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BACKGROUND  OF  THE  INVENTION 

T .   F i e l d   o f  t h e   I n v e n t i o n  

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

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

l e a s t   two  s i l v e r   h a l i d e   e m u l s i o n   l a y e r s   to  r a d i a t i o n  

o u t s i d e   the  v i s i b l e   r e g i o n   of  the  e l e c t r o m a g n e t i c   s p e c t r u m .  
In  p a r t i c u l a r ,   the   p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  c o l o r  

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

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

e m u l s i o n   l a y e r   b e i n g   s e n s i t i z e d   to  a  d i f f e r e n t   r e g i o n   o f  

the  e l e c t r o m a g n e t i c   s p e c t r u m   and  at   l e a s t   two  l a y e r s   b e i n g  

s e n s i t i z e d   to  r a d i a t i o n   w i t h i n   the  i n f r a r e d   r e g i o n   of  t h e .  

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

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

Dyes  w h i c h   have  been  c a p a b l e   of  s e n s i t i z i n g  

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

e l e c t r o m a g n e t i c   s p e c t r u m   have  been  known  f o r   many  y e a r s .  

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

l o n g e r   b r i d g i n g   g r o u p s   b e t w e e n   c y c l i c   m o i e t i e s   have  b e e n  

used  for   many  y e a r s   to  s e n s i t i z e   s i l v e r   h a l i d e   to  t h e  

i n f r a r e d .   U.S.   P a t e n t   Nos.   3 , 6 1 9 , 1 5 4 ,   3 , 6 8 2 , 6 3 0 ) ;  

2 , 3 9 5 , 9 5 5 :   3 , 4 8 2 , 9 7 8 ;   3 , 7 5 8 , 4 6 1   and  2 , 7 3 4 , 9 0 0 :   and  U . K .  

P a t e n t   Nos.   1 , 1 9 2 , 2 3 4   and  1 , 1 8 8 , 7 8 4   d i s c l o s e   w e l l - k n o w n  

c l a s s e s   of  dyes   w h i c h   s e n s i t i z e   s i l v e r   h a l i d e   to  p o r t i o n s  

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

U.S.  P a t e n t   4 , 3 6 2 , 8 0 0   d i s c l o s e s   dyes   used   to  s e n s i t i z e  

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

are   a l s o   e f f e c t i v e   s e n s i t i z e r s   for   s i l v e r   h a l i d e .  



With  the  a d v e n t   of  l a s e r s ,   and  p a r t i c u l a r l y   s o l i d  

s t a t e   l a s e r   d i o d e s   e m i t t i n g   in  the  i n f r a r e d   r e g i o n   of  t h e  

e l e c t r o m a g n e t i c   s p e c t r u m   ( e . g . ,   780  to  1 5 0 0 n m ) ,   t h e  

i n t e r e s t   in  i n f r a r e d   s e n s i t i z a t i o n   has  g r e a t l y   i n c r e a s e d .  

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

d i o d e s   have  been  p r o p o s e d .   U.S.   P a t e n t   No.  4 , 4 1 6 , 5 2 2 ,   f o r  

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

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

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

to  d i f f e r e n t   p o r t i o n s   of  n o n - v i s i b l e   p o r t i o n s   of  t h e  

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

d e s c r i p t i o n   is  q u i t e   q e n e r a l   and  the  c o n c e n t r a t i o n   o f  

i m a g e w i s e   e x p o s u r e   on  each   l a y e r   a p p e a r s   to  be  d e p e n d e n t  

upon  f i l t e r i n g   of  r a d i a t i o n   by  the  a p p a r a t u s   p r i o r   to  i t s  

s t r i k i n g   the  f i lm   s u r f a c e .  

BRIEF  DESCRIPTION  OF  THE  INVENTION 

A  p h o t o g r a p h i c   e l e m e n t   is  d e s c r i b e d   wh ich   i s  

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

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

l e a s t   t h r e e   s i l v e r   h a l i d e   e m u l s i o n   l a y e r s   on  a  s u b s t r a t e .  

The  a t   l e a s t   t h r e e   e m u l s i o n   l a y e r s   a re   each   a s s o c i a t e d   w i t h  

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

as  c o l o r   c o u p l e r s   c a p a b l e   of  f o r m i n g   dyes   of  d i f f e r e n t  

c o l o r s   upon  r e a c t i o n   w i t h   an  o x i d i z e d   c o l o r   p h o t o g r a p h i c  

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

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

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

w i t h   a t   l e a s t  t w o   l a y e r s   s e n s i t i z e d   to  d i f f e r e n t   r e g i o n s   o f  

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



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

e x p o s e   o n l y   one  o t h e r   l a y e r .   Th i s   i s   done   by  p r o v i d i n g  
d i f f e r e n c e s   in  s p e e d   of  e m u l s i o n s   s e n s i t i v e   to   d i f f e r e n t  

w a v e l e n g t h s   of  t h e   i n f r a r e d .  

BRIEF  DESCRTIPTION  OF  THE  DRAWINGS 

F i g u r e s   1A,  1B,  and  1C  show  the  D  vs  logE  c u r v e s  

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

r a d i a t i o n   h a v i n g   w a v e l e n g t h s   780nm,  830nm,  and  8 9 0 n m ,  

r e s p e c t i v e l y .  

F i g u r e   2  shows  the  D  vs  logE  c u r v e   f o r   t h e  

p h o t o g r a p h i c   e l e m e n t   of  Example   2  a f t e r   e x p o s u r e   t o  

r a d i a t i o n   h a v i n g   a  w a v e l e n g t h   of  7 8 0 n m .  

DETAILED  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  shows  the  D  vs  logE  c u r v e   fo r   t h e  

p h o t o g r a p h i c   e l e m e n t   of  Example   1  when  e x p o s e d   to  7 8 0 n m  

r a d i a t i o n .   Curve   (a)  shows  the  d e n s i t y   of  t h e  

y e l l o w - f o r m i n g   l a y e r   which   is  s e n s i t i z e d   to  780nm.  C u r v e  

(b)  shows  the  d e n s i t y   of  the  m a g e n t a - f o r m i n g   l a y e r   wh ich   i s  

s e n s i t i z e d   to  830nm.  Curve   (c)  shows  the  d e n s i t y   of  t h e  

c y a n - f o r m i n g   l a y e r   wh ich   is  s e n s i t i z e d   to  8 8 0 n m .  

S e c o n d a r y   a b s o r p t i o n   is  o b s e r v e d   in  the  l o w  

d e n s i t y   r e g i o n s   ( 0 . 1   to  0 . 5 )   of  the  cyan  and  m a g e n t a   c o l o r  

D  logE  c u r v e s .   T h e s e   u n w a n t e d   low  d e n s i t y   bumps  a re   due  t o  

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

or  the  r e s i d u a l   red   a b s o r p t i o n   c h a r a c t e r i s t i c s   of  t h e  

m a g e n t a   dye  and  a r e   r e ad   w i t h   the  g r e e n   or  r e d  f i l t e r s   o f  

the  d e n s i t o m e t e r .   The  same  s e c o n d a r y   a b s o r p t i o n   in  the  c y a n  

c u r v e   of  F i g u r e   1B  is  a l s o   o b s e r v e d .   S u b t r a c t i o n   of  t h e s e  



u n w a n t e d   c o l o r - r e l a t e d   a b s o r p t i o n s   from  the  a c t u a l   e x p o s u r e  

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

F i g u r e   1B  shows  the  D  vs  logE  c u r v e   fo r   t h e  

p h o t o g r a p h i c   e l e m e n t   of  E x a m p l e   1  when  e x p o s e d   to  8 3 0 n m  

r a d i a t i o n .   Curve  (b)  shows   the  m a g e n t a - f o r m i n g   l a y e r   a n d  

C u r v e   (c)   shows  the  c y a n - f o r m i n g   l a y e r .  

F i g u r e   1C  shows  the   D  vs  l o g e   c u r v e   f o r   t h e  

p h o t o g r a p h i c   e l e m e n t   of  E x a m p l e   1  when  e x p o s e d   to  890 am 

r a d i a t i o n .   Curve   (c)  shows   the  c y a n - f o r m i n g   l a y e r .  

F i g u r e   2  shown  the   D  vs  logE  c u r v e   fo r   t h e  

p h o t o g r a p h i c   e l e m e n t   of  E x a m p l e  2   when  e x p o s e d   to  780nm 

r a d i a t i o n .   Curve   A  shows  the  y e l l o w - f o r m i n g   l a y e r .   Curve   B 

shows   the  m a g e n t a - f o r m i n g   l a y e r   in  the  e l e m e n t   w i t h o u t   a 

f i l t e r   l a y e r .   Curve  8'  shows  the  m a g e n t a - f o r m i n g   l a y e r  

when  a  f i l t e r   dye  is  p r e s e n t   b e t w e e n   l a y e r s   3  and  5.  C u r v e  

C  shows   the   c y a n - f o r m i n g   l a y e r .   The  s h i f t   in  the   D  vs  l o g E  

c u r v e   b e t w e e n   C u r v e s   B  a n d   B  i s   0 . 3 8   Log  E  u n i t s .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

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

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

c o l o r   i m a g e   or  t h r e e   c o l o r   i m a g e s   w i t h   e x p o s u r e   of  a t  

l e a s t   two  s i l v e r   h a l i d e   e m u l s i o n   l a y e r s   to  r a d i a t i o n  

o u t s i d e   t he   v i s i b l e   r e g i o n   of  the   e l e c t r o m a g n e t i c  

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

a)  a  s u b s t r a t e ,   a n d  

b)  on  one  s i d e   of  s a i d   s u b s t r a t e   a t   l e a s t   t h r e e  

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

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

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

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

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

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

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

p o r t i o n   of  the   i n f r a r e d   r e g i o n   of  the   e l e c t r o m a g n e t i c  

s p e c t r u m ,   t he   w a v e l e n g t h   of  maximum  s p e c t r a l   s e n s i t i v i t y  

of  w h i c h   s e c o n d   e m u l s i o n   d i f f e r s   by  a t   l e a s t   15  nm  f r o m  



t he   w a v e l e n g t h   of  maximum  s p e c t r a l   s e n s i t i v i t y   to  w h i c h  

s a i d   f i r s t   e m u l s i o n   is   s e n s i t i t i z e d ,   and  a  t h i r d   s i l v e r  

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

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

s p e c t r a l   s e n s i t i v i t y   of  which  p o r t i o n   d i f f e r s   by  a t  

l e a s t   15  nm  f rom  e a c h   t h e   the   w a v e l e n g t h s  o f   m a x i m u m  

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

s e n s i t i t i z e d ,   the   s e n s i t i v i t i e s   of  e a c h   of  s a i d   t h r e e  

e m u l s i o n   l a y e r s   b e i n g   such  t h a t   b e t w e e n   any  two  e m u l s i o n  

l a y e r s   w h i c h   a r e   s e n s i t i z e d   to  p o r t i o n s   of  the   i n f r a r e d  

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

h a v i n g   a  w a v e l e n g t h   of  maximum  s p e c t r a l   s e n s i t i v i t y  

wh ich   is   the   s h o r t e r   of  s a i d   two  i n f r a r e d   s e n s i t i v e  

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

s p e c t r a l   s e n s i t i v i t y   which   is  a t   l e a s t   0 .2   logE  u n i t s  

f a s t e r   t han   the   o t h e r   of  s a i d   two  i n f r a r e d   s e n s i t i v e  

l a y e r s .   I t   has   b e e n   f o u n d   t h a t   w i t h   a  d i f f e r e n c e   in  t h e  

w a v e l e n g t h s   of  a t   l e a s t   15  nm,  the   use   of  s e n s i t i v i t y  

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

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

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

s u r p r i s i n g   b e c a u s e   dyes   wh ich   s e n s i t i z e   t o  t h e   i n f r a r e d ,  

even   t h o s e   d y e s   c a p a b l e   of  J - b a n d i n g ,   t e n d   to  have   l o n g  

r a n g e s   of  a b s o r b a n c e   and  h e n c e   s e n s i t i v i t y .   F o r  

e x a m p l e ,   when  a  dye  i s   c h o s e n   to  s e n s i t i z e   an  e m u l s i o n  

a t   850  nm,  i t   w i l l   a l s o   t e n d   to  s e n s i t i z e   w i t h  

