b i t   i n t e r a c t i o n s   b e t w e e n   the   r e a c t e d   m e t a l  

c e n t e r s ,   b)  m o d i f y   the   s o l u b i l i t y   and  m e l t i n g   p o i n t   of  t h e  

c a t e c h o l ,   and  c)  m o d i f y   t he   e l e c t r o n i c   c h a r a c t e r   of  t h e  

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

to  t he   c h e l a t i n g   s i t e .  

25  One  of  t he   mos t   i m p o r t a n t   f u n c t i o n s   of  t h e   R  g r o u p  
i s   t he   c o n t r o l   of  t he   e l e c t r o n i c   p r o p e r t i e s   of  t h e   c a t e c h o l ,  

in   o r d e r   to  c o n t r o l   t he   c o l o r   of  t h e   f i n a l   i m a g e .   C o m m o n l y  
known  e l e c t r o n   d o n a t i n g   R  g r o u p s   ( s u c h   as  a l k y l ,   mono-   o r  

d i - a l k y l   s u b s t i t u t e d   a m i n o ,   a l k o x y ,   e t c .   )  e n a b l e   t h e  

30  c a t e c h o l   to  be  o x i d i z e d   more  r e a d i l y   by  the   i r o n ,   w h i c h   i s  

i m p o r t a n t   f o r   o b t a i n i n g   the   i n f r a r e d   a b s o r p t i o n   p r o p e r t i e s  

( a t   905  nm  in  p a r t i c u l a r )   n e e d e d   f o r   bar   code  r e a d e r s .   A 

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

C o n v e r s e l y ,   commonly   known  e l e c t r o n   w i t h d r a w i n g   R  g r o u p s  

35  ( s u c h   as  n i t r o ,   ammonium,   h a l o g e n ,   e t c . )   i n h i b i t   o x i d a t i o n  

of  t he   c a t e c h o l   by  the   i r o n .   The  r e s u l t i n g   c o m p l e x   w i l l  
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t e n d   to  r e m a i n   a  v i o l e t - b l u e .   The  c o m b i n a t i o n   of  c a t e c h o l s  

c o n t a i n i n g   b o t h   e l e c t r o n   d o n a t i n g   and  e l e c t r o n   w i t h d r a w i n g  

g r o u p s   p r o v i d e s   for   an  i m a g i n g   c o n s t r u c t i o n   t h a t   i s   a b l e   t o  

g e n e r a t e   b o t h   a  d e s i r a b l e   b l a c k   v i s i b l e   image  and  a  h i g h  
5  c o n t r a s t   image   in  the   n e a r   i n f r a r e d .   The  c o n n e c t i n g   l i n k a g e  

b e t w e e n   the   c a t e c h o l   g r o u p s   may  be  u s e d   to  c o n t r o l   a l l   t h r e e  

f u n c t i o n s ,   a)  -  c ) ,   i f   the   R  g r o u p s   a re   b u i l t   i n t o   t h e  

c o n n e c t i n g   l i n k a g e .  
The  p r o p e r   c h o i c e   of  t he   s u b s t i t u e n t s   on  e a c h  

10  c a t e c h o l   in  t he   b i s - c a t e c h o l   or  p o l y c a t e c h o l   m o l e c u l e   c a n  

g i v e   the   d e s i r e d   m i x t u r e   of  v i s i b l e   and  NIR  a b s o r p t i o n  

p r o p e r t i e s .   A l t e r n a t i v e l y   t he   p h y s i c a l   m i x t u r e   of  c a t e c h o l s  

w i t h   the   d i f f e r e n t   s u b s t i t u e n t s   can  g i v e   s i m i l a r   r e s u l t s .  

A  number   of  b i s - c a t e c h o l s   a re   a v a i l a b l e   c o m m e r -  
15  c i a l l y   e . g . ,   n o r d i h y d r o g u a i a r e t i c   a c i d .  

20  HO  OH 

P r e p a r a t i o n   of  p o l y c a t e c h o l s   is  d i s c l o s e d   i n  

R o d g e r s   e t   a l .   J.  A.  C.  S . ,   107 ,   4094  ( 1 9 8 5 )   and  in  A n d e r s o n  

&  H i l l e r ,   " D e v e l o p m e n t   of  I r o n   C h e l a t o r s   fo r   C l i n i c a l   U s e "  

25  DHEW  P u b l .   No.  (NIH)  7 6 - 9 9 4   p.  137.   These   p o l y c a t e c h o l s   may  
be  r e p r e s e n t e d   by  the   f o r m u l a :  

30  
\ A   /   V  

OH  OH 

w h e r e i n   B  c o m p r i s e s   t he   a toms   in  an  o r g a n i c  

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

t he   i n c l u d e d   c a t e c h o l   m o i e t y   or  m o i e t i e s   and  m  is   1  to  1 0 ,  
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p r e f e r a b l y   1  to  4.  B  i s   p r e f e r a b l y   c o m p r i s e d ,   gf  C  a.nd  N 

r i n g   a t o m s   and  is   mare   p r e f e r a b l y   s e l e c t e d   f r o m  

O H   H O  
II  I  I  Ii 

*  n 

w h e r e i n   n  i s   1  to  20,  p r e f e r a b l y   1  to  4.  R o d g e f B   gt  a l , ,  

s u p r a ,   shows  t he   f o r m a t i o n   e l   m e n e m e r i ,   d i m t E i ,   f c r i m t r s ,  

t e t r a m e r s ,   p e n t a m e r s ,   and  h e x s m e r g   h a v i n g   t h e s e  

10  d i a m i n o a l k i n e   l i n k a g e s .  

Of  p a r t i c u l a r   i m p o r t a n c e   to  t h i s   i n v e n t i o n   is   t h a t  

the   e h e l a t e   and  the   b i n d e r   a re   s o l u b l e   in  a  common  s o l v e n t  

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

c h e l a t e   r e m a i n s   in  s o l i d   s o l u t i o n   in  the   b i n d e r .   The  f e r r i c  

15  a l k y l p h o s p h a t e s   a r e   n o t   s o l u b l e   e i t h e r   in  t h e   s o l v e n t   or  i n  

the   b i n d e r   and  a re   t h u s   d i s p e r s e d   in  the   l a t t e r   as  m i c r o -  

p a r t i c l e s   w h i c h   a re   in   i n t i m a t e   c o n t a c t   w i t h   t he   c h e l a t e   i n  

s o l i d   s o l u t i o n .   T h e s e   two  r e a c t a n t s   e x h i b i t   v e r y   p o o r   r e a c -  

t i v i t y   even   a t   e l e v a t e d   t e m p e r a t u r e s   i f   t h e y   a r e   p h y s i c a l l y  

2o  s e p a r a t e d   in  the   b i n d e r   by  u s i n g   d i s p e r s e d   m i c r o p a r t i c l e s   o f  

the  c h e l a t e   as  w e l l   as  the   f e r r i c   a l k y l p h o s p h a t e .   In  t h e  

p r a c t i c e   of  t h i s   i n v e n t i o n   t h e s e   c l a s s e s   of  c h e l a t e   e x h i b i t  

v e r y   low  r e a c t i v i t y   a t   room  t e m p e r a t u r e   b u t   good  r e a c t i v i t y  

a t   e l e v a t e d   t e m p e r a t u r e s .  

