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@)  Prevention  of  spotting  In  thermal  imaging  compositions. 

  Thermally  imageable  composition  comprising  (a)  at  least 
one  leuco  dye,  (b)  a  nitrate  salt,  (c)  at  least  one  base  having  a 
conjugate  acid  with  pKa  equal  to  or  greater than  zero.  The  base 
serves  to  prevent  spotting  or  backgrounding  of  transparency 
films  bearing  said  thermally  imageable  composition  during  the 
manufacturing  process  used  in  preparing  the  films. 



B a c k g r o u n 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   t h e r m a l l y   i m a g e a b l e  

c o m p o s i t i o n s   and  to  s t a b i l i z e r s   f o r   t h e s e   c o m p o s i t i o n s .  

I t   is  w e l l   known  t h a t   d y e s   in  t h e i r   r e d u c e d   l e u c o  

form  can   p r o v i d e   t he   b a s i s   of  c o l o r   image   f o r m i n g   s y s t e m s .  

The  l e u c o   d y e s   may  i n i t i a l l y   be  r e l a t i v e l y   c o l o r l e s s ,   b u t  

can   r e t u r n   to  a  c o l o r e d   fo rm  when  o x i d i z e d ,   e . g . ,   by  a i r  

u n d e r   a c i d i c   c o n d i t i o n s   or   any  o t h e r   s u i t a b l e   o x i d i z i n g  

a g e n t .   E x a m p l e s   of  l e u c o   d y e s   u s e d   in  c o l o r   image   f o r m i n g  

s y s t e m s   i n c l u d e   t r i a r y l m e t h a n e s ,   x a n t h e n e s ,   s t y r y l   d y e s ,  

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

p h e n o t h i a z i n e s ,   and  p h e n a z i n e s .  

In  t h e r m a l l y   s e n s i t i v e   m a t e r i a l s   of  t he   t y p e  

w h e r e i n   a t   l e a s t   one  l e u c o   dye  is  in  r e a c t i v e   p r o x i m i t y  

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

a p p l i c a t i o n   of  h e a t   c a u s e s   s a i d   n i t r a t e   s a l t   to  o x i d i z e  

s a i d   l e u c o   dye  to  p r o d u c e   a  c h a n g e   in  c o l o r ,   a  p r o b l e m   m a y  
a r i s e   f rom  p r e m a t u r e   s p o t t i n g   or   b a c k g r o u n d i n g   of  t h e  

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

m a n u f a c t u r i n g   p r o c e s s .  

As  u s e d   h e r e i n ,   t h e   t e r m   " s p o t t i n g "   m e a n s  

o x i d a t i o n   of  t he   l e u c o   dye  to  a  c o l o r e d   dye  fo rm  in  r a n d o m  

i r r e g u l a r   s p o t s ;   t h e   t e r m   " b a c k g r o u n d i n g "   m e a n s   o x i d a t i o n  

of  t he   l e u c o   dye  to  a  c o l o r e d   dye  f o r m   in  u n i f o r m   f a s h i o n ,  

r e s u l t i n g   in  an  e v e n l y   c o l o r e d   b a c k g r o u n d .   E i t h e r   s p o t t i n g  

or  b a c k g r o u n d i n g   can  d e s t r o y   t h e   u s e f u l n e s s   of  a  

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

c o m p o s i t i o n .   One  m e t h o d   f o r   p r e v e n t i n g   s p o t t i n g   i n v o l v e s  

d r y i n g   of  t he   i m a g e a b l e   c o a t i n g   a t   low  t e m p e r a t u r e s .   T h i s  

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

s p e e d s ,   ana  n i g h   c o s t s ,   and  in  m o s t   c a s e s ,   d o e s   no t   o f f e r   a  

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



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

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

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

c o n s i d e r a b l e   s t a b i l i t y   to  t h e   t h e r m a l   e f f e c t s   of  t h e  

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

Summary   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   i n v o l v e s   t h e   p r e v e n t i o n   o f  

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

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

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

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

t h e   m a n u f a c t u r i n g   p r o c e s s   can   be  p r e v e n t e d   by  t h e   a d d i t i o n  

of  one  or   more   B r o n s t e d - L o w r y   b a s e s ,   i . e .   p r o t o n   a c c e p t o r s ,  
w h i c h   have   c o n j u g a t e   a c i d s   w i t h   pKa  v a l u e s   of  z e r o   o r  

h i g h e r .   T h e s e   b a s e s   h a v e   c o n j u g a t e   a c i d s   w i t h   Ka  v a l u e s  

e q u a l   to   or   l e s s   t h a n  o n e .   E f f e c t i v e   a d d i t i v e s   i n c l u d e  