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

of  a t   l e a s t   800  to   850  nm.  Thus ,   i f   two  i d e n t i c a l  

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

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

of  s e n s i t i v i t y   a t   800  nm  and  850  nm,  r e s p e c t i v e l y ,  

e x p o s u r e   to  r a d i a t i o n   of  800  nm  wou ld   t e n d   to  e q u a l l y  

e x p o s e   bo th   e m u l s i o n s ,   t h e r e b y   p r o d u c i n g   e s s e n t i a l l y   n o  

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

B e c a u s e   of  t he   s m a l l   d e c r e a s e   in  s e n s i t i v i t y  

e f f e c t e d   by  o f t e n   l a r g e   ( e . g .   50  nm)  m o v e m e n t s   t o w a r d s  

s h o r t e r   w a v e l e n g t h s   w i t h i n   the   r e g i o n s   of  t he   e l e c t r o -  



m a g n e t i c   s p e c t r u m   in  w h i c h   an  i n f r a r e d   s e n s i t i z i n g   d y e  
w i l l   e f f e c t i v e l y   s e n s i t i z e ,   a t   l e a s t   t h e   15  nm 
d i f f e r e n c e   in  t h e   w a v e l e n g t h s   of  maximum  s p e c t r a l  

s e n s i t i v i t y   d e s i r e d .   I t   is   p r e f e r r e d   t h a t   t h e  

d i f f e r e n c e   b e t w e e n   any  two  l a y e r s   s e n s i t i v e   to   t h e  

i n f r a r e d   be  a t   l e a s t   20  nm,  more  p r e f e r r e d   t h a t   t h e  

d i f f e r e n c e   be  a t   l e a s t   35  nm,  and  m o s t   p r e f e r r e d   t h a t  

t h e   d i f f e r e n c e   in   w a v e l e n g t h s   of  maximum  s p e c t r a l  

s e n s i t i v i t y   be  a t   l e a s t   50  nm  b e t w e e n   any  two  l a y e r s  

s e n s i t i z e d   to   t h e   i n f r a r e d .   The  c l o s e r   t h e   w a v e l e n g t h s  

of  maximum  s p e c t r a l   s e n s i t i v i t y   b e t w e e n   l a y e r s ,   t h e  

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

the   h i g h e r   the   c o n t r a s t s .   The  use   of  f i l t e r   l a y e r s  

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

l e v e l s   of  s e n s i t i v i t y   d i f f e r e n c e s   b e t w e e n   l a y e r s .   By 

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

a t   the   w a v e l e n g t h s   of  maximum  s p e c t r a l   s e n s i t i v i t y   o f  

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

d i r e c t i o n   f rom  w h i c h   e x p o s u r e   o c c u r s ) ,   t h e   n e e d e d  

d i f f e r e n c e   in  s e n s i t i v i t y   of  the   l o w e r   l a y e r   can  b e  

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

The  p r e f e r r e d   a r r a n g e m e n t   of  l a y e r s   has   t h e  

w a v e l e n g t h s   of  maximum  s p e c t r a l   s e n s i t i v i t y   in  t h e  

r e s p e c t i v e   l a y e r s   g e t t i n g   l o n g e r   as  one  moves   away  f r o m  

the   d i r e c t i o n   (or   s u r f a c e )   from  w h i c h   t h e   e x p o s u r e   i s   t o  

be  made.   T h a t   i s ,   u s i n g   fo r   e x a m p l e ,   c o l o r   p a p e r   o r  

p r i n t   as  a  r e f e r e n c e ,   the   i n f r a r e d   s e n s i t i v e   l a y e r  

f u r t h e s t   f rom  t h e   p a p e r   b a s e   has  a  w a v e l e n g t h   of  m a x i m u m  

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

w a v e l e n g t h   of  maximum  s p e c t r a l   s e n s i t i v i t y   of  any  o t h e r  

e m u l s i o n   l a y e r   c l o s e r   to  the  b a s e .   T h i s   p r e f e r e n c e   i s  

b e c a u s e   s e n s i t i z a t i o n   p e a k s   of  dyes   t e n d   to  f a l l  o f f  

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

s e n s i t i v i t y   s e p a r a t i o n   more  e a s i l y   e f f e c t e d   and  f i l t e r  

d y e s   more  e a s i l y   c h o s e n .  

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

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



m a g n e t i c   s p e c t r u m ,   any  two  l a y e r s   must   have   w a v e l e n g t h s  

of  maximum  s p e c t r a l   s e n s i t i v i t y   d i f f e r i n g   by  a t   l e a s t   15  

nm  and  s p e e d   d i f f e r e n c e s   of  a t  l e a s t   0 .2   l ogE   u n i t s .  

When  two  l a y e r s   a r e   s e n s i t i v e   to  w a v e l e n g t h s   w i t h i n   t h e  

i n f r a r e d   and  the   t h i r d   is   s e n s i t i z e d   to  a  w a v e l e n g t h   i n  

the   v i s i b l e ,   such   d i f f e r e n t i a l   s p e e d   c o n s i d e r a t i o n s  

s h o u l d   no t   be  n e c e s s a r y   w i t h   a  r e a s o n a b l e   s e l e c t i o n   o f  

the   w a v e l e n g t h   of  maximum  s e n s i t i z a t i o n .   S p e c t r a l  

s e n s i t i z i n g   dyes   a r e   a v a i l a b l e   a c r o s s   t h e   e n t i r e   v i s i b l e  

s p e c t r u m   and  even   in  to  the   u l t r a v i o l e t .   One  o f  

o r d i n a r y   s k i l l   in  t he   a r t   c o u l d   t h u s   e a s i l y   s e n s i t i z e  

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

i n f r a r e d   where   t h e r e   w o u l d   be  p r a c t i c a l l y   no  o v e r l a p   i n  

s p e c t r a l   s e n s i t i z a t i o n   e f f e c t e d   by  t he   v a r i o u s  

s e n s i t i z i n g   d y e s .   For  e x a m p l e ,   t he   t h i r d   e m u l s i o n   l a y e r  

c o u l d   be  s e n s i t i z e d   more  t h a n   100  nm  b e l o w   t he   i n f r a r e d  

( b e g i n n i n g   a p p r o x i m a t e l y   a t   a b o u t   7 5 0 - 7 8 0   nm)  to  t h e  

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

s p e c t r u m .   If   fo r   any  r e a s o n   i t   were   d e s i r e d   to  have  t h e  

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

s p e c t r u m   l e s s   t h a n   100  nm  f rom  the   s h o r t e s t   w a v e l e n g t h  

w i t h i n   the   i n f r a r e d   to  w h i c h   an  e m u l s i o n   i s   s e n s i t i z e d ,  

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

the   s p e e d   of  the  e m u l s i o n   s e n s i t i z e d   to  t he   v i s i b l e   in  a  

m a n n e r   s i m i l a r   to  t h a t   done  for   s h o r t e r   w a v e l e n g t h s  

w i t h i n   the   i n f r a r e d .   If   the   e m u l s i o n   l a y e r   s e n s i t i z e d  

to  the   v i s i b l e   p o r t i o n   of  the   e l e c t r o m a g n e t i c   s p e c t r u m  

is   n e a r   to  the  i n f r a r e d   ( e . g .   w i t h i n   50  nm  of  t h e  

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

e m u l s i o n   of  the   e l e m e n t   has  been   s p e c t r a l l y   s e n s i t i z e d ) ,  

t he   s p e e d   of  the   e m u l s i o n   s e n s i t i z e d   to  t he   v i s i b l e  

s h o u l d   a l s o   be  a t   l e a s t   0 .2   or  a t   l e a s t   0 .5   l ogE   u n i t s  

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

w a v e l e n g t h   w i t h i n   the   i n f r a r e d   n e a r e s t   t he   v i s i b l e  

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

s e n s i t i z i n g   dyes   w i t h i n   the   v i s i b l e   p o r t i o n   of  t h e  

e l e c t r o m a g n e t i c   s p e c t r u m   which   form  J - b a n d s   w i l l  



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

T h e r e   s h o u l d   a l s o   be  a  d i f f e r e n c e   of  a t   l e a s t   15  nm 
b e t w e e n   the   w a v e l e n g t h s   of  maximum  s p e c t r a l   s e n s i t i v i t y  
f o r   l a y e r s   w i t h i n   and  w i t h o u t   the   i n f r a r e d .  

The  s p e e d   of  t he   e m u l s i o n   l a y e r s   i s   to  b e  

d e t e r m i n e d ,   a t   a l l   t i m e s ,   a t   the   w a v e l e n g t h   of  m a x i m u m  

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

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

w a v e l e n g t h   of  maximum  s p e c t r a l   s e n s i t i v i t y   in   t h e  

p r a c t i c e   of  t he   p r e s e n t   i n v e n t i o n ,   t h a t   i s ,   t h e  

w a v e l e n g t h   of  maximum  s e n s i t i v i t y   e f f e c t e d   by  t h e  

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

The  b r o a d e s t   r a n g e   of  c o n t r a s t s   f o r   use   i n  

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

is   a b o u t   0 .5   to  12.  The  l o w e r   l i m i t   i s   e s s e n t i a l l y   a  

f u n c t i o n   of  t he   power   a v a i l a b l e   f rom  l a s e r s   in  i m a g i n g  

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

t h e   t y p e   of  use   to   wh ich   t he   f i l m   or  p a p e r   i s   to  b e  

u s e d .   A  r a n g e   of  1  t o   11  f o r   c o n t r a s t   i s   p r e f e r r e d ;   a  

c o n t r a s t   of  2  to   8  i s   more  p r e f e r r e d .  

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

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

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

two  s i l v e r   h a l i d e   e m u l s i o n   l a y e r s   to  r a d i a t i o n   o u t s i d e  

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

c o m p r i s i n g  

a)  a  s u b s t r a t e ,   a n d  

h)  on  one  s i d e   of  s a i d   s u b s t r a t e   a t   l e a s t   t h r e e  

s i l v e r   h a l i d e   e m u l s i o n   l a y e r s ,   each   of  s a i d  

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

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

of  a  d i f f e r e n t   c o l o r   d y e ,  

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

e m u l s i o n   s e n s i t i z e d   t o  a   p o r t i o n   of  the  i n f r a r e d   r e g i o n   o f  

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

to  a  p o r t i o n   of  the.  i n f r a r e d   r e g i o n   of  the  e l e c t r o m a g n e t i c  

s p e c t r u m   which   is  of  a  s h o r t e r   w a v e l e n g t h   t han   the  p o r t i o n  

to  which   s a i d   f i r s t   e m u l s i o n   is  s e n s i t i z e d ,   and  a  t h i r d  



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

s p e c t r u m   w h i c h   is  of  a  s h o r t e r   w a v e l e n g t h   than   t h a t   p o r t i o n  
to  wh ich   s a i d   s e c o n d   e m u l s i o n   is  s e n s i t i z e d ,   a n d  

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

c o n s t r u c t i o n   s e l e c t e d   from  the  g r o u p   c o n s i s t i n g   o f :  

1)  e ach   of  the  t h r e e   l a y e r s   h a v i n g   a  c o n t r a s t  

bbetween  2  and  8  d i f f e r i n g   from  each  o t h e r   i n  

p h o t o g r a p h i c   s p e e d   such  t h a t ,   a t   an  o p t i c a l  

d e n s i t y   of  1 . 3 ,   the   s p e e d   of  the  t h i r d  

e m u l s i o n   (when  s e n s i t i z e d   to  the  i n f r a r e d )   i s  

a t   l e a s t   0 .2   logE;  u n i t s   f a s t e r   than   the  s e c o n d  

e m u l s i o n   l a y e r ,   and  the  s e c o n d   e m u l s i o n   is  a t  

l e a s t  0 . 2   logE  u n i t s   f a s t e r   than   the  f i r s t  

e m u l s i o n   l a y e r ,  

2)  b e t w e e n   s a i d   f i r s t   and  s e c o n d   e m u l s i o n   l a y e r s  

is  a  f i l t e r   l a y e r   a b s o r b i n g   i n f r a r e d   r a d i a t i o n  

in  a  r a n g e   o v e r l a p p i n g   the  r e g i o n   of  max imum 

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

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

the  i n f r a r e d   r a d i a t i o n   to  wh ich   s a i d   f i r s t  

e m u l s i o n   l a y e r   is   s e n s i t i z e d   and  when  s a i d  

t h i r d   l a y e r   is  a l s o   s e n s i t i z e d   to  the  i n f r a r e d  