25  B i n d e r s   s u i t a b l e   in  t h i s   i n v e n t i o n   a r e   p o l y -  

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

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

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

G e n e r a l l y   t he   r e s i n s   mus t   be  m i s c i b l e   w i t h   n o n - a q u e o u s  

on  s o l v e n t s   and  have   a  m e l t i n g   p o i n t   a b o v e   t he   r e a c t i o n   t e m p e r -  
a t u r e   of  t he   f e r r i c   compound   and  c h e l a t e .   The  b i n d e r   s h o u l d  

a l s o   be  t r a n s p a r e n t .  

A  c o a t i n g   c o m p o s i t i o n   s u i t a b l e   to  make  a  t h e r m a l  

r e c o r d i n g   s h e e t   can  be  made  in  the   f o l l o w i n g   m a n n e r .   T h e  

35  f e r r i c   a l k y l p h o s p h a t e   (I  or  I I )   is  d i s p e r s e d   in  a  s o l v e n t  

such   as  a c e t o n e ,   m e t h y l   e t h y l   k e t o n e ,   e t h a n o l ,   e t c . ,   by  b a l l  
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m i l l i n g ,   fa  t h i i   d i s p e r s i o n   a  p o l y m e r   b i n d e r   and  a  § h § l § f e §  

( I I I ,   jv   v  qp  v i )   feefeh  s e l u b l e   in  the   e h e § § n   §e lv§nfe   § £ §  

a d d e d   and  a g i t a t e d   u n t i l   d i n e l v i d ,   fh§  s e a t i n g   e e r o p e s i t i e n  

may  t h e n   be  c o a t e d   on  a  s u i t a b l e   § u b § t f § t e   and  d r i e d   a t  

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

S u b s t r a t e s   w h i e h   may  b§  u s e d   a r e   f i l m s   ef  t r a n s -  

p a r e n t ,   o p a l e s c e n t ,   or  o p a q u e   p o l y m e r s ,   p a p e r ,   o p t i o n a l l y  

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

The  s u b s t r a t e   must   be  s t a b l e   and  u n d i s t o r t e d   a t   t he   t h e r m a l  

10  r e a c t i o n   t e m p e r a t u r e s   w h i c h   a re   p r e f e r a b l y   b e t w e e n   60°  a n d  

200°C  and  more  p r e f e r a b l y   b e t w e e n   80°  and  1 5 0 ° C .  

We  have  f o u n d   t h a t   the   p r e p a r a t i o n   of  the   c o l o r -  

l e s s   f e r r i c   o r g a n o p h o s p h a t e   c o m p o u n d s   I  i s   no t   as  s i m p l e   a s  

U .S ,   4 , 5 3 3 , 9 3 0   s u g g e s t s .   T h e i r   m e t h o d   i n v o l v e s   m i x i n g  

15  a q u e o u s   s o l u t i o n s   of  an  a l k a l i   m e t a l   s a l t   of  the   o r g a n o p h o s -  

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

as  h y d r o c h l o r i c   and  s u l f u r i c ,   w h i c h   r e s u l t s   in  a  p r e c i p i t a t e  

of  t he   f e r r i c   o r g a n o p h o s p h a t e .   I t   has  been   f o u n d   t h a t  

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

20  s l i g h t l y   c o l o r e d   p r e c i p i t a t e   even   w i t h   a l k y l   p h o s p h a t e s  
w h e r e a s   t h o s e   f rom  f e r r i c   n i t r a t e   a re   c o m p l e t e l y   c o l o r l e s s .  

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

g i v e   c o m p o u n d s   I  and  I I .  

F e r r i c   a l k y l p h o s p h a t e   c o m p o u n d s   II   w h e r e  

25  X  =  f l u o r i d e ,   h e x a f l u o r o p h o s p h a t e   ,  t e t r a p h e n y l -  

b o r a t e ,   t e t r a f l u o r o b o r a t e ,   t e t r a d e c y l s u l f a t e ,   a n d  

n i t r a t e   . 
T h i s   may  be  p r e p a r e d   by  m i x i n g   r e q u i r e d   e q u i v a l e n t  

q u a n t i t i e s   in  a q u e o u s   s o l u t i o n   of  f e r r i c   n i t r a t e ,   a l k a l i  

30  m e t a l   s a l t   of  the   a l k y l p h o s p h o r i c   a c i d ,   and  the   a l k a l i   m e t a l  

s a l t   of  the   a c i d   HX.  Compound  II  t h e n   p r e c i p i t a t e s .  

When  X  =  a c e t a t e ,   h o w e v e r ,   the   a c e t a t e   ion  is   t o o  

s o l u b l e   in  w a t e r   to  r e m a i n   a t t a c h e d   to  the   f e r r i c   a l k y l p h o s -  

p h a t e   and  the   r e s u l t   i s   the   compound   I  a g a i n .   If   t h e  

35  f e r r i c   n i t r a t e   and  a l k a l i   m e t a l   a l k y l p h o s p h a t e   a r e  
d i s s o l v e d   in  g l a c i a l   a c e t i c   a c i d ,   t h e n   compound   II  fo r   X  = 
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n i t r a t e   i s   p r e c i p i t a t e d .   T h i s   c o m p o u n d   and  the   f l u o r i d e   m a y  
a l s o   be  p r e p a r e d   u s i n g   e t h y l   a l c o h o l   as  s o l v e n t   and  a d d i n g  

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

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

5  I t   i s   of  i n t e r e s t   to  n o t e   t h a t   the   d i s c l o s u r e   o f  

U . S .   4 , 5 3 3 , 9 3 0   s a y s   t h a t   any  c a r b o x y l i c   or  t h i o c a r b o x y l i c  

a c i d   may  be  u s e d   to  form  " c o m p o s i t e   i r o n   s a l t "   by  r e a c t i n g  

f e r r i c   c h l o r i d e ,   an  o r g a n i c   p h o s p h o r i c   a c i d   and  t h e  

c a r b o x y l i c   a c i d   in  an  a q u e o u s   med ium.   The  p a t e n t   s a y s   t h a t  

10  n o n - w h i t e   s a l t s   a r e   p r e c i p i t a t e d   i f   t he   c a r b o x y l i c   a c i d   i s  

in  e x c e s s .   T h e i r   p r e f e r r e d   c a r b o x y l i c   a c i d s   c o n t a i n   5  o r  

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

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

f o r m   ( l e a v i n g   t h i o   e q u i v a l e n t s   a s i d e )  

15  

Fe (OOPR'_   ) ( O O C R )  
*  y  *» 

•  w h e r e   y  +  x  «  3  and  R,  R'  can  be  a  wide   r a n g e   of  a l i p h a t i c  
and  a r o m a t i c   s u b s t i t u e n t s .   R  »  CH3  c a n n o t   be  o b t a i n e d   b y  

2o  t h e i r   p r e p a r a t i o n   as  we  have   d i s c l o s e d   a b o v e .  