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

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

c a r b o x y l i c   a c i d s ;   o x y g e n   a c i d s ,   e . g . ,   a l c o h o l s   and  p h e n o l s ;  

t h i o a c i d s ,   e . g .   m e r c a p t a n s   and  t h i o p h e n o l s ;   s a l t s   o r  

c o m p l e x e s   of  c a r b o n   a c i d s ;   and  i n o r g a n i c   b a s e s .   A d d i t i o n  

of   one  or  more   of  t h o s e   b a s e s   w h i c h   h a v e   c o n j u g a t e   a c i d s  

w i t h   pKa  v a l u e s   of  z e r o   or   a b o v e   r e s u l t s   in  d e c r e a s e s   o r  

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

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

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

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

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

R e d u c t i o n   and  e l i m i n a t i o n   of  d e f e c t s   in  t h e  

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

can   a l s o   be  b r o u g h t   a b o u t   by  a d d i n g   t h e   a n t i - s p o t t i n g  

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

c o m p o s i t i o n s .  

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

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

i m a g e a b l e   by  t h e r m a l   e n e r g y ,   e . g .   i n f r a r e d   r a d i a t i o n ,   a n d  



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

c o m p r i s e   (1)  a t   l e a s t   one  l e u c o   d y e ,   (2)  a t   l e a s t   o n e  

i n o r g a n i c   n i t r a t e   s a l t ,   (3)  a  p o l y m e r i c   b i n d e r ,   (4)  a n  

o p t i o n a l   a c i d ,   and  (5)  a t   l e a s t   one  a n t i s p o t t i n g   c o m p o u n d  

s e l e c t e d   f rom  t he   g r o u p   c o n s i s t i n g   o f  

(A)  t e r t i a r y   a m i n e s ,  

(B)  s e c o n d a r y   a m i n e s ,  

(C)  p r i m a r y   a m i n e s ,  

(D)  p r i m a r y   a m i d e s ,  

(E)  s e c o n d a r y   a m i d e s ,  

(F)  t e r t i a r y   a m i d e s ,  

(G)  t e r t i a r y   a m i n e   o x i d e s ,  

(H)  u r e a s ,  

( I )   s a l t s   of  c a r b o x y l i c   a c i d s ,  

( J )   s a l t s   of  a l c o h o l s ,  

(K)  s a l t s   of  t h i o l s ,  

( L )   s a l t s   of  c o m p l e x e s   of  c a r b o n   a c i d s   h a v i n g   pKa  

v a l u e s   b e t w e e n   0  and  25,   i n c l u s i v e ,  

(M)  s a l t s   of  o r g a n o p h o s p h o r i c   a c i d s ,  

(N)  s a l t s   of  o r g a n o p h o s p h o n i c   a c i d s ,  

(O)  s a l t s   of  o r g a n o p h o s p h i n i c   a c i d s ,  

(P)  p h o s p h i n e s ,   a n d  

(Q)  i n o r g a n i c   s a l t s .  

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

f o r m u l a s :  

w h e r e i n   R l ,   R2,  and  R3  can   be  t h e   same  or   d i f f e r e n t   a n d  

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

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

1  to   20  c a r b o n   a t o m s ,   s u b s t i t u t e d   o r  

u n s u b s t i t u t e d   a l k e n y l   g r o u p s   h a v i n g   f rom  1  to   16  

bon  a t o m s ,   s u b s t i t u t e d   or  u n s u b s t i t u t e d   a r y l  

g r o u p s   h a v i n g   up  to  3  f u s e d   r i n g s .  



The  t e r t i a r y   a m i n e   can   have   t h e   f o l l o w i n g   s t r u c t u r e :  

w h e r e i n   R1  is   as  d e f i n e d   a b o v e   a n d  

r e p r e s e n t s ,   f o r   e x a m p l e ,  

w h e r e   1  i s   an  i n t e g e r   f rom  0  t o   6,  i n c l u s i v e ,   m  is   a n  

i n t e g e r   f r o m   0  t o   6,  i n c l u s i v e ,   and  n  is   an  i n t e g e r   f rom  0 

to   6,   i n c l u s i v e ;  



w h e r e   1  and  m  a r e   as  d e f i n e d   a b o v e   and  n'  i s   0  or   4 ;  

w h e r e   1  and  m  a r e   as  d e f i n e d   a b o v e ,   and  n"  i s   an  i n t e g e r  

f r o m   0  to   4,  i n c l u s i v e ;  

w h e r e   1'  i s   0  o r   4,  m  and  n"  a r e   as  d e f i n e d   a b o v e .  