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

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

i s   a  f i l t e r   l a y e r   a b s o r b i n g   r a d i a t i o n   in  a  

r a n g e   o v e r l a p p i n g   the  r e g i o n   of  max imum 

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

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

the  i n f r a r e d   r a d i a t i o n   to  wh ich   s e c o n d   l a y e r  

is  s e n s i t i z e d ,   a n d  

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

s a i d   f i r s t   and  s e c o n d   e m u l s i o n   l a y e r s   or  s a i d  

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

t h i r d   l a y e r   is  a l s o   s e n s i t i z e d   to  the  i n f r a r e d  

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

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

r e g i o n   of  maximum  s e n s i t i v i t y   of  the  one  o f  



the  two  l a y e r s   f a r t h e r   away  from  the  s u b s t r a t e  
w i t h o u t   a h s o r b i n g   more  than   f o r t y   p e r c e n t   o f  

the   i n f r a r e d   r a d i a t i o n   to  wh ich   the  o t h e r   o f  

s a i d   two  l a y e r s   is  s e n q i t i z e d   and  the  o t h e r  

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

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

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

c o n t r a s t   b e t w e e n  2   and  8  and  d i f f e r i n g   i n  

s p e e d   from  each   o t h e r   so  t h a t   at  an  o p t i c a l  

d e n s i t y   of  1 . 3 ,   the  s p e e d   of  the  e m u l s i o n  

l a y e r   f a r t h e s t   from  the  s u b s t r a t e   in  s a i d  

o t h e r   p a i r   of  e m u l s i o n   l a y e r s   is  at   l e a s t   0 . 2  

logE  u n i t s   f a s t e r   than   the  s p e e d   of  t h e  

e m u l s i o n   l a y e r   c l o s e s t   to  the  s u b s t r a t e   i n  

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

The  h i g h e r   the  c o n t r a s t   in  the  e m u l s i o n   l a y e r s   i n  

the   p r a c t i c e   of  the  p r e s e n t   i n v e n t i o n ,   the   s m a l l e r   need   b e  

the  d i f f e r e n c e s   in  s p e e d .   For  e x a m p l e ,   w i t h   a  c o n t r a s t  o f   8 

f o r   the  e m u l s i o n   l a y e r s ,   a  s p e e d   d i f f e r e n c e   of  0 . 2   l o g E  

u n i t s   a t   t h e i r   w a v e l e n g t h s   of  maximum  s e n s i t i v i t y   wou ld   b e  

s u f f i c i e n t .   Below  a b o u t   4 .5   in  c o n t r a s t ,   the  d i f f e r e n c e   i n  

s p e e d   mus t   be  at  l e a s t   0 .4   logE  u n i t s ,   and  w i t h   a  c o n t r a s t  

b e t w e e n   a b o u t  2   and  4,  the  s p e e d   d i f f e r e n c e   must   be  a t  

l e a s t   0 . 5   logrE  u n i t s .  

The  r e l a t i v e   o r d e r   in  the  r e l a t i o n s h i p   of  t h e  

e m u l s i o n   l a y e r s   of  the  p r e s e n t  i n v e n t i o n   is  i m p o r t a n t   i n  

o b t a i n i n g   b e n e f i t s   from  the  t e c h n o l o g y .   The  f i r s t   l a y e r ,  

as  d e s c r i b e d   a b o v e ,   must  be  the  e m u l s i o n   l a y e r   f a r t h e s t  

from  the   i m a g i n g   r a d i a t i o n .   Thus ,   where   e x p o s u r e   would   b e  

t h r o u g h   a  t r a n s p a r e n t   b a s e ,   the  f i r s t   l a y e r   wou ld   he  t h e  

e m u l s i o n   l a y e r   f a r t h e s t   from  the  b a s e ,   the   top  e m u l s i o n  

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

g r a p h i c   e l e m e n t s   a re   not  e x p o s e d   t h r o u g h   the  b a s e ,   and  t h e  

f i r s t   l a y e r   wou ld   n o r m a l l y   be  the  i n f r a r e d   s e n s i t i z e d  

e m u l s i o n   l a y e r   c l o s e s t   to  the  b a s e .  

As  n o t e d   a b o v e ,   i t   is  p r e f e r r e d   t h a t   a l l   of  t h e  

s i l v e r   h a l i d e   e m u l s i o n   l a y e r s   a r e   s e n s i t i z e d   to  d i f f e r e n t  



i n f r a r e d   r e g i o n s   of  the  e l e c t r o m a g n e t i c   s p e c t r u m .   I t   i s  

e s s e n t i a l   t h a t   a t   l e a s t   two  l a y e r s   be  s e n s i t i z e d   t o  

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

The  o r d e r   of  t h o s e   at  l e a s t   two  l a y e r s   must   s t i l l   be  t h a t  

the  e m u l s i o n   l a y e r   s e n s i t i z e d   to  the  l o n g e r   w a v e l e n g t h   i s  

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

s t r u c k   by  the  e x p o s i n g   r a d i a t i o n .   T h e r e   is  m o r e  

f l e x i b i l i t y   w i t h   r e s p e c t   to  the  p l a c e m e n t   of  o t h e r   s i l v e r  

h a l i d e   e m u l s i o n   l a y e r s   which   a re   s e n s i t i z e d   to  v i s i b l e  

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

a  s y s t e m   were  to  be  made  which   is  c o m p o s e d   of  t h r e e  

e m u l s i o n   l a y e r s   s e n s i t i z e d   to  800  nm  and  880  nm  and  580  nm 

( y e l l o w ) ,   f i l t e r   l a y e r s   and  r e d u c e d   s e n s i t i v i t y   of  t h e  

e m u l s i o n   l a y e r s   would   not   be  e s s e n t i a l   b e t w e e n   the  y e l l o w  

l a y e r   and  e i t h e r   of  the  i n f r a r e d   s e n s i t i v e   l a y e r s .   T h e  

d i f f e r e n t i a l   in  s e n s i t i v i t y   a n d / o r   f i l t e r   l a y e r s   w o u l d  

s t i l l   have  to  e x i s t   b e t w e e n   any  two  i n f r a r e d   s e n s i t i v e  

l a y e r s .   If   the   e l e m e n t   were  c o n s t r u c t e d   w i t h   the  e m u l s i o n  

l a y e r s   (as  c o u n t e d   from  the  b a s e )   s e n s i t i z e d   to  1)  580  nm,  

2)  800  nm,  and  3)  880  nm,  the  f i l t e r   l a y e r   ( i f   a n y ) ,   w o u l d  

have  to  be  p l a c e d   b e t w e e n   l a y e r s   2)  and  3)  or  the  e m u l s i o n  

s e n s i t i v i t i e s   must  d i f f e r ,   as  r e q u i r e d   in  the  p r a c t i c e   o f  

the  p r e s e n t   i n v e n t i o n ,   o n l y   as  b e t w e e n   l a y e r s   2)  and  3 ) .  

L a y e r   1)  wou ld   m e r e l y   be  c o n s t r u c t e d   as  a  c o n v e n t i o n a l  

y e l l o w   f o r m i n g   s i l v e r   h a l i d e   e m u l s i o n   l a y e r   (or  n e g a t i v e  

dye  f o r m i n g   l a y e r ) .   If  the  y e l l o w   l a y e r   were   p l a c e d   in  a  

c o n s t r u c t i o n   b e t w e e n   the  two  i n f r a r e d   s e n s i t i z e d   l a y e r s ,  

such   as  1)  800  nm,  2)  580  nm,  and  3)  880  nm,  any  f i l t e r  

l a y e r s   must   be  b e t w e e n   l a y e r s   1)  and  3)  and  c o u l d   be  p l a c e d  

b e t w e e n   l a y e r s   1)  and  2)  or  b e t w e e n   l a y e r s   2)  and  3 ) .  

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

to  the  p r a c t i c e   of  the  p r e s e n t   i n v e n t i o n   wou ld   he  b e t w e e n  

l a y e r s   1)  and  3 ) .   The  s e n s i t i v i t y   of  l a y e r   2)  would   b e  

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

p r o d u c e   an  e f f e c t i v e   y e l l o w   c o l o r .   T h e r e   a r e   no  

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

l a y e r  2   by  r a d i a t i o n   used  to  e x p o s e   l a y e r s   1)  or  3 ) .  



F i l t e r s   c o u l d   be  u s e d   i f   the  dyes   in  l a y e r   2)  had  a  l o n g  
t a i l   on  i t s   a b s o r p t i o n   c u r v e ,   h u t   t h a t   w o u l d   o c c u r   o n l y  
w i t h   l e s s   t han   s k i l l f u l   s e l e c t i o n   of  the  y e l l o w   s e n s i t i z i n g  

d y e .  

If   the  v i s i b l e   l i g h t   s e n s i t i v e   e m u l s i o n   l a y e r   i s  

used   as  the  e m u l s i o n   l a y e r   f a r t h e s t   from  the  b a s e ,   s i m i l a r  

c o n s i d e r a t i o n s   mus t   he  made.   The  f i l t e r   l a y e r  w o u l d   s t i l l  

have  to  be  b e t w e e n   t h e  t w o   i n f r a r e d   s e n s i t i v e   l a y e r s ,   i f   a  
f i l t e r   l a y e r   is  u s e d .   The  d i f f e r e n c e   in  e m u l s i o n  

s e n s i t i v i t y   must   a l s o   be  p r e s e n t   b e t w e e n   the  two  i n f r a r e d  

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

t e a c h i n g s   of  the  p r e s e n t   i n v e n t i o n ,   is  u s e d .  

The  i n f r a r e d   p o r t i o n   of  the  e l e c t r o m a g n e t i c  

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

c o n s i d e r e d   to  he  b e t w e e n   750  to  1500nm  w h i c h   o v e r l a p s   a  

s m a l l   p o r t i o n   of  the  v i s i b l e   r e g i o n s   of  the   e l e c t r o m a g n e t i c  

s p e c t r u m   ( e . g . ,   a b o u t   7 5 0 - 7 8 0 n m ) .   A  l a r g e   number   of  d y e s  

a re   k n o w n  t o   s e n s i t i z e   s i l v e r   h a l i d e   e m u l s i o n s   to  v a r i o u s  

p o r t i o n s   of  the  i n f r a r e d   r e g i o n   of  the  s p e c t r u m .   I n  

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

as  i n f r a r e d   s e n s i t i z e r s   for   v a r i o u s   t y p e s   of  i m a g i n g  

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

U.S.   P a t e n t   Nos.   2 , 1 0 4 , 0 6 4 ;   2 , 7 3 4 , 9 0 0 ;   2 , 8 9 5 , 9 5 5 ;  

3 , 1 2 8 , 1 7 9 ;   3 , 6 1 9 , 1 5 4 ;   3 , 6 8 2 , 6 3 0 ;   and  4 , 3 6 2 , 8 0 0   d i s c l o s e  

many  dyes   wh ich   a r e   s e n s i t i z e r s   to  the  i n f r a r e d .  

P h o t o g r a p h i c   C h e m i s t r y ,   Vol .   2,  P.  G l a f k i d e s ,   1 9 6 0 ,  

F o u n t a i n   P r e s s ,   C h a p t e r   XL,  p a g e s   8 8 2 - 9 0 1   d e s c r i b e s   t h e  

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

i n f r a r e d   as  d o e s ,   more  g e n e r a l l y ,   The  T h e o r y   of  t h e  

P h o t o g r a p h i c   P r o c e s s ,   3rd  Ed . ,   Mees  and  J a m e s ,   1 9 6 6 ,  

C h a p t e r   I I ,   e s p .   pp.  199  and  2 0 5 .  