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

f e r r i c   a l k y l p h o s p h a t e s   I  and  I I .  

E x a m p l e   A 

25  P r e p a r a t i o n   of  F e ( D E H P ) 3  
1.  The  m e t h o d   is   s i m i l a r   to  ( b u t   u s i n g   f e r r i c  

n i t r a t e   i n s t e a d   of  f e r r i c   s u l f a t e )   t he   l i t e r a t u r e  

p r e p a r a t i o n   of  L.  E.  S m y t h e ,   T.  L.  W h a t e l e y   and  R.  L.  W e r n e r  

( J .   I n o r g .   N u c l .   Chem.  ,  jH^,  1553  ( 1 9 6 8 ) ) .   To  2 .0   g  KOH  i n  

30  1 7 5 . 0   ml  H2O  is   a d d e d   1 0 . 0   g  DEHP.  T h i s   s o l u t i o n   is   a d d e d  

o v e r   5  m i n u t e s   to  35 .0   ml  of  w a t e r   c o n t a i n i n g   4 .0   g 

Fe(NO3  )3  «9H2  O  w i t h   v i g o r o u s   s t i r r i n g .   The  m i x t u r e   i s  

s t i r r e d   10  m i n u t e s ,   f i l t e r e d ,   w a s h e d   in  f r e s h   w a t e r   w i t h  

s t i r r i n g ,   f i l t e r e d   and  d r i e d   u n d e r   v a c u u m   at  70°C  to  a  

35  c o n s t a n t   w e i g h t .   A n - o f f   w h i t e   s o l i d   i s   o b t a i n e d   .  T h e  

i n f r a r e d   s p e c t r u m   shows  the   e x p e c t e d   p h o s p h a t e   s t r e t c h e s ,   a s  
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w e l l   as  s m a l l   a m o u n t s   of  OH,  and  t he   c h a r a c t e r i s t i c   e t h y l  

g r o u p   p r e s e n c e   a t   1 4 6 6 . 1   cm"1.   The  D i f f e r e n t i a l   S c a n n i n g  

C a l o r i m e t e r   (DSC)  r e v e a l e d   a  m e l t i n g   p o i n t   e n d o t h e r m   of  t h i s  

c o m p l e x   a t   1 2 0 ° C .  

5  2.  To  1 .0   l i t e r s   of  w a t e r   i s   a d d e d   1 6 . 8   g  KOH. 

To  a  s e p a r a t e   1 .5   l i t e r s   of  w a t e r   i s   d i s s o l v e d   1 1 . 0   g  NaBF4  , 
t h e n   38 .2   g  Fe(NO3  )3  •  9H2O.  W h i l e   t he   i r o n   s a l t   i s  

d i s s o l v i n g ,   9 7 . 7   g  DEHP  is  a d d e d   to  the   r a p i d l y   s t i r r e d   KOH 
@  s o l u t i o n .   The  t h i c k   p h o s p h a t e   s o l u t i o n   i s   a d d e d   r a p i d l y   t o  

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

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

and  d r i e d .   I t   i s   i m p o r t a n t   t h a t   t he   s o u r c e   of  i r o n ( I I I )   i s  

n o t   f e r r i c   c h l o r i d e   as  i t   g i v e s   a  y e l l o w   p r o d u c t .   DSC  s h o w s  

a  m e l t i n g   p o i n t   e n d o t h e r m   of  the   m a t e r i a l   a t   1 4 5 ° C .   T h e  

15  i n f r a r e d   s p e c t r u m   of  a  vacuum  d r i e d   ( room  t e m p e r a t u r e )  

s a m p l e   r e v e a l s   the   e x p e c t e d   p h o s p h a t e   s t r e t c h e s ,   bu t   u n l i k e  

1  ( a b o v e )   t h e r e   is   no  p r e s e n c e   of  OH. 

3.  Example   Al  may  a l s o   be  c a r r i e d   ou t   a t   e l e v a t e d  

t e m p e r a t u r e s   ( 6 0 ° C )   w i t h   no  d i s a d v a n t a g e o u s   e f f e c t s .   T h e  

20  same  e n d o t h e r m   b e h a v i o u r   in  t he   DSC  is  o b t a i n e d   as  in  A l .  

E x a m p l e   B 

P r e p a r a t i o n   of  Fe(DEHP)3  ( n i t r a t e )  

P o w d e r e d   Fe(NO3  )  3  '9H2O,  8 0 . 8   g,  i s   d i s s o l v e d   i n  

25  800  ml  g l a c i a l   a c e t i c   a c i d .   As  soon   as  a  c l e a r   s o l u t i o n   i s  

o b t a i n e d ,   1 9 3 . 0   g  b i s - (   2 - e t h y l h e x y l   ) p h o s p h a t e   (DEHP)  i s  

a d d e d   in  a  r a p i d   d r o p w i s e   manne r   w i t h   v i g o r o u s   s t i r r i n g .  

L e s s   t h a n   a  s t o i c h i o m e t r i c   amoun t   of  DEHP  g i v e s   a  m o r e  

c o l o r e d   p r o d u c t ;   an  e x c e s s   of  DEHP  is   no t   d i s a d v a n t a g e o u s .  

3Q  The  w h i t e   p r o d u c t   is   f i l t e r e d ,   w a s h e d   w i t h   a c e t i c   a c i d   a n d  

d r i e d   u n d e r   v a c u u m .   The  a p p r o x i m a t e   y i e l d   is  84%.  T h e  

p r o d u c t   is   f o u n d   to  be  r u b b e r y   and  may  be  r e c r y s t a l l i z e d   b y  

p r e c i p i t a t i o n   f rom  c y c l o h e x a n e   by  a c e t o n e .   I f   FeCl3  is   u s e d  

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

-,c  r e s u l t s .  
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A l t e r n a t i v e   p r e p a r a t i o n   f rom  e t h a n o l :   To  40  ml  o f  

a b s o l u t e   e t h a n o l   i s   a d d e d   2 .0   g  Fe(NO3  )3  -9H2  0.  U p o n  

d i s s o l u t i o n ,   5 .0   g  DEHP  a re   a d d e d ,   and  the   c l e a r   s o l u t i o n  

s t i r r e d   5  m i n u t e s .   An  a q u e o u s   s o l u t i o n   of  p o t a s s i u m   a c e t a t e  

5  ( 0 . 5   g  in  4 . 5   g  H2O)  is   a d d e d   d r o p w i s e .   The  m i x t u r e   i s  

s t i r r e d   2  m i n u t e s ,   f i l t e r e d ,   r e d i s p e r s e d   in  w a t e r ,   s t i r r e d  

an  a d d i t i o n a l   20  m i n u t e s ,   f i l t e r e d   and  v a c u u m   d r i e d .   T h e  

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

a c i d .  