The  t e r t i a r y   a m i n e   can   a l s o   h a v e   t h e   f o l l o w i n g   s t r u c t u r e :  

w h e r e i n   Rl  i s   as  d e f i n e d   a b o v e ,   and  R4  r e p r e s e n t s   CR5R6 

w h e r e   R5  and  R6  r e p r e s e n t s   a  m e m b e r   of  t h e   c l a s s  

f rom  w h i c h   R1,  R2,  and  R3  a r e   s e l e c t e d ,   w i t h   t h e  

p r o v i s o   t h a t   R5  and  R6  need   no t   be  t he   same  a s  
R l ,   R2,  or   R 3 .  

The  t e r t i a r y   a m i n e   can   f u r t h e r   h a v e   t h e   f o l l o w i n g   s t r u c t u r e :  



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

w h e r e   x  i s   0,  1,  o r   2,  y  i s   an  i n t e g e r   f r o m   0  to   8 ,  

i n c l u s i v e ,   and  z  i s   0,  1,  or   2,  a n d  

R7  r e p r e s e n t s   a  m e m b e r   of  t h e   c l a s s   f r o m   w h i c h  

R1,  R2,  and  R3  a r e   s e l e c t e d ,   w i t h   t h e   p r o v i s o  

t h a t   R7  n e e d   n o t   be  t h e   same  as  R l ,   R2,  R 3 ;  

w h e r e i n   Rl  and  R2  a r e   as  d e f i n e d   a b o v e .  

w h e r e i n   R1  and  R2  a r e   as  d e f i n e d   a b o v e .  



w h e r e i n   R1  is   as  d e f i n e d   a b o v e .  

w h e r e i n   R1  and  R2  a r e   as  d e f i n e d   a b o v e .  

w h e r e i n   R1,  R2,  and  R3  a r e   as  d e f i n e d   a b o v e .  

w h e r e i n   R1,  R2  and  R3  a r e   as  d e f i n e d   a b o v e .  

w h e r e i n   R1,  R2,  and  R3  a r e   as  d e f i n e d   a b o v e ,   and  R8 

r e p r e s e n t s  a   member   of  t h e   c l a s s   f rom  w h i c h   R 1 ,  
R2,  and  R3  a r e   s e l e c t e d ,   w i t h   t h e   p r o v i s o   t h a t   R8 
need   no t   be  t h e   same  as  R1,  R2,  o r   R 3 .  



w h e r e i n   R1  i s   as  d e f i n e d   a b o v e ,   and  A+  r e p r e s e n t s   a  

m e t a l l i c   c a t i o n ,   e . g .   L i+ ,   Na+,   K+,  Mg+2,  C a + 2 ,  

Mn+2,  F e + 3 ,   N i + 2 ,   Cu+2,   Z n + 2 . .  

w h e r e i n   R1  and  A+  a r e   as  d e f i n e d   a b o v e .  

w h e r e i n   R1  and  A+  a r e   as  d e f i n e d   a b o v e .  

w h e r e i n   R9,  R10,   and  R11  can   be  t h e   same  or   d i f f e r e n t   a n d  

r e p r e s e n t   a  member   of   t h e   g r o u p   s e l e c t e d   f r o m   H ,  

-NO2,   -CN,  - C O R 1 2 ,   -COOR12 ,   and  - S O 2 R 1 2   w h e r e   R12  

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

g r o u p ,   n a p h t h y l   g r o u p ,   a l k y l   g r o u p   h a v i n g   1  t o   4 

c a r b o n   a t o m s ,   a n d  

A+  i s   as  d e f i n e d   a b o v e .  

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

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

w h e r e i n   R9  and  A+  a r e   as  d e f i n e d   a b o v e   a n d  

r e p r e s e n t ,   f o r   e x a m p l e ,  



w h e r e i n   a  i s   2,  3,  o r   4 ;  

w h e r e   b  i s   0  o r   4 .  

The  s a l t s   or   c o m p l e x e s   of  c a r b o n   a c i d s   can   f u r t h e r   i n c l u d e  

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

w h e r e i n   A+  is   as  d e f i n e d   a b o v e ,   a n d  

R13  r e p r e s e n t s   t h e   p h e n y l   or   n a p h t h y l   g r o u p .  

w h e r e i n   R1,  R2,  and  A+  a r e   as  d e f i n e d   a b o v e .  

w h e r e i n   R l ,   R2,  and  A+  a r e   as  d e f i n e d   a b o v e .  



w h e r e i n   R1,  R2,  and  A+  a r e   as  d e f i n e d   a b o v e .  

w h e r e i n   R1,  R2,  and  R3  a r e   as  d e f i n e d   a b o v e .  

w h e r e i n   A+  i s   as  d e f i n e d   a b o v e ,   a n d  

Y-  r e p r e s e n t s   a  member   of  t h e   g r o u p   s e l e c t e d   f r o m  

-OH,  S,  HS,  C03,   H C 0 3 .  