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

known  i n f r a r e d   s e n s i t i z i n g   d y e s .   T h e s e   dyes   a r e   d e s c r i b e d  

in  Mees  and  J a m e s ,   s u p r a ;   G l a f k i d e s ,   s u p r a ;   and  U.S.   p a t e n t  

2 , 8 9 5 , 9 5 5 .  

In  o r d e r   t h a t   each   e m u l s i o n   is   s e n s i t i z e d   t o  

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



s e n s i t i z i n g   d y e s   c h o s e n   a re   e x t r e m e l y   i m p o r t a n t   to  t h e  

c o n s t r u c t i o n   of  the   c o l o r   m u l t i l a y e r   m a t e r i a l .   As  shown  i n  

the   f o l l o w i n g   f o r m u l a e ,   t h e s e   dye  s t r u c t u r e s   are   u s u a l l y  

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

1  and  t r i c a r b o c y a n i n e s  2   w i t h   the  a u x o c h r o m i c   p o r t i o n s   o f  

the  dyes   b e i n g   l e p i d i n e   3,  q u i n o l i n e   4,  n a p h t h o t h i a z o l e   5 ,  

b e n z o t h i a z o l e   6,  and  so  f o r t h .   H e t e r o c y c l i c s   may  a l s o   b e  

i n t r o d u c e d   i n t o   the  m e t h i n e   c h a i n   to  i n c r e a s e   r i g i d i t y   a n d  

s t a b i l i t y   of  the  dye  m o l e c u l e .  

Some  t y p i c a l   J R - s e n s i t i z i n g   d y e s   7  -   9  a re   s h o w n  

in  the  f o l l o w i n g   f o r m u l a e .   Each  of  t h e s e   dyes   was  a d d e d   t o  

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

were  e x p o s e d   a t   v a r i o u s   t i m e s   w i t h   the  e m i s s i o n   from  a  

t u n g s t e n - l a m p   s o u r c e   on  a  wedge  s p e c t r o g r a p h .   T h e  

c h a r a c t e r i s t i c   s h a p e   of  t h e i r   c u r v e s   is  a  b r o a d   t a i l   o f  

s e n s i t i z a t i o n   s t r e t c h i n g   150  to  300nm  from  the  peak  o f  

maximum  s e n s i t i z a t i o n   to  the  s h o r t e r   w a v e l e n g t h   s i d e   of  t h e  

s p e c t r u m ,   bu t   a  n a r r o w   t a i l   of  s e n s i t i z a t i o n   a p p r o x i m a t e l y  

50  to  70nm  wide   on  the  l o n g e r   w a v e l e n g t h   s i d e .   O t h e r  

c y a n i n e - t y p e   d y e s   1 0  -   20  w i t h   v a r i o u s   a u x o c h r o m i c   e n d  

g r o u p s   a l s o   e x h i b i t e d   s i m i l a r   s e n s i t i z a t i o n   c u r v e s   on  t h e  

e m u l s i o n .   The  w a v e l e n g t h   of  the  peak   of  maximum 

s e n s i t i z a t i o n   ( P e a k )   and  the  w a v e l e n g t h   of  the  p o i n t  a t  

which   minimum  s e n s i t i z a t i o n   at   l o n g e r   w a v e l e n g t h s   o c c u r  

(Minimum)  a r e   shown .   Any  of  the  known  u s e f u l   a n i o n s   may  b e  

a s s o c i a t e d   w i t h   t h e s e   c o m p o u n d s ,   bu t   I - ,   B r - ,   t o s y l a t e ,   a n d  

p a r a - t o l u e n e   s u l f o n a t e   a re   p r e f e r r e d .  

T h e s e   i n f r a r e d   s e n s i t i z i n g   d y e s ,   l i k e   most   o t h e r  

s e n s i t i z i n g   dyes   do  not  have  m o n o c h r o m a t i c   a b s o r p t i o n  

c u r v e s ,   but   a b s o r b ,   and  t hus   s e n s i t i z e   to,   a  r a n g e   o f  

r a d i a t i o n   w a v e l e n g t h s  E v e n   J - b a n d i n g   d y e s ,   which   t e n d   t o  

have  a  n a r r o w e r   r a n g e   of  a b s o r p t i o n   for   each  dye ,   a b s o r b  

ove r   a  r a n g e   of  the  e l e c t r o m a g n e t i c   s p e c t r u m .   This   r a n g e  

can  e x t e n d   f rom  a  few  n a n o m e t e r s   up  to  a  few  h u n d r e d  

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

l a s e r s   can  he  e s s e n t i a l l y   m o n o c h r o m a t i c ,   the  s p e c t r a l  

s e n s i t i v i t i e s   of  even  s i n g l e   l a y e r   e m u l s i o n s   may  h a v e  



maximum  s e n s i t i v i t i e s   a t   the   w a v e l e n g t h   of  the   e x p o s i n g  
r a d i a t i o n ,   but   s t i l l   b r a c k e t   t h a t   w a v e l e n g t h   w i t h   a  r a n g e  
of  s e n s i t i v i t y .  

S t a t e   of  the   a r t   i n f r a r e d   l a s e r   d i o d e s   t end   t o  

e m i t   r a d i a t i o n   b e t w e e n   w a v e l e n g t h s   of  7 5 0 - 9 5 0 n m .   Th i s   t e n d s  

to  be  too  n a r r o w   a  r a n g e   to  a l l o w   f o r   m u l t i p l e   l a y e r  

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

s e n s i t i v i t y .   S e n s i t i z i n g   dyes   s e l e c t e d   to  s e n s i t i z e   a t  

a b o u t   780,   830,  and  880,   for   e x a m p l e ,   w o u l d   h a v e  

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

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

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

s e n s i t i z i n g   r a n g e s   wou ld   c a u s e   poor   f a i t h f u l n e s s   in  c o l o r  

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

l a y e r s   by  the  same  w a v e l e n g t h   of  r a d i a t i o n .   T h e  

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

of  h i g h   q u a l i t y   c o l o r   p h o t o g r a p h i c   i m a g e s ,   even   where   t h e  

v a r i o u s   e m u l s i o n   l a y e r s   a re   s e n s i t i z e d   to  m a x i m i z e  

s e n s i t i v i t y   at  p e a k s   w i t h i n   f i f t y   n a n o m e t e r s   of  each   o t h e r .  

Any  of  the  v a r i o u s   t y p e s   of  p h o t o g r a p h i c   s i l v e r  

h a l i d e   e m u l s i o n s   may  be  u s e d   in  the  p r a c t i c e   of  the  p r e s e n t  

i n v e n t i o n .   S i l v e r   c h l o r i d e ,   s i l v e r   b r o m i d e ,   s i l v e r  

i o d o b r o m i d e ,   s i l v e r   c h l o r o b r o m i d e ,   s i l v e r  

c h l o r o b r o m o i o d i d e ,   and  m i x t u r e s   t h e r e o f   may  be  u s e d ,   f o r  

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

h e x a g o n a l ,   e p i t a x i a l ,   or  t a b u l a r   ( h i g h   a s p e c t   r a t i o )   g r a i n s  

may  be  u s e d .   T h e  c o u p l e r s   may  he  p r e s e n t   e i t h e r   d i r e c t l y  

bound   by  a  h y d r o p h i l i c   c o l l o i d   or  c a r r i e d   in  a  h i g h  

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

w i t h i n   a  h y d r o p h i l i c   c o l l o i d .   The  c o l l o i d   may  be  p a r t i a l l y  

h a r d e n e d   or  f u l l y   h a r d e n e d   by  any  of  the  v a r i o u s l y   k n o w n  

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

( U . S .   P a t .   3 , 2 3 2 , 7 6 4 ) ,   a l d e h y d e   r e l e a s i n g   c o m p o u n d s   ( U . S .  

P a t .   2 , 8 7 0 , 0 1 3   and  3 , 8 1 9 , 6 0 8 ) ,   s - t r i a z i n e s   and  d i a z i n e s  

( U . S .   P a t .   3 , 3 7 2 5 , 2 8 7   and  3 , 9 9 2 , 3 6 6 ) ,   a z i r i d i n e s   (U.S .   P a t .  

3 , 2 7 1 , 1 7 5 ) ,   v i n y l s u l f o n e s   (U.S .   P a t .   3 ,  4 9 0 , 9 1 1 ) ,  

c a r b o d i i m i d e s ,   and  the  l i k e   may  be  u s e d .  



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

u s e d   to  form  dye  i m a g e s   t h e r e i n   t h r o u g h   the  s e l e c t i v e  

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

a b o v e   f o r   f o r m i n g   s i l v e r   i m a g e s   can  be  used   to  form  d y e  

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

f o r m e r s ,   such  as  c o l o r   c o u p l e r s ,   as  i l l u s t r a t e d   by  U . K .  

P a t .   No.  4 7 8 , 9 8 4 ,   Yager   e t   a l .   U.S.   P a t .   No.  3 , 1 1 3 , 8 6 4 ,  

V i t t u m   et   al,.  U.S.  Pat  Nos.   3 , 0 0 2 , 0 3 . 6 ,   2 , 2 7 1 , 2 3 8   a n d  

2 , 3 6 2 , 5 9 8 .   Schwan  et  a l .   U.S.   P a t .   No.  2 , 9 5 0 , 9 7 0 ,   C a r r o l l  

et   a l .   U.S .   P a t .   No.  2 , 5 9 2 , 2 4 3 ,   P o r t e r   et  a l .   U.S.   P a t .  

Nos .   2 , 3 4 3 , 7 0 3 ,   2 , 3 7 6 , 3 8 0   and  2 , 3 6 9 , 4 8 9 ,   S p a t h   U.K.  P a t .  

No.  8 8 6 , 7 2 3   and  U.S.  P a t .   No.  2 , 8 9 9 , 3 0 6 ,   T u i t e   U.S.   P a t .  

No.  3 , 1 5 2 , 8 9 6   and  Mannes  e t   a l .   U.S.  P a t .   Nos.  2 , 1 1 5 , 3 9 4 ,  

2 , 2 5 2 , 7 1 8   and  2 , 1 0 8 , 6 0 2 ,   and  P i l a t o   U.S.  P a t .   N o .  

3 , 5 4 7 , 6 5 0 .   In  t h i s   form  the  d e v e l o p e r   c o n t a i n s   a  

c o l o r - d e v e l o p i n g   a q e n t   ( e . g . ,   a  p r i m a r y   a r o m a t i c   a m i n e  

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

c o u p l e r   ( c o u p l i n g )   to  form  the  image  dye .   A l s o ,   i n s t a n t  

s e l f - d e v e l o p i n g   d i f f u s i o n   t r a n s f e r   f i l m   can  be  used   as  w e l l  

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

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

and  l e u c o   d y e s .  

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

the  p h o t o g r a p h i c   e l e m e n t s ,   as  i l l u s t r a t e d   by  S c h n e i d e r   e t  

a l .   Die  C h e m i e ,   Vol .   57,  1944 ,   p.  113,   Mannes  e t   a l .   U . S .  

P a t .   No.  2 , 3 0 4 , 9 4 0 ,   M a r t i n e z   U.S.  P a t .   No.  2 , 2 6 9 , 1 5 8 ,  

J e l l e y   et  a l .   U.S.  P a t .   No.  2 , 3 2 2 , 0 2 7 ,   F r o l i c h   et   a l .   U . S .  

P a t .   No.  2 , 3 7 6 , 6 7 9 ,   F i e r k e   et  a l .   U.S.   P a t .   No.  2 , 8 0 1 , 1 7 1 ,  

S m i t h   U.S .   P a t .   No.  3 , 7 4 8 , 1 4 1 ,   Tong  U.S.   P a t .   No.  2 , 7 7 2 , 1 6 3 ,  

T h i r t l e   et  a l .   U.S.  P a t .   No.  2 , 8 3 5 , 5 7 9 ,   Sawdey  et   a l .   U . S .  