10  C h a r a c t e r i z a t i o n :   The  i n f r a r e d   s p e c t r u m   c l e a r l y  

shows  t he   c o o r d i n a t e d   o r g a n o p h o s p h a t e   ( 1 0 0 0 - 1 2 0 0   cm-1)   a n d  

n i t r a t e   ( 1 5 5 1 . 0   cm-1  a s y m m e t r i c   s t r e t c h ,   t he   s y m m e t r i c  

s t r e t c h   i s   u n d e r   o t h e r   p e a k s ) ,   and  the   a b s e n c e   of  F e - O - F e  

s t r e t c h e s .   DSC  shows  a  s m a l l   e x o t h e r m   c e n t e r e d   a r o u n d   2 1 5 ° C  

15  f o l l o w e d   by  t he   main  e n d o t h e r m   c e n t e r e d   a t   2 8 2 ° C .   T h e  

c o m p l e x   i s   r e a d i l y   s o l u b l e   in  c y c l o h e x a n e ,   and  i s   a n  
e x c e l l e n t   f i l m   f o r m i n g   m a t e r i a l   when  c o a t e d   on  a  s u b s t r a t e  

( c l e a r ,   c o l o r l e s s   f i l m ) .   E l e m e n t a l   a n a l y s i s   i s   c o n s i s t e n t  

w i t h   t h e   p r e s e n c e   of  one  n i t r a t e ,   and  c o n f i r m s   t h e   3 :1   P : F e  

2o  r a t i o .   M a g n e t i c   s u s c e p t i b i l i t y   d e t e r m i n e d   by  t he   E v a n ' s   NMR 

m e t h o d   ( J .   Chem.  S o c ,   2003  ( 1 9 5 9 ) ,   d e m o n s t r a t e s   a  h i g h   s p i n  
i r o n   c o m p l e x .   The  c o m p l e x   was  a l s o   f o u n d   to  be  c o n d u c t i v e  

in  c y c l o h e x a n e   s o l u t i o n .  

25  E x a m p l e   C 

P r e p a r a t i o n   of  F e ( D E H P ) 3 F  
1.  To  5 0 0 . 0   g  H2O  is   a d d e d   6 .0   g  KOH.  To  a  

s e p a r a t e   5 0 0 . 0   g  H2O  is   a d d e d   1 2 . 0   g  Fe(NO3  )3  «9H2O  f o l l o w e d  

by  0 . 6 2   g  NaF.  To  t he   a q u e o u s   b a s e   s o l u t i o n   is   a d d e d   32 .0   g 

3Q  DEHP,  w h i c h   i s   t h e n   a d d e d   r a p i d l y   to  the   m e c h a n i c a l l y  
s t i r r e d   i r o n   s o l u t i o n .   The  p u r e   w h i t e   i r o n   c o m p l e x   i s  

f i l t e r e d ,   w a s h e d   and  vacuum  d r i e d .  

2.  To  300  ml  e t h a n o l   i s   a d d e d   1 6 . 1 3   g  

Fe(NO3  )3  -9H2O.  Upon  d i s s o l u t i o n ,   40 .0   g  DEHP  is   a d d e d  

25  r a p i d l y   d r o p w i s e   (3  m i n u t e s ) .   The  c l e a r   s o l u t i o n   i s   s t i r r e d  

5  m i n u t e s   t h e n   3 .2  g  NaF  in  32  g  H2  0  a r e   a d d e d   d r o p w i s e   ( 5  
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m i n u t e s ) .   The  w h i t e   s o l i d   is  s t i r r e d ,   t h e n   d i l u t e d   w i t h   4 0 0  

ml  H20,  s t i r r e d   30  m i n u t e s   and  f i l t e r e d .   A  c o l o r l e s s   s o l i d  

r e s u l t s .   E l e m e n t a l   a n a l y s i s   is   c o n s i s t e n t   w i t h   a  3 : 1 : 1  

P : F e : F   r a t i o .  

5 

E x a m p l e   D 

P r e p a r a t i o n   of  Fe(DEHP)3  (  t e t r a d e c y l s u l f a t e )  
A  m i x t u r e   of  1 . 06   g  t e t r a d e c y l s u l f a t e   in  100  g  H O  

w i t h   1 .2   g  Fe(NO3  )3  «9H2O  y i e l d s   an  o r a n g e   p r e c i p i t a t e   w h i c h  

10  i s   i m m e d i a t e l y   t r e a t e d   w i t h   3 .2   g  DEHP  and  0 .6   g  KOH  in  50 

ml  H2O.  A f t e r   s t i r r i n g   3  days   a  w h i t e   s o l i d   is   f i l t e r e d   a n d  
a i r   d r i e d .   The  i n f r a r e d   s p e c t r u m   is   c o n s i s t e n t   w i t h   t h e  

p r o p o s e d   m a t e r i a l .  

15  E x a m p l e   E 

P r e p a r a t i o n   of  Fe(DEHP)3  (  t e t r a p h e n y l b o r a t e )  
To  1 .1   g  s o d i u m   t e t r a p h e n y l b o r a t e   and  1 .0   g 

Fe(NO3  )3  «9H2O  in  40  ml  H2O  is  a d d e d   r a p i d l y   3 .2  g  DEHP  a n d  

0 . 7 3   g  KOH  in  80  ml  H2O.  The  m i x t u r e   is   f i l t e r e d ,   d i s p e r s e d  

20  in  w a t e r ,   s t i r r e d ,   f i l t e r e d   and  a i r   d r i e d .   The  i n f r a r e d  

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

E x a m p l e   F 

P r e p a r a t i o n   of  Fe(DEHP)3  (Fe(CN)6   ) 

25  T h i s   e x a m p l e   i l l u s t r a t e s   t h a t   t he   c h o i c e   of  t h e  

c o u n t e r   i on   i s   i m p o r t a n t   in  d e t e r m i n i n g   t he   c o l o r   of  t h e  

c o m p l e x .   B e c a u s e   i t   is  c o l o r e d ,   t h i s   c o m p l e x   is   n o t  

p r e f e r r e d   in  t h i s   i n v e n t i o n .  