When  R l ,   R2,  or   R3  is   a  s u b s t i t u t e d   a l k y l   or  a r y l  

g r o u p ,   t h e   s u b s t i t u e n t s   can   be  any  w h i c h   do  n o t  

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

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

c h l o r o ,   b r o m o ,   i o d o ,   f l u o r o ;   h y d r o x y l   g r o u p ;   c y a n o   g r o u p ;  
n i t r o   g r o u p ;   a l k o x y   g r o u p   h a v i n g ,   f o r   e x a m p l e ,   1  to   2 0  

c a r b o n   a t o m s ;   a l k y l   c a r b o n y l   g r o u p   h a v i n g ,   f o r   e x a m p l e ,   1 

to  20  c a r b o n   a t o m s ;   a l k y l s u l f o n y l   g r o u p ,   h a v i n g ,   f o r  

e x a m p l e ,   1  to   20  c a r b o n   a t o m s .   In  a d d i t i o n   when  R1,  R2,  o r  
R3  i s   a  s u b s t i t u t e d   a r y l   g r o u p ,   t h e   s u b s t i t u e n t   can   b e  

a l k y l t h i o ,   h a v i n g ,   f o r   e x a m p l e ,   f r o m   1  to   20  c a r b o n   a t o m s .  

R1,  R2,  R3  c an   be  m o n o - ,   d i - ,   t r i - ,   or   t e t r a -   s u b s t i t u t e d .  

Dye  c l a s s e s   w h i c h   can   be  s t a b i l i z e d   by  the   b a s e s  

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

R e p r e s e n t a t i v e   e x a m p l e s   of  s t y r y l   d y e s   a r e   (a)   2 , 3 - d i h y d r o -  

1 , 3 , 3 - t r i m e t h y l - 2 - [ 2 - ( 2 , 4 , 6 - t r i m e t h o x y p h e n y l ) e t h e n y l ] - 1 H -  

I n d o l e ;   (b)  2 - b r o m o - 4 - [ 2 - ( 5 - c h l o r o - 2 , 3 - d i h y d r o - 1 , 3 , 3 -  

t r i m e t h y l - l H - i n d o l - 2 - y l ) e t h e n y l ] - N , N - d i m e t h y l b e n z e n a m i n e ;  

(c)   2 , 3 - d i h y d r o - 1 , 3 , 3 - t r i m e t h y l - 2 - [ 2 - ( 4 - d i m e t h y l a m i n o ) -  



p h e n y l - e t h e n y l ] - l H - I n d o l e ;   (d)  2 , 3 - d i h y d r o - 1 , 3 , 3 - t r i m e t h y l -  

2 - [ 2 - ( 4 - N - m o r p h o l i n o - ) p h e n y l - e t h e n y l ] - l H - I n d o l e ;  

(e)   2 , 3 - d i h y d r o - 1 , 3 , 3 - t r i m e t h y l - 2 - [ 2 - ( 4 - N , N - b i s - ( 2 -  

c y a n o e t h y l a m i n o ) - p h e n y l - e t h e n y l ] - l H - I n d o l e .  

R e p r e s e n t a t i v e   e x a m p l e s   of  p h e n o x a z i n e   and  p h e n o t h i a z i n e  

d y e s   a r e :   ( f )   3 , 7 - b i s - ( N , N - d i e t h y l a m i n o ) - 1 0 - b e n z o y l - p h e n o x a -  

z i n e   and  (g)  3 , 7 - b i s - ( N , N - d i m e t h y l a m i n o ) - 1 0 - b e n z o y l - p h e n o -  

t h i a z i n e ,   r e s p e c t i v e l y .  



R e p r e s e n t a t i v e   e x a m p l e s   of  p h e n a z i n e   d y e s   a r e ;   (h)  5 , 1 0 - d i -  

h y d r o - 5 - p h e n y l - 1 0 - b e n z o y l - 3 , 7 - b i s - ( N , N - d i e t h y l a m i n o ) p h e n a z i n e  

and  ( i )   5 , 1 0 - d i h y d r o - 5 - e t h y l - 1 0 - b e n z o y l - 3 , 7 - b i s - ( N , N -  

d i m e t h y l a m i n o ) p h e n a z i n e .  



N i t r a t e   s a l t s  s u i t a b l e   f o r   t h i s   i n v e n t i o n   a r e  

t h e m s e l v e s   w e l l   k n o w n .   They   may  be  s u p p l i e d   as  v a r i o u s  

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

s a l t ,   and  m o s t   p r e f e r a b l y   p r o v i d e d   as  a  h y d r a t e d   m e t a l  

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

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

s a l t s ,   m e t a l   s a l t s ,   a c i d   s a l t s ,   m i x t u r e s   of  a c i d s   a n d  

s a l t s ,   and  o t h e r   m e a n s   of  s u p p l y i n g   t h e   ion   a r e   u s e f u l .  