P a t .   No.  2 , 5 3 3 , 5 1 4 ,   P e t e r s o n   U.S.   P a t .   No.  2 , 3 5 3 , 7 5 4 ,  

S e i d e l   U.S.   P a t .   No.  3 , 4 0 9 , 4 3 5   and  C h e n  R e s e a r c h  

D i s c l o s u r e ,   Vol .   159,  J u l y   1977 ,   I tem  1 5 9 3 0 .   The  d y e -  

f o r m i n g   c o u p l e r s   can  be  i n c o r p o r a t e d   in  d i f f e r e n t   a m o u n t s  

to  a c h i e v e   d i f f e r i n g   p h o t o g r a p h i c   e f f e c t s .   For  e x a m p l e ,  

U.K.  P a t .   No.  9 2 3 , 0 4 5   and  Kumai  et   a l .   U.S.  P a t .   N o .  

3 , 8 4 3 , 3 6 9   t e a c h   l i m i t i n g   the  c o n c e n t r a t i o n   of  c o u p l e r   i n  



r e l a t i o n   to  the  s i l v e r   c o v e r a g e   to  l e s s   t h a n   n o r m a l l y  

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

l a y e r s .  

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

form  s u b t r a c t i v e   p r i m a r y   ( i . e . ,   y e l l o w ,   m a g e n t a   and  c y a n )  

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

as  two  and  f o u r   e q u i v a l e n t   c o u p l e r s   of  the  open  c h a i n  

k e t o m e t h y l e n e ,   p y r a z o l o n e ,   p y r a z o l o t r i a z o l e ,  

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

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

o r g a n i c   ( c o u p l e r )   s o l v e n t s .   Such  c o u p l e r s   a r e   i l l u s t r a t e d  

by  S a l m i n e n   e t   a l .   U.S.   P a t .   Nos.  2 , 4 2 3 , 7 3 0 ,   2 , 7 7 2 , 1 6 2 ,  

2 , 8 9 5 , 8 2 6 ,   2 , 7 1 0 , 8 0 3 ,   2 , 4 0 7 , 2 0 7 ,   3 , 7 3 7 , 3 1 6   and  2 , 3 6 7 , 5 3 1 ,  

L o r i a   e t   a l .   U.S.   P a t .   Nos.   2 , 7 7 2 , 1 6 1 ,   2 , 6 0 0 , 7 8 8 ,  

3 , 0 0 6 , 7 5 9 ,   3 , 2 1 4 , 4 3 7   and  3 , 2 5 3 , 9 2 4 ,   M c C r o s s e n   et   a l .   U . S .  

P a t .   No.  2 , 8 7 5 , 0 5 7 ,   Bush  et   a l .   U.S.  P a t .   No.  2 , 9 0 8 , 5 7 3 ,  

G l e d h i l l   e t   a l .   U.S .   P a t .   No.  3 , 0 3 4 , 8 9 2 ,   W e i s s b e r g e r   e t   a l .  

U .S .   P a t .   Nos.   2 , 4 7 4 , 2 9 3 ,   2 , 4 0 7 , 2 1 0 ,   3 , 0 6 2 , 6 5 3 ,   3 , 2 6 5 , 5 0 6  

and  3 , 3 8 4 , 6 5 7 ,   P o r t e r   et   a l .   U.S.   P a t .   No.  2 , 3 4 3 , 7 0 3 ,  

G r e e n h a l g h   e t   a l .   U.S .   P a t .   No.  3 , 1 2 7 , 2 6 9 ,   F e n i a k   et   a l .  

U.S .   P a t .   No.  2 , 8 6 5 , 7 4 8 ,   2 , 9 3 3 , 3 9 1   and  2 , 8 6 5 , 7 5 1 ,   B a i l e y   e t  

a l .   U.S .   P a t .   No.  3 , 7 2 5 , 0 6 7 ,   B e a v e r s   e t   a l .   U.S .   P a t .   N o . .  

3 , 7 5 8 , 3 0 8 ,   Lau  U.S .   P a t .   No.  3 , 7 7 9 , 7 6 3 ,   F e r n a n d e z   U.S.   P a t .  

No.  3 , 7 8 5 , 8 2 9 ,   U.K.  P a t .   No.  9 6 9 , 9 2 1 ,   U.K.  P a t .   N o .  

1 , 2 4 1 , 0 6 9 ,   U.K.  P a t .   N o . 1 , 0 1 1 , 9 4 0 ,   Vanden  Eynde  et   a l .   U . S .  

P a t .   No.  3 , 7 6 2 , 9 2 1 ,   B e a v e r s   U.S.   P a t .   No.  2 , 9 8 3 , 6 0 8 ,   L o r i a  

U.S.   P a t .   Nos.   3 , 3 1 1 , 4 7 6 ,   3 , 4 0 8 , 1 9 4 ,   3 , 4 5 8 , 3 1 5 ,   3 , 4 4 7 , 9 2 8 ,  

3 , 4 7 6 , 5 6 3 ,   C r e s s m a n   e t   a l .   U.S.  P a t .   No.  3 , 4 1 9 , 3 9 0 ,   Y o u n g  

U.S.   P a t .   No.  3 , 4 1 9 , 3 9 1 ,   L e s t i n a   U.S.   P a t .   No.  3 , 5 1 9 , 4 2 9 ,  

U.K.  P a t .   No.  9 7 5 , 9 2 8 ,   U.K.  P a t .   No.  1 , 1 1 1 , 5 5 4 ,   J a e k e n   U . S .  

P a t .   No.  3 , 2 2 2 , 1 7 6   and  C a n a d i a n   P a t .   No.  7 2 6 , 6 5 1 ,   S c h u l t e  

e t   a l .   U.K.  P a t .   No.  1 , 2 4 8 , 9 2 4   and  W h i t m o r e   e t   a l .   U . S .  

P a t .   No.  3 , 2 2 7 , 5 5 0 .   D y e - f o r m i n g   c o u p l e r s   of  d i f f e r i n g  

r e a c t i o n   r a t e s   in  s i n g l e   o r  s e p a r a t e   l a y e r s   can  he  e m p l o y e d  

to  a c h i e v e   d e s i r e d   e f f e c t s   for   s p e c i f i c   p h o t o g r a p h i c  

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



The  d y e - f o r m i n g   c o u p l e r s   upon  c o u p l i n g   c a n  
r e l e a s e   p h o t o g r a p h i c a l l y   u s e f u l   f r a g m e n t s ,   such   a s  

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

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

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

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

d e s e n s i t i z e r s .   D e v e l o p m e n t   i n h i b i t o r - r e l e a s i n g  ( D I P )  

c o u p l e r s   a re   i l l u s t r a t e d   by  W h i t m o r e   et  a l .   U.S .   P a t .   N o .  

3 , 1 4 8 , 0 6 2 ,   Ba r r   e t   a l .   U.S.   P a t .   No.  3 , 2 2 7 , 5 5 4 ,   Ba r r   U . S .  

P a t .   No.  3 , 7 3 3 , 2 0 1 ,   Sawdey  U.S.   P a t .   No.  3 , 6 1 7 , 2 9 1 ,   G r o e t  

e t   a l .   U.S.   P a t .   N o .  3 , 7 0 3 , 3 7 5 ,   A b b o t t   et   a l .   U.S.   P a t .   N o .  

3 , 6 1 5 , 5 0 6 ,   W e i s s b e r g h e r   et  a l .   U.S.  P a t .   No.  3 , 2 6 5 , 5 0 6 ,  

S e y m o u r   U.S.   P a t .   No.  3 , 6 2 0 , 7 4 5 ,   Marx  e t   a l .   U.S.   P a t .   No .  

3 , 6 3 2 , 3 4 5 ,   Mader.  e t   a l .   U.S.   P a t .   N o .  3 , 8 6 9 , 2 9 1 ,   U.K.  P a t .  

No.  1 , 2 0 1 , 1 1 0 ,   O i s h i   et   a l .   U.S.  P a t .   No.  3 , 6 4 2 , 4 8 5 ,  

V e r b r u g g h e ,   U.K.  P a t .   No.  1 , 2 3 6 , 7 6 7 ,   F u j i w h a r a   e t   a l .   U . S .  

P a t .   No.  3 , 7 7 0 , 4 3 6  a n d   Ma t suo   e t   a l .   U.S.   P a t .   N o .  

3 , 8 0 8 , 9 4 5 .   D y e - f o r m i n g   c o u p l e r s   and  n o n d y e - f o r m i n g  

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

p h o t o g r a p h i c a l l y  u s e f u l   g r o u p s   a re   d e s c r i b e d   by  Lau  U . S .  

P a t .   No.  4 , 2 4 8 , 9 6 2 .   DIR  c o m p o u n d s   wh ich   do  no t   form  d y e  

upon  r e a c t i o n   w i t h   o x i d i z e d   c o l o r   d e v e l o p i n g   a g e n t s   can  b e  

e m p l o y e d ,   as  i l l u s t r a t e d   by  F u j i w h a r a   e t   a l .   German  OLS 

2 , 5 2 9 , 3 5 0   and  U.S .   P a t .   Nos.   3 , 9 2 8 , 0 4 1 ,   3 , 9 5 8 , 9 9 3   a n d  

3 , 9 6 1 , 9 5 9 ,   O d e n w a l d e r   e t   a l .   German  OLS  No.  2 , 4 4 8 , 0 6 3 ,  

T a n a k a   et  a l .   German  OLS  No.  2 , 6 1 0 , 5 4 6 ,   K i k u c h i   e t   a l .   U . S .  

P a t .   No.  4 , 0 4 9 , 4 5 5   and  C r e d n e r   et  a l .   U.S.   P a t .   No .  

4 , 0 5 2 , 2 1 3 .   DTR  c o m p o u n d s   which   o x i d a t i v e l y   c l e a v e   can  b e  

e m p l o y e d ,   as  i l l u s t r a t e d   by  P o r t e r   e t   a l .   U.S .   P a t .   No .  

3 , 3 7 9 , 5 2 9 ,   Green   et   a l .   U.S .   P a t .   No.  3 , 0 4 3 , 6 9 0 ,   B a r r   U . S .  

P a t .   No.  3 , 3 6 4 , 0 2 2 ,   D u e n n e b i e r   et  a l .   U . S .  P a t .   N o .  

3 , 2 9 7 , 4 4 5   and  Pees   e t  a l .   U.S.   P a t .   No.  3 , 2 8 7 , 1 2 9 .   S i l v e r  

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

such   as  Lipmann  e m u l s i o n s ,   h a v i n g   been  u t i l i z e d   a s  

i n t e r l a y e r s   and  o v e r c o a t   l a y e r s   to  p r e v e n t   or  c o n t r o l   t h e  

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

i n  S h i b a   e t  a l .   U.S.   P a t .   No.  3 , 8 9 2 , 5 7 2 .  



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

d y e - f o r m i n g   c o u p l e r s ,   such   as  t h o s e   e m p l o y e d   to  f o r m  

i n t e g r a l   masks   fo r   n e g a t i v e   c o l o r   i m a g e s ,   as  i l l u s t r a t e d   b y  

Hanson   U.S .   P a t .   No.  2 , 4 4 9 , 9 6 6 ,   G l a s s   e t   a l .   U .S .   P a t .   N o .  

2 , 5 2 1 , 9 0 8 ,   G l e d h i l l   e t   a l .   U.S.   P a t .   No.  3 , 0 3 4 , 8 9 2 ,   L o r i a  

U.S .   P a t .   No.  3 , 4 7 6 , 5 6 3 ,   L e s t i n a   U.S.   P a t .   No.  3 , 5 1 9 , 4 2 9 ,  

F r i e d m a n   U.S.   P a t .   No.  2 , 5 4 3 , 6 9 1 ,  P u s c h e l   e t   a l .   U.S .   P a t .  

No.  3 , 0 2 8 , 2 3 8 ,   Mendel   et  a l .   U.S.   P a t .   No.  3 , 0 6 1 , 4 3 2   a n d  

G r e e n h a l g h   U.K.  P a t .   No.  1 , 0 3 5 , 9 5 9 ,   a n d / o r   c o m p e t i n g  

c o u p l e r s ,   as  i l l u s t r a t e d   by  Murin  et   a l .   U .S .   P a t .   N o .  