To  2 5 . 0   g  H2O  is  a d d e d   0 . 6 1   g  KOH,  3 .2   g  DEHP  a n d  

30  t h e n   1 .2   g  K4  (Fe (CN)6   )  -3H2O.  A  t o t a l   of  1 .2   g  Fe(NO3  )3  •  9H2  0  

a r e   a d d e d ,   and  the   m i x t u r e   s h a k e n   o v e r   6  d a y s .   A  b r o w n  

s o l i d   r e s u l t s   w h i c h   is   f i l t e r e d   and  d r i e d .   I t   e x h i b i t s   a n  
i n f r a r e d   s p e c t r u m   t h a t   shows  t he   p r e s e n c e   of  the   p h o s p h a t e  
and  the   Fe(CN)6  g r o u p s .  

35  
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The  f o l l o w i n g   a r e   e x a m p l e s   of  t he   p r e p a r a t i o n   o f  

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

E x a m p l e   G 

5  P r e p a r a t i o n   of  f e r r i c   n - p r o p y l ( 2 - e t h y l h e x y l ) p h o s p h i n a t e  

To  a  s o l u t i o n   of  25  g  of  n - p r o p y l d i c h l o r o p h o s -  

p h i n e o x i d e   in  300  ml  of  p e t r o l e u m   e t h e r ,   28  g  o f  

d i e t h y l a m i n e   in  150  ml  of  p e t r o l e u m   e t h e r   was  a d d e d   o v e r   4 

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

10  t h e   r e m a i n i n g   n - p r o p y l   ( d i e t h y l a m i n e   ) c h l o r o p h o s p h i n e   o x i d e  

was  d i s t i l l e d   o f f   u n d e r   v a c u u m .  

The  G r i g n a r d   of  l - b r o m o - 2 - e t h y l h e x a n e   (31  g)  w a s  

p r e p a r e d   in  e t h e r ,   and  2 6 . 4   g  of  the   n - p r o p y l   (  d i e t h y l a m i n e   ) -  

c h l o r o p h o s p h i n e   o x i d e   was  a d d e d   to  i t   a t   room  t e m p e r a t u r e  

15  and  r e f l u x e d   f o r   72  h o u r s .   The  r e s u l t i n g   s o l u t i o n   w a s  
t r e a t e d   w i t h   5M  h y d r o c h l o r i c   a c i d   and  r e f l u x e d   o v e r n i g h t .  

On  c o o l i n g   t he   n - p r o p y l   ( 2 - e t h y l h e x y l ) p h o s p h i n i c   a c i d   w a s  
e x t r a c t e d   w i t h   p e t r o l e u m   e t h e r   and  d i s t i l l e d   to  g i v e   a  
c o l o r l e s s   l i q u i d   ( B . P .   =  1 7 2 - 1 8 0 ° C   a t   0 . 1 2   mm  H g ) .  

20  To  1 .3   g  of  Fe(NO3  )3  -9H2O  d i s s o l v e d   in  5  g  o f  

g l a c i a l   a c e t i c   a c i d ,   2 .7   g  of  the   p r e p a r e d   o r g a n o p h o s p h i n i c  
a c i d   was  a d d e d .   T h i s   s o l u t i o n   was  d i l u t e d   w i t h   9  p a r t s   o f  

w a t e r   r a p i d l y .   The  f e r r i c   n - p r o p y l   ( 2 - e t h y l h e x y l ) p h o s p h i n a t e  

a p p e a r e d   as  a  w h i t e   s o l i d   p r e c i p i t a t e   w h i c h   was  f i l t e r e d  

25  o f f ,   w a s h e d   w i t h   w a t e r ,   and  d r i e d   in  a i r .  

E x a m p l e   H 

P r e p a r a t i o n   of  f e r r i c   d i c y c l o h e x y l p h o s p h i n a t e  

The  d i c y c l o h e x y l p h o s p h i n i c   a c i d   was  made  by  t h e  

30  m e t h o d   d i s c l o s e d   in   Smythe   e t   a l . ,   s u p r a .   A  s o l u t i o n   of  1 . 3  

g  of  Fe(NO3  )3  "9H2O  d i s s o l v e d   in  50  ml  w a t e r   was  p r e p a r e d .  

In  a  s o l u t i o n   of  0 . 6 6   g  of  KOH  in  10  g  of  w a t e r ,   2 . 3 5   g  o f  

t h e   p h o s p h i n i c   a c i d   was  d i s s o l v e d .   T h i s   was  d i l u t e d   w i t h   50 

ml  w a t e r   and  a d d e d   r a p i d l y   to  the   s o l u t i o n   of  f e r r i c  

35  n i t r a t e .   A  f i n e   y e l l o w   p r e c i p i t a t e   o c c u r e d   w h i c h   w a s  
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f i l t e r e d   o f f ,   w a s h e d   w i t h   w a t e r ,   and  a i r   d r i e d   to  g i v e   t h e  

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

E x a m p l e   I  

5  P r e p a r a t i o n   of  f e r r i c   c y c l o h e x y K   2 - e t h y l h e x y l ) p h o s p h i n a t e  

U s i n g   the   m e t h o d   d e s c r i b e d   in  E x a m p l e   G,  30  g  o f  

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

n - p r o p y l   d i c h l o r o p h o s p h i n e   o x i d e   to  g i v e   a  t h i c k   c o l o r l e s s  

o i l .   The  w h i t e   f e r r i c   c y c l o h e x y l ( 2 - e t h y l h e x y l   ) p h o s p h i n a t e  

10  was  o b t a i n e d   by  t he   t r e a t m e n t   d e s c r i b e d   in  E x a m p l e   H. 

The  f o l l o w i n g   a re   e x a m p l e s   of  t h e r m o g r a p h i c  
m a t e r i a l s   a c c o r d i n g   to  t h i s   i n v e n t i o n .  

15  D e f i n i t i o n   of  Terms  u s e d   in  E x a m p l e s  

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

u n i m a g e d   s h e e t   u s i n g   a  MacBeth   RD504  or  M a c B e t h   T R 9 2 4  

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

I . D .   -  Maximum  o p t i c a l   r e f l e c t i o n   d e n s i t y   of  t h e  

20  image  a r e a s .  

-  T h i s   is   c o l o r   of  the   b a c k g r o u n d .   M e a s u r e d   w i t h  

H u n t e r   L a b s c a n   II   u s i n g   2  d e g r e e   O b s e r v e r   f o r   I l l u m i n a n t   C 

and  s p e c i f i e d   in  " L - a - b "   u n i t s .  