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

( z r 0 2 ) ,   n i c k e l ,   a l u m i n u m ,   c h r o m i u m ,   i r o n ,   c o p p e r ,   t i n ,  



m a g n e s i u m ,   l e a d ,   and  c o b a l t ,   ammonium  n i t r a t e ,   and  c e r o u s  
ammonium  n i t r a t e   can   be  u s e d .  

The  n i t r a t e   s a l t   c o m p o n e n t   of  t he   p r e s e n t  
i n v e n t i o n   m u s t   be  p r e s e n t   in  a  f o r m   w i t h i n   t h e   i m a g i n g  

c o m p o s i t i o n   so  t h a t   o x i d a n t   ( i . e . ,   d e c o m p o s i t i o n   p r o d u c t s  
of  t h e   n i t r a t e )   w i l l   be  p r o v i d e d   w i t h i n   t h e   c o m p o s i t i o n  

when  i t   is   h e a t e d   to  a  t e m p e r a t u r e   no  g r e a t e r   t h a n   2 0 0 ° F  

( 9 3 ° C )   f o r   60  s e c o n d s   and  p r e f e r a b l y   no  g r e a t e r   t h a n   1 6 0 ° F  

( 7 1 ° C )   f o r   60  o r   m o s t   p r e f e r a b l y   30  s e c o n d s .   The  s a l t   m u s t  
be  c h o s e n   so  t h a t   t h e   c a t i o n   t h e r e o f   is   n o n - r e a c t i v e   w i t h  

t h e   l e u c o   d y e .   In  t h e   p r a c t i c e   of  t h e   p r e s e n t   i n v e n t i o n ,  
n o n - r e a c t i v e   s a l t s   a r e   d e f i n e d   as  t h o s e   s a l t s   t he   c a t i o n s  

of   w h i c h   do  n o t   s p o n t a n e o u s l y   o x i d i z e   t h e   d y e s   t h a t   t h e y  

a r e   a s s o c i a t e d   w i t h   a t   room  t e m p e r a t u r e .  

P r e f e r r e d   s a l t s   a r e   t h e   h y d r a t e d   m e t a l   s a l t s   s u c h  .  

as  n i c k e l   n i t r a t e   h e x a h y d r a t e ,   m a g n e s i u m   n i t r a t e  

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

n o n a h y d r a t e ,   c u p r i c   n i t r a t e   t r i h y d r a t e ,   z i n c   n i t r a t e  

h e x a h y d r a t e ,   c a d m i u m   n i t r a t e   t e t r a h y d r a t e ,   b i s m u t h   n i t r a t e  

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

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

and  m i x t u r e s   of  t h e s e   h y d r a t e d   n i t r a t e s .   N o n h y d r a t e d   o r  

o r g a n i c   n i t r a t e s   may  be  a d m i x e d   t h e r e w i t h .  

I t   is   p r e f e r r e d   to  h a v e   a t   l e a s t   0 . 1 0   m o l e   o f  

n i t r a t e   ion  p e r   m o l e   of  d y e .   I t   is   more   p r e f e r r e d   to  h a v e  

a t   l e a s t   0 . 3 0   o r   0 . 5 0   m o l e   of  n i t r a t e   ion   p e r   mo le   of  d y e .  

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

a t   as  l o w  a   c o n c e n t r a t i o n   as   0 . 0 5   e q u i v a l e n t   of   b a s e   p e r  

e q u i v a l e n t   of  n i t r a t e   i o n ,   or   as  h i g h   as  1 . 0   e q u i v a l e n t   o f  

b a s e   p e r   e q u i v a l e n t   of  n i t r a t e   i o n .   The  p r e f e r r e d   r a n g e   i s  

f rom  a b o u t   0 . 3   t o   a b o u t   0 . 6   e q u i v a l e n t   of  b a s e   p e r  

e q u i v a l e n t   of   n i t r a t e   i o n .  

The  t h o r m a l l y   s t i m u l a t e d   o x i d a t i o n   of  the   l e u c o  

dye  by  t h e   n i t r a t e   s a l t   can   be  f a c i l i t a t e d   by  t h e   p r e s e n c e  
of   an  a c i d .   The  a c i d s   o p t i o n a l l y   u s e f u l   in  t h e   t h e r m o -  

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

known  to  t h e   s k i l l e d   c h e m i s t .   O r g a n i c   a c i d s ,   p r e f e r a b l y  



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

p r e f e r r e d ,   b u t   i n o r g a n i c   a c i d s   can   a l s o   be  u s e d .   The  a c i d  

can   be  p r e s e n t   in  a  r a t i o   of  f rom  0  to   10  t i m e s   the   a m o u n t  

of  t he   n i t r a t e   i o n .  