3 , 8 7 6 , 4 2 8 ,   S a k a m o t o   et   a1 .   U.S.   P a t .   No.  3 , 5 8 0 , 7 2 2 ,   P u s c h e l  

U.S .   P a t .   No.  2 , 9 9 8 , 3 1 4 ,   W h i t m o r e   U.S.   P a t .   No.  2 , 8 0 8 , 3 2 9 ,  

S a l m i n e n   U.S .   P a t .   No.  2 , 7 4 2 , 8 3 2   and  W e l l e r   e t   a l .   U . S .  

P a t .   No.  2 , 6 8 9 , 7 9 3 .  

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

m a t e r i a l s   shown  in  the  l i s t   of  c o m p o u n d s   as  n u m b e r s   2 1 - 2 4 .  

As  p r e v i o u s l y   n o t e d ,   the  c o l o r   p r o v i d e d   in  t h e  

image   p r o d u c e d   by  e x p o s u r e   of  each   of  the  d i f f e r e n t l y  

s e n s i t i z e d   s i l v e r   h a l i d e   e m u l s i o n   l a y e r s   d o e s   no t   have  t o  

be  p r o d u c e d   by  c o l o r   c o u p l e r   r e a c t i o n   w i t h   o x i d i z e d   c o l o r  

d e v e l o p e r s .   A  number   of  o t h e r   c o l o r   image  f o r m i n g  

m e c h a n i s m s   w e l l   known  in  the  a r t   can  a l s o   be  u s e d .   A m o n g s t  

the   c o m m e r c i a l l y   a v a i l a b l e   c o l o r   image  f o r m i n g   m e c h a n i s m s  

a r e   the  d i f f u s i o n   t r a n s f e r   of  d y e s ,   d y e - b l e a c h i n g ,   a n d  

l e u c o   dye  o x i d a t i o n .   Each  of  t h e s e   p r o c e d u r e s   is  used   i n  

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

s k i l l e d   p h o t o g r a p h i c   a r t i s a n ,   and  is   used   w i t h   s i l v e r  

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

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

C o n v e r t i n g   the  e x i s t i n g   c o m m e r c i a l l y   a v a i l a b l e   s y s t e m s   t o  

the   p r a c t i c e   of  the  p r e s e n t   i n v e n t i o n   c o u l d   be  done  b y  

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

s y s t e m   a n d / o r   the  a d d i t i o n   of  i n t e r m e d i a t e   f i l t e r   l a y e r s  

a c c o r d i n g   to  the  t e a c h i n g s   of  the   p r e s e n t   i n v e n t i o n .   F o r  

e x a m p l e ,   in  a  c o n v e n t i o n a l   i n s t a n t   c o l o r ,   dye  t r a n s f e r  

d i f f u s i o n   e l e m e n t ,   the  s e n s i t i v i t y   of  the  v a r i o u s   l a y e r s  

a n d / o r   the   a r r a n g e m e n t   of  f i l t e r s   b e t w e e n   the   s i l v e r   h a l i d e  



e m u l s i o n   l a y e r s   would   be  d i r e c t e d   by  the  t e a c h i n g s   of  t h e  

p r e s e n t   i n v e n t i o n ,   the  e l e m e n t   o t h e r w i s e   r e m a i n i n g   t h e  

s a m e .   T h i s   would  be  t r u e   w i t h   e i t h e r   n e g a t i v e - a c t i n g   o r  

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

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

must   be  g i v e n   to  such  a  c o n s t r u c t i o n   is  to  i n s u r e   t h a t   t h e  

p l a c e m e n t   of  any  f i l t e r   l a y e r s   does  not  p r e v e n t   t r a n s f e r   o f  

the  d i f f u s i o n   dye  to  a  r e c e p t o r  l a y e r   w i t h i n   the   e l e m e n t .  

U s i n g   a  f i l t e r   wh ich   is  not   a  b a r r i e r   l a y e r   b e t w e e n   t h e  

r e c e p t o r   l a y e r   and  the   d y e - c o n t a i n i n g   l a y e r   is  the  s i m p l e s t  

way  to  a d d r e s s   t h a t   c o n s i d e r a t i o n .   Such  a  l a y e r   s h o u l d   n o t  

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

l a y e r .  

These   t y p e s   of  i m a g i n g   s y s t e m s   a re   w e l l   known  i n  

the  a r t .   D e t a i l e d   d i s c u s s i o n s   of  v a r i o u s   dye  t r a n s f e r ,  

d i f f u s i o n  p r o c e s s e s   may  be  found   for   e x a m p l e   in  "A 

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

P h o t o g r a p h y " ,   W.  T.  H a r i s o n ,   J r . ,   P h o t o g r a p h i c   S c i e n c e   a n d  

E n g i n e e r i n g ,   Vol .   20,  N o .  4 ,   J u l y / A u g u s t   1976 ,   a n d  

N e b l e t t e ' s   Handbook   of  P h o t o g r a p h y   and  R e p r o g r a p h y ,  

M a t e r i a l s ,   P r o c e s s e s   and  S y s t e m s ,   7th  E d i t i o n ,   John   M. 

S t u n g e ,   Van  N o s t r a n d   R e i n h o l d   Company,  N . Y . ,   1 9 7 7 ,   p p .  
3 2 4 - 3 3 0   and  126.   D e t a i l e d   d i s c u s s i o n   of  d y e - b l e a c h   c o l o r  

i m a g i n g   s y s t e m s   a re   f o u n d   f o r   e x a m p l e   in  T h e  R e p r o d u c t i o n  

of  C o l o u r ,   3rd  Ed . ,   R.  W.  G.  Hunt ,   F o u n t a i n   P r e s s ,   L o n d o n ,  

E n g l a n d   1975  pp.  3 2 5 - 3 3 0 ;   and  The  T h e o r y   of  t h e  

P h o t o g r a p h i c   P r o c e s s ,   4 th   E d . ,   Mees  and  J a m e s ,   M a c m i l l a n  

P u b l i s h i n g   Co. ,   I n c . ,   N . Y . ,   1977  pp.  3 6 3 - 3 6 6 .   P a g e s  

3 6 6 - 3 7 2   of  Mees  and  J a m e s ,   s u p r a ,   a l s o   d i s c u s s   d y e - t r a n s f e r  

p r o c e s s e s   in  g r e a t   d e t a i l .   Leuco  dye  o x i d a t i o n   in  s i l v e r  

h a l i d e   s y s t e m s   a re   d i s c l o s e d   in  such  l i t e r a t u r e   as  U . S .  

P a t e n t   Nos.   4 , 4 6 0 , 6 8 1 ,   4 , 3 7 4 , 8 2 1 ,   and  4 , 0 2 1 , 2 4 0 .  

As  p r e v i o u s l y   n o t e d ,   t h e s e   e x i s t i n g   c o l o r   f o r m i n g  

s y s t e m s   may  be  m o d i f i e d   by  the  o r d i n a r i l y   s k i l l e d   a r t i s a n  

a c c o r d i n g   to  the  t e a c h i n g s   of  the  p r e s e n t   i n v e n t i o n .   F o r  

e x a m p l e ,   in  the  m u l t i l a y e r   c o l o r   p h o t o t h e r m o g r a p h i c  

a r t i c l e   of  Example   1  of  U.S .   P a t e n t   No.  4 , 4 6 0 , 6 8 1   t h e  



f o l l o w i n g   s t e p s   w o u l d   be  t a k e n   to  c o n v e r t   the   e l e m e n t   t o  

the  p r a c t i c e   of  the   p r e s e n t   i n v e n t i o n .   The  s e n s i t i z i n g   d y e  

u s e d   to  s p e c t r a l l y   s e n s i t i z e   the  f i r s t   s i l v e r   h a l i d e  

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

s e n s i t i z i n g   dye  used   to  s e n s i t i z e   the  f i r s t   e m u l s i o n   l a y e r  

of  E x a m p l e   1  of  the  p r e s e n t   a p p l i c a t i o n .   The  f i l t e r   l a y e r  

d e s c r i b e d   i n  E x a m p l e  2   of  the  p r e s e n t   a p p l i c a t i o n   wou ld   b e  

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

c o l o r   in  the  f i r s t   d e p o s i t e d   s e r i e s   of  l a y e r s   in  E x a m p l e   1 

of  U .S .   P a t e n t   4 , 4 6 0 , 6 8 1 .   Tha t   f i l t e r   l a y e r   c o u l d   a l s o  

f u n c t i o n   as  the  b a r r i e r   l a y e r   r e q u i r e d   in  the   p r a c t i c e   o f  

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

the   f o r m a t i o n   of  the  n e x t   c o l o r   a c c o r d i n g   to  U . S .   P a t e n t  

4 , 4 6 0 , 6 8 1   would   then   be  d e p o s i t e d ,   the  s p e c t r a l   s e n s i t i z i n g  

dye  of  t h a t   e x a m p l e   b e i n g   r e p l a c e d   by  the  s p e c t r a l  

s e n s i t i z i n g   dye  of  R x a m p l e   1  of  the  p r e s e n t   a p p l i c a t i o n .  

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

c o u l d   t hen   be  the  same  as  t h o s e   d e s c r i b e d   in  the   p a t e n t   i f  

l i g h t - s e n s i t i v i t y   of  the   e l e m e n t   (due  to  t h e  

l i g h t - s e n s i t i v i t y   of  the   l a y e r s   f o r m i n g   the  t h i r d   c o l o r )  

c o u l d   be  t o l e r a t e d .   I f   t i g h t - s e n s i t i v i t y   is  no t   d e s i r e d ,  

the  s e c o n d   f i l t e r   l a y e r   of  Example   2  of  the   p r e s e n t  

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

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

c o l o r   f o r m i n g   l a y e r s   of  Example   1  of  U .S .   P a t e n t   4 , 4 6 0 , 6 8 1  

w o u l d   then   be  a p p l i e d   o v e r   the  f i l t e r   l a y e r ,   and  t h e  

s e n s i t i z i n g   dye  in  t h a t   s i l v e r   h a l i d e   e m u l s i o n   l a y e r  

r e p l a c e d   w i t h   the  s p e c t r a l   s e n s i t i z i n g   dye  of  the   t o p  

e m u l s i o n   l a y e r   of  E x a m p l e   1  of  the  p r e s e n t   a p p l i c a t i o n .  

A n a l o g o u s   s u b s t i t u t i o n   of  s e n s i t i z i n g   d y e s ,   a d d i t i o n   o f  

f i l t e r   l a y e r s ,   a n d / o r   m o d i f i c a t i o n   of  the   r e l a t i v e  

s e n s i t i v i t i e s   of  s i l v e r   h a l i d e   l a y e r s   in  any  of  the  o t h e r  

known  c o l o r   i m a g i n g   p r o c e s s e s   c o u l d   a l s o   be  r e a d i l y  

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

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

s u c h   as  t h o s e   d i s c l o s e d   in  U.K.  P a t e n t   3 , 1 0 0 , 4 5 8 A   a r e   a l s o  

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



The  p h o t o g r a p h i c   e l e m e n t s   can  i n c l u d e   image  d y e  
s t a b i l i z e r s .   Such  image  dye  s t a b i l i z e r s   a re   i l l u s t r a t e d   b y  

U.K.  P a t .   No.  1 , 3 2 6 , 8 0 9 ,   L e s t i n a   et  a l .   U.S.   P a t .   N o s .  

3 , 4 3 2 , 3 0 0   and  3 , 6 9 8 , 9 0 9 ,   S t e r n   et  a l .   U.S.  P a t .   No.  

3 , 5 7 4 , 6 2 7 ,   B r a n n o c k   et   a l .   U.S.  P a t .   No.  3 , 5 7 3 , 0 5 0 ,   Ara i   e t  

a l .   U.S.   P a t .   No.  3 , 7 6 4 , 3 3 7   and  Smi th   et   a l .   U.S.   P a t .   No.  

4 , 0 4 2 , 3 9 4 .  

F i l t e r   dyes   a r e   m a t e r i a l s   w e l l   known  to  t h e  

p h o t o g r a p h i c   c h e m i s t .   The  dyes   where   u s e d ,   must   be  s e l e c t e d  

on  the  b a s i s   of  t h e i r   r a d i a t i o n   f i l t e r i n g   c h a r a c t e r i s t i c s  

to  i n s u r e   t h a t   t hey   f i l t e r   the   a p p r o p r i a t e   w a v e l e n g t h s .  