L , a , b   -  t he   l u m i n a n c e   and  the   two  c o l o r  

25  c o o r d i n a t e s   f o r   t he   m e a s u r e d   s u r f a c e   c o l o r   u s i n g   the   " L - a - b "  

c o l o r   s o l i d .  

PCR  -  P r i n t   c o n t r a s t   r a t i o   at   w a v e l e n g t h   of  900  nm 

w h e r e  

30  R(Bkgd)   -  R ( i . D . )  

PCR  =  R ( B k g d )  

and  R  a re   t he   r e f l e c t a n c e   v a l u e s   e q u i v a l e n t   to  the   i n d i c a t e d  

m e a s u r e d   d e n s i t i e s   m e a s u r e d   w i t h   MacBeth   P C M - I I  

,c  P r i n t / c o n t r a s t   m e t e r   or  RJS  E n t e r p r i s e s   C o d a s c a n   3 6 0 0 .  
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I n i t i a t i o n   T e m p e r a t u r e   i s   t e m p e r a t u r e   a t   w h i c h   a n  

o p t i c a l   d e n s i t y   of  0 . 0 5   a b o v e   t h e   b a c k g r o u n d   is   r e a c h e d .  

E x a m p l e   1  -  Green   I m a g e  

5  A  d i s p e r s i o n   of  t he   i r o n   t r i s ( d i - 2 - e t h y l h e x y l   ) -  

p h o s p h a t e   ( I )   was  f o r m e d   by  b a l l   m i l l i n g   fo r   24  h o u r s   2 5  

g r a m s   of  ( I )   in  75g  of  a c e t o n e   u s i n g   f l i n t   g l a s s   m a r b l e s .  

To  4 .0   g  of  t h i s   d i s p e r s i o n   was  a d d e d   3 .27   g  of  15% 

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

10  and   0 .5   g  of  the   l , l ' - s p i r o b i [ - l H - i n d e n e ] - 5 ,   5 ' - 6   , 6 - t e t r o l -  

2 , 2 ' 3 , 3 r - t e t r a h y d r o - 3 . 3 . 3 ' 3 ,   ' - t e t r a m e t h y K   II  )  .  T h i s   w a s  

a g i t a t e d   t i l l   ( I I )   d i s s o l v e d .   T h i s   was  c o a t e d   on  2  m i l  

o p a q u e   t i t a n i u m   d i o x i d e   f i l l e d   p o l y e s t e r   at   2 .5   mil   o r i f a c e  

u s i n g   a  k n i f e   c o a t e r   and  a l l o w e d   to  a i r   d r y .   The  r e s u l t i n g  

15  t h e r m a l   r e c o r d i n g   s h e e t   e x h i b i t e d   e x c e l l e n t   w h i t e n e s s   g i v i n g  
a  b l u e   image   w h i c h   c h a n g e d   to  g r e e n   w i t h i n   f o u r   h o u r s .  

Bkgd  =  0 . 0 9   I . D .   =  0 . 8 4   i n i t i a t i o n   t e m p e r a t u r e   = 
1 2 9 ° C   I n i t i a l   PCR  =  0 . 4 5 ;   PCR  a f t e r   12  h o u r s   =  0 . 7 6 ;   C o l o r  

w i t h   H u n t e r   2C,  L  =  9 2 . 3 7 ,   a  =  - 2 . 0 7 ,   b  -  3 . 5 6 .  

2 0  
E x a m p l e   2  -  P u r p l e   I m a g e  

Same  as  Example   1  u s i n g   t a n n i c   a c i d   (MCB  r e a g e n t )  
i n   p l a c e   of  ( I I ) .   T h i s   gave   a  t h e r m a l   r e c o r d i n g   s h e e t   w i t h  

a  w h i t e   b a c k g r o u n d   and  a  p u r p l e   image   wh ich   was  s t a b l e   a n d  

25  d i d   n o t   c h a n g e   c o l o r .  

Bkgd  =  0 . 1 2 ;   I . D . =   1 . 0 9 ;   I n i t i a t i o n   t emp .   =  1 2 0 ° C ;  
PCR  =  0 .19   m e a s u r e d   12  h o u r s   a f t e r   i m a g i n g .   C o l o r   w i t h  

H u n t e r   2  C,  L  =  8 9 . 8 4 ,   a  =  - 1 . 1 9 ,   b  =  5 . 0 6 .  

3Q  E x a m p l e   3  -  B l a c k   I m a g e  

A  t h e r m a l   r e c o r d i n g   s h e e t   was  p r e p a r e d   as  i n  

E x a m p l e   1  s u b s t i t u t i n g   0 .4   g  of  ( I I )   and  0.1  g  of  t a n n i c  

a c i d   f o r   ( I I ) .   The  t h e r m a l   r e c o r d i n g   s h e e t   e x h i b i t e d   a 
w h i t e   b a c k g r o u n d   w i t h   a  b l u i s h - p u r p l e   image  wh ich   t u r n e d  

35  b l a c k   w i t h i n   4  h o u r s .  

Bkdg  =  0 . 1 1 ;   I . D . =   1 . 1 3 ;   I n i t i a t i o n   temp  =  1 2 2 ° C ;  



_23_  
0 2 5 6 7 7 3  

PCR  »  0 . 4 5   i n c r e a s i n g   to  0 .58   w i t h i n   12  h o u r s .   C o l o r   w i t h  

H u n t e r   2  C,  L  -  9 1 . 0 9 ,   a  — 1 . 6 0 ,   b  -  3 . 5 6 .  

E x a m p l e   4  -  P e r o x i d e   G r e e n   I m a g e  

5  A  t h e r m o g r a p h i c   r e c o r d i n g   s h e e t   was  p r e p a r e d  

f o l l o w i n g   E x a m p l e   1  b u t   w i t h   the   a d d i t i o n   of  0 . 0 8   g  o f  

t - b u t y ( p e r o x y - b e n z o a t e   ( A l d r i c h   Chem)  and  i m m e d i a t e l y  

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

w i t h   an  i m m e d i a t e   v i b r a n t   g r e e n   image   upon   i m a g i n g .  

10  Bkgd  =  0 . 1 2 ;   I . D .   = 1 . 0 2 ;   PCR  -  0 . 8 7 ;   C o l o r   w i t h  

H u n t e r   2  C,  L  -  8 3 . 9 7 ,   a  -  - 7 . 0 8 ,   b  =  8 . 5 0 .  

E x a m p l e   5  -  P e r o x i d e   B l a c k   I m a g e  

Same  as  E x a m p l e   3  bu t   w i t h   0 . 0 8   g  of  t - b u t y l -  

15  p e r o x y b e n z o a t e   and  c o a t i n g   i m m e d i a t e l y .   The  r e s u l t i n g  
t h e r m a l   r e c o r d i n g   s h e e t   had  a  v e r y   l i g h t   g r e e n   b a c k g r o u n d  
w h i c h   gave   an  i m m e d i a t e   b l a c k   image   c o l o r .  