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

>  0,  and  a c i d ,   when  e m p l o y e d ,   a r e   d i s s o l v e d   in  a  b i n d e r ,  

w h i c h   b i n d e r   is   n e i t h e r   s t r o n g l y   b a s i c   nor   s t r o n g l y   a c i d i c  

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

s o l u t i o n .   I t   is   p r e f e r r e d   t h a t   t h e   b i n d e r   be  s e l e c t e d   f r o m  

p o l y m e r i c   m a t e r i a l s .   Such  r e s i n s   as  p o l y v i n y l   a c e t a l s ,  

e . g . ,   p o l y v i n y l   b u t y r a l ,   p o l y V i n y l   r e s i n s :  

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

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

b l e n d s   of  t h e s e   c l a s s e s   of  r e s i n s ,   can   be  u s e d .   S a r a n ,   a  

v i n y l   c h l o r i d e - v i n y l i d e n e   c h l o r i d e   c o p o l y m e r ,   i s  

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

as  g e l a t i n   and  gum  a r a b i c   can  a l s o   be  u s e d .  

The  l e u c o   dye  s h o u l d   be  p r e s e n t   a t   a  c o n c e n t r a -  

t i o n   of  a t   l e a s t   0.3%  by  w e i g h t ,   b a s e d   on  t he   w e i g h t   of  t h e  

b i n d e r ,   p r e f e r a b l y   a t   a  c o n c e n t r a t i o n   of  a t   l e a s t   1%  b y  

w e i g h t ,   b a s e d   on  the   w e i g h t   of  t he   b i n d e r ,   and  m o s t  

p r e f e r a b l y   a t   a  c o n c e n t r a t i o n   of  f r o m   2  to   10%  or  more   b y  

w e i g h t ,   b a s e d   on  t h e   w e i g h t   of  t h e   b i n d e r .  

A  f o r m u l a t i o n   w h i c h  c a n   be  a p p l i e d   b y  

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

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

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

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

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

a c i d   has   t he   r e q u i r e d   pKa  in  an  i n e r t   o r g a n i c   s o l v e n t ,   s u c h  

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

t e t r a h y d r o f u r a n .  

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

m e t h o d s   w e l l   known  in  t h e   a r t ,   s u c h   a s ,   f o r   e x a m p l e ,  

w i r e - w o u n d   r o d ,   k n i f e ,   or   e x t r u s i o n   c o a t i n g .   T y p i c a l   w e t  

t h i c k n e s s   of  t he   l a y e r   can   r a n g e   f rom  a b o u t   10  to  a b o u t   1 0 0  

m i c r o m e t e r s   (  m),   and  t h e   l a y e r   can   be  d r i e d   in  f o r c e d   a i r  



at   t e m p e r a t u r e s   r a n g i n g   f rom  20°C  to  5 0 ° C .   I t   i s   p r e f e r r e d  

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

image   d e n s i t i e s   g r e a t e r   t h a n   0 . 2 ,   and  more   p r e f e r a b l y   i n  

t h e   r a n g e   of  0 . 5   to   1 . 5 ,   as  m e a s u r e d   on  a  M a c B e t h   C o l o r  

D e n s i t o m e t e r   Model   TD  504  u s i n g   t h e   c o l o r   f i l t e r  

c o m p l e m e n t a r y   to  t h e   dye  c o l o r .  

The  s u p p o r t   m a t e r i a l   can   be  s e l e c t e d   f rom  a  w i d e  

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

and  t h e   l i k e ,   d e p e n d i n g   upon   t h e   p a r t i c u l a r   i m a g i n g  

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

good   h e a t   s t a b i l i t y ,   s u c h   as  p o l y e s t e r s .   A  p a r t i c u l a r l y  

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

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

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

i n v e n t i o n ,   s e r v e   to  d e s c r i b e   t h e   c o m p o s i t i o n s   a n d  

p r o p e r t i e s   of  t h e   p r e s e n t   i n v e n t i o n .  

E x a m p l e s   1 - 1 5  

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

a m i n e s   w h i c h   have   c o n j u g a t e   a c i d s   w i t h   a  pKa  >0  to   t h e  

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

i n v e n t i o n .  