F i l t e r   dyes   and  t h e i r   m e t h o d s   of  i n c o r p o r a t i o n   i n t o  

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

s u c h   as  U.S .   P a t e n t   Nos.   4 , 4 4 0 , 8 5 2 ;   3 , 6 7 1 , 6 4 8 ;   3 , 4 2 3 , 2 0 7 ;  

and  2 , 8 9 5 , 9 5 5 ;   U.K.  P a t e n t   N o . 4 8 5 , 6 2 4 ,   and  R e s e a r c h  

D i s c l o s u r e ,   Vo l .   176,  D e c e m b e r   1978 ,   I tem  1 7 6 4 3 .   F i l t e r  

d y e s   can  be  used   in  the  p r a c t i c e   of  the   p r e s e n t   i n v e n t i o n  

to  p r o v i d e   r o o m - l i g h t   h a n d l e a b i l i t y   to  the  e l e m e n t s .   D y e s  

w h i c h   w i l l   not   a l l o w   t r a n s m i s s i o n   of  r a d i a t i o n   h a v i n g  

w a v e l e n g t h s   s h o r t e r   than   the  s h o r t e s t   w a v e l e n g t h   to  w h i c h  

one  of  the   e m u l s i o n   l a y e r s   has  been  s e n s i t i z e d   can  be  u s e d  

in  a  l a y e r   above   one  or  more  ( p r e f e r a b l y   a l l )   of  t h e  

e m u l s i o n   l a y e r s .   The  c u t - o f f   f i l t e r   dye  p r e f e r a b l y   does   n o t  

t r a n s m i t   l i g h t   more  than   a p p r o x i m a t e l y   50nm  l e s s   than   t h e  

s h o r t e s t   w a v e l e n g t h   to  wh ich   any  of  the  e m u l s i o n   l a y e r s  

have   been  s e n s i t i z e d .   F i l t e r   dyes   s h o u l d   a l s o   be  p r o v i d e d  

w i t h   n o n - f u g i t i v e   ( i . e . ,   n o n - m i g r a t o r y )   c h a r a c t e r i s t i c s   a n d  

s h o u l d   he  d e c o l o r i z a b l e   (by  b l e a c h i n g   in  d e v e l o p e r   or  h e a t ,  

f o r   e x a m p l e )   or  l e a c h a b l e   ( e . g . ,   r emoved   by  s o l v e n t   a c t i o n  

of  any  b a t h s ) .  

O t h e r   c o n v e n t i o n a l   p h o t o g r a p h i c   a d d e n d a   such  a s  

c o a t i n g   a i d s ,   a n t i s t a t i c   a g e n t s ,   a c u t a n c e   d y e s ,  

a n t i h a l a t i o n   dyes   and  l a y e r s ,   a n t i f o g g a n t s ,   l a t e n t   i m a g e  

s t a b i l i z e r s ,   a n t i k i n k i n g   a g e n t s ,   and  the  l i k e   may  a l s o   b e  

p r e s e n t .  

A l t h o u g h   not   e s s e n t i a l   in  the   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 ,   one  p a r t i c u l a r l y   i m p o r t a n t   c l a s s   o f  



a d d i t i v e s   w h i c h   f i n d s   p a r t i c u l a r   a d v a n t a g e   in  the   p r a c t i c e  
of  the  p r e s e n t   i n v e n t i o n   is  h igh   i n t e n s i t y   r e c i p r o c i t y  

f a i l u r e   (HIRF)  r e d u c e r s .   Amongs t   the  many  t y p e s   of  s t a b i l i -  

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

n a t e s   ( U . S .   P a t .   No.  2 , 5 6 6 , 2 6 3 ) ,   i r i d i u m   a n d / o r   r h o d i u m  

s a l t s   ( U . S .   P a t .   No.  2 , 5 6 6 , 2 6 3 ;   3 , 9 0 1 , 7 1 3 ) ,   and  c y a n o r -  
h o d a t e s   (Beck   et   a l . ,   J .  S i g n a l a u f z e i c h n u n g s m a t e r i a l e n ,  

1976,   4,  1 3 1 ) .  

R x a m p l e  1  

A  m u l t i - l a y e r e d   I R - s e n s i t i v e   p h o t o g r a p h i c   c o l o r  

m a t e r i a l   was  p r e p a r e d   by  c o a t i n g   in  o r d e r   on  r e s i n - c o a t e d  

p a p e r   b a s e   the  f o l l o w i n g   l a y e r s :  

The  f i r s t   l a y e r :   a  g e l a t i n   c h e m i c a l l y  

s u l f u r - s e n s i t i z e d   s i l v e r   c h l o r o b r o m i d e   e m u l s i o n   (88mol   % 

Br,   4.2%  Ag,  and  a p p r o x i m a t e l y   0 .6   m i c r o n   g r a i n   s i z e )  

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

c o l o r - f o r m i n g   c o u p l e r s   23  and  24  ( p r e p a r e d   by  s t a n d a r d  

m e t h o d s   d e s c r i b e d   in  U.S.   P a t e n t   4 , 3 6 3 , 8 7 3 )   was  s e n s i t i z e d  

to  the  880nm  r e g i o n   of  the   s p e c t r u m   w i t h   dye  9  in  t h e  

q u a n t i t y   of   4 . 0   x  1 0 - 4 m o l   per   mol  of  s i l v e r   and  was  c o a t e d  

so  t h a t   the   c o a t i n g   s i l v e r   and  cyan  c o u p l e r   w e i g h t s   a re   3 4 6  

mg  per   m2,  and  517  mg  pe r   m2,  r e s p e c t i v e l y .  

The  s e c o n d   l a y e r :   A  g e l a t i n   i n t e r l a y e r  

c o n t a i n i n g   ge l   h a r d e n e r ,   U.V.  a b s o r b e r ,   and  a n t i o x i d a n t   w a s  

c o a t e d   so  t h a t   the  g e l a t i n   c o a t i n g   w e i g h t s   a r e   823  mg  p e r  
m2.  

The  t h i r d   l a y e r :   as  in  the  f i r s t   l a y e r ,   the  s a m e  

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

c o l o r - f o r m i n g   c o u p l e r   22  was  s e n s i t i z e d   to  the  830nm  r e g i o n  

of  the  s p e c t r u m   w i t h   d y e  8   in  the  q u a n t i t y   of  1 .6   x  1 0 - 4  

mol  per   mol  of  s i l v e r   and  was  c o a t e d   so  t h a t   the   c o a t i n g  



s i l v e r   and  m a g e n t a   c o u p l e r   w e i g h t s   a r e   402  mg  p e r  m 2   a n d  

915  mg  pe r   m2,  r e s p e c t i v e l y .  

The  f o u r t h   l a y e r :   a  g e l a t i n   i n t e r l a y e r  

c o n t a i n i n g   h a r d e n e r ,   U.V.  a b s o r b e r ,   and  a n t i o x i d a n t   w a s  

c o a t e d   so  t h a t   the  g e l a t i n   c o a t i n g   w e i g h t   a re   1 . 1 9   gram  p e r  
m2.  

The  f i f t h   l a y e r :   the  same  g e l a t i n   s i l v e r  

c h l o r o b r o m i d e   e m u l s i o n   as  in  the   f i r s t   l a y e r   c o n t a i n i n g   a  

y e l l o w   c o l o r - f o r m i n g   c o u p l e r   21  was  dye  s e n s i t i z e d   to  t h e  

780nm  r e g i o n   of  the  s p e c t r u m   w i t h   7  in  the  q u a n t i t y   of  5 . 9  

x  10-4   mol  per   mol  of  s i l v e r   and  was  c o a t e d   so  t h a t   t h e  

c o a t i n g   s i l v e r   and  y e l l o w   c o u p l e r   w e i g h t s   a r e   346  mg  pe r   m2 

and  474  mg  per   m2,  r e s p e c t i v e l y .  

The  s i x t h   l a y e r :   a  g e l a t i n   i n t e r l a y e r   c o n t a i n i n g  

h a r d e n e r ,   U.V.  a b s o r b e r   and  a n t i o x i d a n t   was  c o a t e d   so  t h a t  

the  g e l a t i n   c o a t i n g   w e i g h t   i s   873  mg  per   m2.  

The  s e v e n t h   l a y e r :   a  p r o t e c t i v e   g e l a t i n   t o p c o a t  

c o n t a i n i n g   a  h a r d e n e r   and  s u r f a c t a n t   was  c o a t e d   so  t h a t   t h e  

g e l a t i n   c o a t i n g   w e i g h t   is  1 . 0 3   g / m 2 .   `  

The  c o n s t r u c t i o n   d e s c r i b e d   above   was  f i r s t  

e x p o s e d   w i t h   l i g h t   from  a  2950  K  t u n g s t e n   lamp  g i v i n g   2 4 0 0  

m e t e r C a n d l e s   (mC)  i l l u m i n a n c e   a t   the  f i l t e r   p l a n e   f o r   0 . 1  

sec  t h r o u g h   a  20cm  c o n t i n u o u s   type   M  c a r b o n   w e d g e  

( g r a d i e n t :   0 . 2 0   d e n s i t y / c m ) ,   a  W r a t t e n   red  s e l e c t i v e  

i n t e r f e r e n c e   f i l t e r ,   and  a  780nm  n e a r   i n f r a r e d   g l a s s   n a r r o w  

b a n d p a s s   f i l t e r .   S e p a r a t e   s a m p l e s   were  then   s i m i l a r l y  

e x p o s e d   u s i n g   a  830nm  or  a  890nm  i n f r a r e d   f i l t e r .   A f t e r  

e x p o s u r e ,   t h e s e   s a m p l e s   were   p r o c e s s e d   in  s t a n d a r d   K o d a k  

EP-2  p r o c e s s i n g   c o l o r   c h e m i s t r y   w i t h   c o n d i t i o n s   s i m i l a r   t o  

t h o s e   s t a t e d   in  U.S.  P a t e n t   4 , 3 6 3 , 8 7 3 .  

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

m e a s u r e d   and  the  r e s u l t s   a r e   shown  in  T a b l e   1.  T h e  



c o r r e s p o n d i n g   D  l o g E   c u r v e s   w i t h   the  e f f e c t s   of  s e c o n d a r y  

e x p o s u r e   r e m o v e d   a r e   shown  in  F i g u r e   1.  At  the   780nm 

e x p o s u r e ,   the   c o l o r   s e p a r a t i o n   was  e x c e l l e n t   and  the  c h a n g e  
in  s p e e d   b e t w e e n   l a y e r s   was  0 .7   logE  or  g r e a t e r .   At  t h e  

830nm  e x p o s u r e ,   no  y e l l o w   c o l o r   was  o b s e r v e d   and  t h e  

s e p a r a t i o n   b e t w e e n   the   830nm  l a y e r   ( m a g e n t a - c o l o r )   and  t h e  

890nm  l a y e r   ( c y a n - c o l o r )   was  0 . 6 5   l ogE   in  s p e e d .   Only  t h e  

cyan  c o l o r - f o r m i n q   l a y e r   was  o b s e r v e d   a t   t h e   890  nm 

e x p o s u r e .  

The  r e s u l t s   from  the  s e t   of  e x p o s u r e s   for   t h i s  

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

i n c o r p o r a t i o n   of  f i l t e r   dyes   w i t h i n   the  i n t e r l a y e r s   i s  

u n n e c e s s a r y .  