Bkgd  @  0 . 1 2 ;   I . D .   -  1 . 2 4 ;   PCR  -  0 . 7 3 ;   C o l o r   w i t h  

H u n t e r   2C,  L  -  8 4 . 4 3 ,   a  =  - 5 . 0 5 ,   b  =  5 . 7 4 .  

20  
E x a m p l e   6  -  P h e n i d o n e  

A  t h e r m a l   r e c o r d i n g   s h e e t   was  p r e p a r e d   as  i n  

E x a m p l e   1  w i t h   t he   a d d i t i o n   of  .5  g  of  a  5%  s o l u t i o n   i n  

a c e t o n e   of  p h e n i d o n e   A  (  l - p h e n y l - 3 - p y r a z o l i d i n o n e ,   95% 

25  A l d r i c h )   o n t o   t he   f o r m u l a t i o n .   T h i s   gave   e x c e l l e n t   p o t   l i f e  

e l i m i n a t i n g   any  p r e m a t u r e   r e a c t i o n   and  a l s o   gave   i m p r o v e d  
s h e e t   s t a b i l i t y .   T h i s   n o t i c e a b l y   w h i t e r   t h e r m a l   r e c o r d i n g  
s h e e t   had  the   f o l l o w i n g   p r o p e r t i e s .  

Bkgd  =  0 . 1 1 ;   I . D .   =  0 . 7 1 ;   I n i t i a t i o n   t emp.   = 

3q  1 3 1 ° C ;   I n i t i a l   PCR  -  0 .50   i n c r e a s i n g   to  0 . 7 0   w i t h i n   12  

h o u r s .   C o l o r   H u n t e r   2  C;  L  =  9 2 . 7 9 ,   a  =  - 1 . 4 8 ,   b  =  3 . 8 3 ;  

S i d e   by  s i d e   c o n t r o l   w i t h   t h i s   e x a m p l e   showed   Bkgd  =  0 . 1 2 ;  

ID  =  0 . 8 4 .  

35  
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E x a m p l e   7  -  P a p e r  

Same  as  E x a m p l e   5  b u t   c o a t e d   on  a  46  1b  p a p e r   ( 2 4  

x  36  x  500  b a s i s )   g i v i n g   a  s h e e t   w i t h   good  w h i t e n e s s .  

Bkdg  '«  0 . 0 9 ;   ID  *  0 . 7 2 ;   I n i t i a t i o n   t e m p e r a t u r e   @ 
5  125.   2°C,   C o l o r   w i t h   H u n t e r   2C,  L  -  9 1 . 0 3 ,   a  »  - 1 . 2 8 ,   b  

-  - 5 . 3 1 .  

E x a m p l e   8  -  N i t r a t e  

A  d i s p e r s i o n   of  25  g  i r o n   t r i s ( d i - 2 - e t h y l h e x y l )  

10  p h o s p h a t e   n i t r a t e   was  made  w i t h   4 8 . 7 5   g  A c e t o n e   and  1 . 2 5   g  
c e l l u l o s e   a c e t a t e   by  b a l l   m i l l i n g   w i t h   f l i n t   g l a s s   b a l l s   f o r  

24  h o u r s .   A  c o a t i n g   d i s p e r s i o n   was  p r e p a r e d   f rom  6 .0   g  o f  

t h i s   d i s p e r s i o n ,   5  g  of  a  12%  s o l u t i o n   of  c e l l u l o s e   a c e t a t e  

in  a c e t o n e ,   and  9 .0   g  of  a  10%  s o l u t i o n   of  1 , 1 '   , s p i r o b i [ - H -  

15  i n d e n e ] - 5 , 5 ' , 6 , 6 ' - t e t o l - 2 , 2 ' , 3 , 3 ' - t e t r a h y d r o - 3 , 3 , 3 f   , 3 ' t e t r a m  

e t h y l   ( I I )   in  a c e t o n e   c o a t e d   a t   2  m i l s   wet   t h i c k n e s s   on  4 6 #  

(24"   x  36"  x  500)  p a p e r ,   and  a i r   d r i e d .   T h i s   t h e r m a l  

r e c o r d i n g   s h e e t   gave   a  b l u e   image  c h a n g i n g   to  g r e e n   w i t h i n   4 

h o u r s .  

20  Bkg  -  0 . 1 6 ,   ID  =  0 . 5 2 ,   i n i t i a t i o n   t e m p ,   of  1 5 2 ° C .  

25  

30  

35  
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WHAT  IS  CLAIMED  I S :  

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

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

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

and  c o l o r l e s s   or  s u b s t a n t i a l l y   c o l o r l e s s   m i c r o p a r t i c l e s   of  a  

f e r r i c   i r o n   compound   s e l e c t e d   f rom  f e r r i c   o r g a n o p h o s p h a t e s ,  
f e r r i c   o r g a n o p h o s p h i n a t e s ,   and  f e r r i c   o r g a n o p h o s p h o n a t e s  

d i s p e r s e d   in  s a i d   b i n d e r .  

2.  A  c o l o r l e s s   t h e r m o g r a p h i c   m a t e r i a l   as  r e c i t e d  

in  c l a i m   1  w h e r e i n   s a i d   c o l o r l e s s   c a t e c h o l   i s   s e l e c t e d   f r o m  

( a )  

10  

15  

OH OH 

20  

whe re   A  is  a  s a t u r a t e d   r i n g   s y s t e m   o p t i o n a l l y  

c o n t a i n i n g   h e t e r o   a toms   s e l e c t e d   from  N,  0,  and  S ,  
R2  ,  R3  ,  R5  ,  R6  are   i n d e p e n d e n t l y   c h o s e n   f rom  H, 

25  and  e l e c t r o n   d o n a t i n g ,   and  e l e c t r o n   w i t h d r a w i n g   g r o u p s  
c o n s i s t i n g   of  H  and  no  more  t h a n   5  a toms   c h o s e n   f rom  C,  N,  

0,  and  S ,  

( b )  

)H 

30 

35  where   R  ,  R  a re   d e f i n e d   a b o v e ,  
R4  is  a  c a p p i n g   g r o u p   c h o s e n   f rom  H  and  a l k y l   (C1 