T h i s   f o r m u l a t i o n   c o n t a i n s   0 . 3 2   m i l l i m o l e   A l ( N O 3 ) 3 · 9 H 2 O   o r  

0 . 9 6   m i l l i e q u i v a l e n t s   of  n i t r a t e   i o n .   S t o c k   s o l u t i o n s   o f  

a d d i t i v e s   w e r e   made  c o n t a i n i n g   0 . 5   m i l l i m o l e / g   of  t o t a l  

s o l u t i o n   and  t he   a m o u n t s   i n d i c a t e d   in  T a b l e   I  we re   a d d e d   t o  

t h e   s a m p l e s .   The  r e s u l t i n g   s a m p l e s   we re   c o a t e d   on  4  m i l  

p o l y e s t e r   f i l m   a t   a  3  m i l   wet   t h i c k n e s s   and  d r i e d   a t   1 6 2 ° F  

f o r   3  m i n u t e s .   The  p e r c e n t a g e   of  s p o t t i n g   r e s u l t i n g   f r o m  

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

shown  in  T a b l e   I .   The  t e r m   " p e r c e n t a g e   of  s p o t t i n g "   i s  

d e f i n e d   h e r e   as  t he   r a t i o   of  t he   a r e a   of   c o a t e d   f i l m   w h i c h  

i s   c o l o r e d   due  to  p r e m a t u r e   o x i d a t i o n   of  t he   l e u c o   d y e ,  

d i v i d e d   by  t h e   t o t a l   a r e a   of  c o a t e d   f i l m ,   m u l t i p l i e d   b y  

1 0 0 .  







As  the   pKa  of  t h e   b a s e ' s   c o n j u g a t e   a c i d   a p p r o a c h e s   z e r o ,  
t h e   a d d i t i v e   i s   l e s s   e f f e c t i v e   as  an  a n t i s p o t t i n g   a g e n t .  

E x a m p l e s   1 7 - 2 0  

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

a m i d e s   and  u r e a s   w h i c h   have   c o n j u g a t e   a c i d s   w i t h   pKa  v a l u e s  

b e t w e e n   a b o u t   0  and  2  to   t h e   t h e r m a l l y   i m a g e a b l e  

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

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 s   1 - 1 6 .   A g a i n   s t o c k  

s o l u t i o n s   of  a d d i t i v e s   w e r e   made  c o n t a i n i n g   0 . 5   m i l l i m o l e / g  

of  t o t a l   s o l u t i o n   and  t h e   a m o u n t s   i n d i c a t e d   in  T a b l e   I I  

we re   a d d e d   to  t h e   s a m p l e s .   A l l   s a m p l e s   we re   c o a t e d   a n d  

d r i e d   i d e n t i c a l l y   to   t h o s e   d e s c r i b e d   in  E x a m p l e s   1 - 1 6 .   T h e  

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

is  l i s t e d   in  T a b l e   I I :  



E x a m p l e s   2 1 - 2 4  

T h e s e   e x a m p l e s   d e m o n s t r a t e   t he   e f f e c t   of  a d d i n g  

s a l t s   of  c a r b o x y l i c   a c i d s   w h i c h   h a v e   c o n j u g a t e   a c i d s   w i t h  

pKa>0  to  t he   t h e r m a l l y   i m a g e a b l e   c o m p o s i t i o n   c o n t e m p l a t e d  

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

d e s c r i b e d   in  E x a m p l e s   1 - 1 6   was  u s e d   and  the   r e s u l t s   a r e  

l i s t e d   in  T a b l e   I I I :  



E x a m p l e s   2 5 - 2 7  

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

s a l t s   of  a l c o h o l s   or  t h i o l s   w h i c h   have   c o n j u g a t e   a c i d s   w i t h  

pKa>5  to  t he   t h e r m a l l y   i m a g e a b l e   c o m p o s i t i o n   c o n t e m p l a t e d  
f o r   t h i s   i n v e n t i o n .   A  p r o c e d u r e   i d e n t i c a l   to  t h a t  

d e s c r i b e d   in  E x a m p l e s   1 - 1 6   was  u s e d   and  t h e   r e s u l t s   a r e  

shown  in  T a b l e   I V :  



E x a m p l e   28  

T h i s   e x a m p l e   d e m o n s t r a t e s   t he   e f f e c t   of  a d d i n g   a  

s a l t   of  a  c a r b o n   a c i d   w h i c h   has   a  c o n j u g a t e   a c i d   w i t h   p K a > 4  

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

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

E x a m p l e s   1 - 1 6   was  u s e d   and  t h e   r e s u l t s   a r e   shown  in  T a b l e  

V:  



E x a m p l e s   2 9 - 3 3  

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

s a l t s   of  o r g a n o p h o s p h o r i c   a c i d s ,   of  o r g a n o p h o s p h o n i c   a c i d s ,  

or  of  o r g a n o p h o s p h i n i c   a c i d s ,   or   p h o s p h i n e s   w h i c h   h a v e   p K > 0  

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

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

E x a m p l e s   1 - 1 6   was  u s e d   and  t h e   r e s u l t s   a r e   shown  in  T a b l e  

V I :  





E x a m p l e s   3 4 - 3 5  

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

i n o r g a n i c   b a s e s   w h i c h   h a v e   c o n j u g a t e   a c i d s   w i t h   pKa>0  t o  

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

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

E x a m p l e s   1 - 1 6   was  u s e d   and  the   r e s u l t s   a r e   shown  in  T a b l e  

V I I .  

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

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

w i t h o u t  d e p a r t i n g   f rom  t he   s c o p e   and  s p i r i t   of  t h i s  

i n v e n t i o n ,   and  i t   s h o u l d   be  u n d e r s t o o d   t h a t   t h i s   i n v e n t i o n  

i s   no t   to  be  u n d u l y   l i m i t e d   to   t h e   i l l u s t r a t i v e   e m b o d i m e n t s  

s e t   f o r t h   h e r e i n .  



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

at   l e a s t   one  l e u c o   dye  in  r e a c t i v e   p r o x i m i t y   to  a n  

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

h e a t   c a u s e s   s a i d   n i t r a t e   s a l t   to  o x i d i z e   s a i d   at   l e a s t   o n e  

l e u c o   dye  to  p r o d u c e   a  c h a n g e   in  c o l o r ,   t h e   i m p r o v e m e n t  

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

pKa  g r e a t e r   t h a n   or  e q u a l   to  z e r o   is  i n c l u d e d   in  t h e  

c o m p o s i t i o n .  

2.  The  c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   s a i d   a t  

l e a s t   one  b a s e   is  s e l e c t e d   f rom  t he   g r o u p   c o n s i s t i n g   o f  

(A)  t e r t i a r y   a m i n e s ,  

(B)  s e c o n d a r y   a m i n e s ,  

(C)  p r i m a r y   a m i n e s ,  

(D)  p r i m a r y   a m i d e s ,  

(E)  s e c o n d a r y   a m i d e s ,  

(F)  t e r t i a r y   a m i d e s ,  

(G)  t e r t i a r y   a m i n e   o x i d e s ,  

(H)  u r e a s ,  

( I )   s a l t s   of  c a r b o x y l i c   a c i d s ,  

(J)   s a l t s   of  a l c o h o l s ,  

(K)  s a l t s   of  t h i o l s ,  

(L)  s a l t s   of  c o m p l e x e s   of  c a r b o n   a c i d s   h a v i n g   pKa 

v a l u e s   b e t w e e n   0  and  25,  i n c l u s i v e ,  

(M)  s a l t s   of  o r g a n o p h o s p h o r i c   a c i d s ,  

(N)  s a l t s   of  o r g a n o p h o s p h o n i c   a c i d s ,  

(O)  s a l t s   of  o r g a n o p h o s p h i n i c   a c i d s ,  

(P)  p h o s p h i n e s ,   a n d  

(0)  i n o r g a n i c   s a l t s .  

3.  The  c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   s a i d   a t  

l e a s t   one  b a s e   is   p r e s e n t   at   a  c o n c e n t r a t i o n   of  f rom  a b o u t  

.05  to  a b o u t   1 .0   e q u i v a l e n t   p e r   e q u i v a l e n t   of  n i t r a t e   i o n  

p r e s e n t   in  s a i d   c o m p o s i t i o n .  



4.  The  c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   s a i d   a t  

l e a s t   one  l e u c o   dye  is   s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g  

of  s t y r y l ,   p h e n o x a z i n e ,   p h e n o t h i a z i n e ,   and  p h e n a z i n e .  

5.  The  c o m p o s i t i o n   of  c l a i m   1  f u r t h e r   i n c l u d i n g  

a  b i n d e r .  

6.  The  c o m p o s i t i o n   of  c l a i m   5  w h e r e i n   s a i d   a t  

l e a s t   one  l e u c o   dye  is  p r e s e n t   a t   a  c o n c e n t r a t i o n   of  a t  

l e a s t   0.3%  by  w e i g h t ,   b a s e d   on  t he   w e i g h t   of  t he   b i n d e r .  

7.  The  c o m p o s i t i o n   of  c l a i m   1  f u r t h e r   i n c l u d i n g  

an  o r g a n i c   a c i d .  

8.  The  c o m p o s i t i o n   of  c l a i m   7  w h e r e i n   t h e  

c o n c e n t r a t i o n   of  o r g a n i c   a c i d   i s   p r e s e n t   in  a  r a t i o   of  f r o m  

0  to   10  t i m e s   t h e   a m o u n t   of  n i t r a t e   ion   p r e s e n t   in  s a i d  

c o m p o s i t i o n .  

9.  The  c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   t h e r e   i s  

a t   l e a s t   0 . 1 0   mo le   of  n i t r a t e   ion   p e r   mo le   of  d y e .  

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

c o m p r i s i n g   a  s u b s t r a t e   b e a r i n g   on  a t   l e a s t   one  m a j o r  

s u r f a c e   t h e r e o f   the   c o m p o s i t i o n   of  c l a i m   1 ,  
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