- C . J '  
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R1  is   a  b i v a l e n t   l i n k i n g   g r o u p   h a v i n g   s a t u r a t e d  

b o n d s   a t   e i t h e r   end  s e l e c t e d   f rom  a l k y l e n e ,   a  c h a i n   c o n t a i n -  

i ng   a t   l e a s t   one  of  N,  S,  0,  p h e n y l e n e ,   and  n a p h t h y l e n e  

h a v i n g   no  more  t h a n   12  c a r b o n   and  h e t e r o   a t o m s ,   s a i d   l i n k i n g  

g r o u p   R1  b e i n g   c h o s e n   such   t h a t   i t   does   n o t   f a c i l i t a t e  

e l e c t r o n i c   i n t e r a c t i o n   b e t w e e n   the   c a t e c h o l   m o i e t i e s   n o r  

p r o d u c e   w i t h   t he   two  c a t e c h o l   h y d r o x y   g r o u p s   a  p o l y d e n t a t e  

c h e l a t e ,  

1 0  

/ m  

R2 

OH 

OH 

1 5  

R3 

w h e r e   R2  ,  R3  and  R5  a r e   d e f i n e d   a b o v e  

20  G  is   a  u n i t   f rom  a  p o l y m e r   c h a i n   c h o s e n   f r o m  

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

f o r m a l d e h y d e   r e s i n s   w h i c h   a r e   m i s c i b l e   w i t h   s a i d   b i n d e r ,  
R1  is   as  d e f i n e d   a b o v e   or  i f   G  d o e s   n o t   f a c i l i t a t e  

e l e c t r o n i c   i n t e r a c t i o n   b e t w e e n   c a t e c h o l   m o i e t i e s ,   t h e n   R1 

25  n e e d   n o t   be  r e s t r i c t e d   in  t h i s   way  and  in  a d d i t i o n   to  t h e  

d e f i n i t i o n   a b o v e   may  be  c h o s e n   f rom  a  s i n g l e   bond   and  t h e  

g r o u p s   d e f i n e d   f o r   R2  ,  R3  and  R5  a b o v e ,  

and  m  i s   an  i n t e g e r   g r e a t e r   t h a n   2;  a n d  

( d )  

3 0  

- %  OH 

3 5  
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w h e r e   R2  ,  R3  ,  R5  ,  a r e   d e f i n e d   above   and  R7  is   an  a l k y l   c h a i n  

of  e i g h t   or  more  c a r b o n   a t o m s  

5  3.  A  c o l o r l e s s   t h e r m o g r a p h i c   m a t e r i a l   a c c o r d i n g  

to  c l a i m   1  w h e r e i n   s a i d   f e r r i c   i r o n   c o m p o u n d   is  s e l e c t e d  

f r o m  

a)  Fe  [OOP(OR)2  ]3 

b)  Fe  [ 0 0 P ( 0 R ) 2   ]3  *X 
10  c)  Fe  [OOPR(OR)  ],  ,  a n d  

d)  Fe  [00PR2  ]3 

w h e r e   e a c h   R  is   i n d e p e n d e n t l y   s e l e c t e d   f rom  a l k y l   g r o u p s  
s u b s t i t u t e d   w i t h   s u b s t i t u e n t s   s e l e c t e d   f rom  a l k y l ,  

15  c y c l o a l k y l ,   and  a r y l   g r o u p s ,   p r o v i d i n g   t h a t   s a i d  

s u b s t i t u e n t s   do  no t   a c t   as  l i g a n d s   or  c h e l a t e s   fo r   f e r r i c  

i o n s ,   and  X  is   s e l e c t e d   f rom  f l u o r i d e ,   h e x a f   l u o r o p h o s p h a t e ,  

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

n i t r a t e .  
20 

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

to  c l a i m   1  w h e r e i n   s a i d   f e r r i c   o r g a n o p h o s p h a t e   is   s e l e c t e d  

f r o m  

(a)  Fe  [OOP(OR)2  ]3  a n d  

25  (b)  Fe{OOP(OR)2  ]3  «x 

w h e r e   e a c h   R  is   s e l e c t e d   i n d e p e n d e n t l y   f rom  the   g r o u p  
r e p r e s e n t e d   by  the   f o r m u l a  

30  ( C H 2 ) c - H  

-(CH2  ) a -CH-(CH2  ) b - H  

w h e r e   1  <=  c  <=  10 

b  >  a,  b  >  c,  a n d  

35  3  <=  a  +  b  <=  18  
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5.  A  c o l o r l e s s   t h e r m o g r a p h i c   m a t e r i a l   a c c o r d i n g  

to   c l a i m   2  w h e r e i n   t he   s u b s t i t u e n t s   R1  ,  R2  ,  R3  ,  R4  ,  R5  a n d  
R6  a r e   c h o s e n   to  p r o d u c e   an  o v e r a l l   e l e c t r o n   d o n a t i n g   e f f e c t  

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

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

to   c l a i m   2  w h e r e i n   t he   s u b s t i t u e n t s   R1  ,  R2  ,  R3  ,  R4  ,  R5  a n d  

R6  a r e   c h o s e n   so  t h a t   w i t h   some  of  t he   c a t e c h o l   m o i e t i e s  
10  s a i d   s u b s t i t u t e n t s   p r o v i d e   e l e c t r o n   w i t h d r a w i n g   p r o p e r t i e s  

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

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

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

e n h a n c e d   n e a r   i n f r a r e d   a b s o r p t i o n   p r o p e r t i e s .  
1 5  

7.  A  t h e r m o g r a p h i c   s h e e t   c o m p r i s i n g   a  s u b s t r a t e  

on  a t   l e a s t   one  s u r f a c e   of  w h i c h   i s   c o a t e d   a  l a y e r   o f  

t h e r m o g r a p h i c   m a t e r i a l   a c c o r d i n g   to  c l a i m s   1 - 6 .  

20  8.  A  c o l o r l e s s   t h e r m o g r a p h i c   m a t e r i a l   a c c o r d i n g  

to   c l a i m s   1-6  in  w h i c h   s a i d   c o l o r l e s s   c a t e c h o l   is   a  

p o l y c a t e c h o l .  

9.  A  c o l o r l e s s   t h e r m o g r a p h i c   s h e e t   m a t e r i a l  
25  a c c o r d i n g   to  c l a i m   8  in   w h i c h   s a i d   p o l y c a t e c h o l   has   t h e  

g e n e r a l   f o r m u l a  

OH  OH 

in   w h i c h   B  c o m p r i s e s   t he   a toms   in  an  o r g a n i c   b r i d g i n g   g r o u p  

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

35  c a t e c h o l   g r o u p   and  m  is   an  i n t e g e r   f rom  1  to   1 0 .  
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10.  A  s h e e t   m a t e r i a l   a c c o r d i n g   to  c l a i m   9  i n  

w h i c h   B  has   the   f o r m u l a  

O H   H O  

C—  N—  (CH2  )n—  N—  C n  f*  fcf  /  fit!  \  M.  f1- 

w h e r e i n   n  i s   an  i n t e g e r   f rom  1  to  4  and  m  is   an  i n t e g e r   o f  

f rom  1  to  4 ,  
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