Example   2 

A  t h r e e - c o l o r   I R - s e n s i t i v e   m a t e r i a l   may  b e  

p r e p a r e d   in  the  f o l l o w i n g   manner   by  c o a t i n g   on  a 
r e s i n - c o a t e d   p a p e r   s u b s t r a t e :  

1 )  A   f i r s t   l a y e r   c o n s i s t i n g   of  a  s i l v e r  

c h l o r o b r o m i d e   e m u l s i o n   (4 .2%  Ag)  c o n t a i n i n g   a n t i f o g g a n t s ,  

s p e e d   e n h a n c e r s ,   and  a  cyan  c o l o r - f o r m i n g  c o u p l e r   2 3  

s e n s i t i z e d   to  t he   880nm  r e g i o n   of  the  s p e c t r u m   w i t h   d y e  9  
a t   an  a p p r o x i m a t e   c o n c e n t r a t i o n   of  3 . 0  -   6 . 0 x 1 0 - 4   mol  p e r  
mol  of  s i l v e r   at   a p p r o x i m a t e   c o u p l e r   and  s i l v e r   c o a t i n g  

w e i g h t s   of  450  to  550  mg  per   m2  and  250  to  450  mg  p e r   m2,  

r e s p e c t i v e l y .  

2)  A  s e c o n d   l a y e r   c o n t a i n i n g   g e l a t i n   c o a t e d   a t  

a p p r o x i m a t e l y   0 . 8   to  1 .2   g  per   m2,  U.V.  a b s o r b e r ,  

a n t i o x i d a n t ,   ge l   h a r d e n e r   and  f i l t e r   dye  of  the   t ype   2 5 ,  

26,  27  or  28  which   has  been  d i s p e r s e d   in  o i l   s i m i l a r   to  a 

d i s p e r s i o n   me thod   as  d e s c r i b e d   in  U.S.   P a t e n t   No.  4 , 3 6 3 , 8 7 3  

at   c o n c e n t r a t i o n s   such  t h a t   a b s o r b a n c e   of  the  c o a t e d   d y e  

r a n g e s   from  0 .1   to  0 . 6   a t   830nm  and  minimum  a b s o r b a n c e   a t  

8 8 0 n m .  

3)  A  t h i r d   l a y e r   c o n t a i n i n g   a  s i l v e r  

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

s e n s i t i z e d   to  the  830nm  r e g i o n   of  the  s p e c t r u m   w i t h   the  d y e  

8  at   an  a p p r o x i m a t e   c o n c e n t r a t i o n   of  0 . 8  -   2 .4   x  10 -4   mol  

pe r   mol  s i l v e r   and  c o a t e d   a t   s i l v e r   c o a t i n g   w e i g h t s   f r o m  

300  to  500  mq  per   m?,  v a r i o u s   s p e e d   e n h a n c e r s ,   a n t i f o g g a n t s  

and  a  m a g e n t a - f o r m i n g   c o u p l e r   22  c o a t e d   in  a m o u n t s   of  8 5 0  

to  950  mg  per   m2.  

4)  A  f o u r t h   l a y e r   s i m i l a r   to  the  g e l a t i n  

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

25,  26,  27  or  28  d i s p e r s e d   in  o i l   and  c o a t e d   in  the  g e l a t i n  

such  t h a t   the  a b s o r b a n c e   a t   780nm  r a n g e s   from  0 .1   to  0 . 6  



and  minimum  a b s o r b a n c e   is  o b s e r v e d   a t   830  and  8 8 0 n m .  

5)  A  s i l v e r   c h l o r o b r o m i d e   e m u l s i o n   f i f t h   l a y e r  

s i m i l a r   to  the  f i r s t   l a y e r   c o n t a i n i n g   a  y e l l o w  

c o l o r - f o r m i n g   c o u p l e r   21  and  dye  s e n s i t i z e d   to  the   7 8 0 n m  

r e g i o n   of  the  s p e c t r u m   w i t h   7  in  the  q u a n t i t y   of  3 . 0  -   7 . 0  

x  10-4  mol  per   mol  s i l v e r   and  c o a t e d   so  t h a t   the  s i l v e r   a n d  

y e l l o w   c o u p l e r   c o a t i n g   w e i g h t s   v a r y   f rom  250  to  450  mg   p e r  
m2  and  425  to  525  mg  per   m2,  r e s p e c t i v e l y .  

6)  A  s i x t h   l a y e r   c o n t a i n i n g   g e l a t i n   as  a n  

i n t e r l a y e r   so  t h a t   the  g e l a t i n   c o a t i n g   w e i g h t   v a r i e s   f r o m  

0 . 8   to  1 .2   mg  per   m2,  U.V.  a b s o r b e r ,   and  an  a n t i o x i d a n t .  

7)  A  s e v e n t h   l a y e r   as  a  p r o t e c t i v e   g e l a t i n  

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

t h a t   the  g e l a t i n   c o a t i n g   w e i g h t   b e c o m e s   0 . 9   to  1 .1   g  p e r  
m 2 .  

The  f i l t e r   dyes   d e s c r i b e d   in  t h i s   e x a m p l e   ( s u p r a )  

w i l l   meet   the  s t a t e d   r e q u i r e m e n t s   of  d e c o l o r a t i o n   d u r i n g  

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

to  a d j o i n i n g   l a y e r s   and  the  r e q u i r e d   s p e c t r a l   a b s o r p t i o n  

c h a r a c t e r i s t i c s .  

The  a b o v e   d e s c r i b e d   c o n s t r u c t i o n   when  e x p o s e d  

w i t h   a  t u n g s t e n   lamp  s e n s i t o m e t e r   g i v i n g   2400  mc 

i l l u m i n a n c e   a t   the  f i l t e r   p l a n e   fo r   0 . 1   s e c .   t h r o u g h   a  2 0  

cm  c o n t i n u o u s   wedge  ( g r a d i e n t :   0 . 2 0   d e n s i t y / c m ) ,   a  W r a t t e n  

r e d   s e l e c t i v e   f i l t e r ,   and  a  780nm  n e a r   i n f r a r e d   g l a s s  

b a n d p a s s   f i l t e r   may  have  D  logE  c u r v e s   s i m i l a r   to  t h o s e  

shown  in  F i g u r e   2.  T h e r e   is  some  o v e r l a p   of  D  logE  c u r v e s  

f o r   l a y e r   5  and  l a y e r   3  when  no  f i l t e r   dye  is  p r e s e n t   i n  

l a y e r   4  (shown  w i t h   s o l i d   l i n e )  a n d   t h e r e f o r e ,   no  p u r e  

c o l o r   s e p a r a t i o n   w o u l d   be  o b s e r v e d   a f t e r   e x p o s u r e .   H o w e v e r ,  

a f t e r   the   i n c o r p o r a t i o n   of  a  f i l t e r   dye  in  l a y e r   4  w i t h   0 . 4  

a b s o r h a n c e   a t   780nm,  the  e f f e c t   on  the  D  logE  c u r v e   o f  

l a y e r   3  i s   shown  by  the   d a s h e d   l i n e   and  the   f u l l   d e n s i t y   o f  



c o l o r   would   be  a c h i e v e d   in  l a y e r   5  b e f o r e   e x p o s u r e   of  l a y e r  

3 .  

The  same  e f f e c t s   may  be  o b s e r v e d   fo r   e x p o s u r e   o f  

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

a b o v e   but   c o n t a i n i n g  a   830nm  n a r r o w   b a n d p a s s   f i l t e r .   I f   n o  

f i l t e r   dye  is   p r e s e n t   in  l a y e r   2  than   o v e r l a p   of  D  l o g E  

c u r v e s   a r e   o b s e r v e d .   However ,   a f t e r   the  i n c o r p o r a t i o n   of  a  

f i l t e r   dye  in  l a y e r  2   w i t h   0 .4   a b s o r b a n c e   a t   830nm,  t h e  

e f f e c t   on  l a y e r   1  is   shown  by  the  d a s h e d   l i n e   of  the  D  l o g E  

c u r v e   and  t h u s ,   the  f u l l   d e n s i t y   of  c o l o r   fo r   l a y e r   3  w o u l d  

be  a c h i e v e d   b e f o r e   e x p o s u r e   of  l a y e r   1 .  

Example   3 

As  an  a l t e r n a t i v e   to  the  above   c o l o r   m u l t i l a y e r  

c o n s t r u c t i o n ,   the   need  for   the  830nm  a b s o r b i n g   f i l t e r   d y e  

in  l a y e r   2  may  become  u n n e c e s s a r y   i f   the   s p e e d   of  t h e  

e m u l s i o n   l a y e r s  1   and  3  a re   m a n i p u l a t e d   p r o p e r l y   a s  

d e s c r i b e d   b e l o w :  

1)  The  f i r s t   l a y e r ,   as  d e s c r i b e d   in  Example   1 ,  

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

880nm  w i t h   d y e  9   in  the  q u a n t i t y   of  4 . 0   x  10-4  mol  per   mo l  

s i l v e r   and  a  c y a n - f o r m i n g   c o u p l e r   23  c o a t e d   on  a  s u b s t r a t e  

such   t h a t   the  s i l v e r   and  c o u p l e r   c o a t i n g   w e i g h t s   a r e   346  mg 

per   m2  and  517  mq  per   m2,  r e s p e c t i v e l y .  

2)  The  s e c o n d   l a y e r :   a  g e l a t i n   i n t e r l a y e r  

c o n t a i n i n g   ge l   h a r d e n e r ,   U.V  a b s o r b e r ,   and  a n t i o x i d a n t  

c o a t e d   such   t h a t   the  g e l a t i n   c o a t i n g   w e i g h t   becomes   823  mg 

per  m2.  

3)  The  t h i r d   t h r o u g h   s e v e n t h   l a y e r s :   a l l   a r e  

same  in  c o n s t r u c t i o n   to  t h o s e   d e s c r i b e d   in  Example   2 .  

The  m u l t i l a y e r   c o l o r   m a t e r i a l   when  e x p o s e d   w i t h  

the  780  and  830nm  f i l t e r s   of  the  t u n g s t e n   s e n s i t o m e t e r ,   a s  



d e s c r i b e d   in  Example   2,  would   have  D  logE   c u r v e s   s i m i l a r   t o  

t h o s e   in  F i g u r e   2.  At  the  780nm  e x p o s u r e ,   o v e r l a p   of  D  l o g E  

c u r v e s   f o r   L a y e r   5  and  L a y e r   3  o c c u r s   w i t h o u t   a  f i l t e r   d y e  

p r e s e n t   in  L a y e r   4  ( s o l i d   l i n e s )   and  a f t e r   the   i n c o r p o r a -  

t i o n   of  the   dye  in  L a y e r   4,  pu re   c o l o r   s e p a r a t i o n   w i t h   t h e  

780nm  e x p o s u r e   is  a c h i e v e d   as  shown  by  the  d a s h e d   l i n e   f o r  

L a y e r   3.  H o w e v e r ,  a f t e r   e x p o s u r e   the  830nm  f i l t e r ,   f u l l  

d e n s i t y   of  c o l o r   f o r   L a y e r   3  is  a c h i e v e d   b e f o r e   a n y  

e x p o s u r e   of  L a y e r   1  n e g a t e s   the  need   f o r   a  f i l t e r   dye  i n  

L a y e r   2.  Good  c o l o r   s e p a r a t i o n   was  a c h i e v e d   b e c a u s e   of  t h e  

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

















E x a m p l e  4  

Two  d i f f u s i o n   t r a n s f e r   type   c o n s t r u c t i o n s   of  two  

d i f f e r e n t   c o l o r s   was  made  as  f o l l o w s   to  show  t h e i r   u t i l i t y  

a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n .  

C o a t i n g  1  

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

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

p o l y e s t e r   f i l m   s u p p o r t .  

a)  A  f i r s t   l a y e r   c o n s i s t i n g   of  y e l l o w   d y e  

d e v e l o p e r   of  s t r u c t u r e   A  d i s p e r s e d   i n  

g e l a t i n .   The  c o v e r a g e   of  dye  was  5  m g / d m 2  

and  t h a t   of  g e l a t i n   was  7 .2   m g / d m 2 .  

b)  A  s e c o n d   l a y e r   c o n s i s t i n g   of  a  s i l v e r  

c h l o r o b r o m i d e   e m u l s i o n   ( 3 6 : 6 4 ;   B r : C l )   of  0 . 3  

m i c r o n   a v e r a g e   g r a i n  s i z e   s e n s i t i z e d   to  7 8 0  

nm  r a d i a t i o n   by  the  a d d i t i o n   of  dye  o f  

s t r u c t u r e   B  (3  x  10 -4   m o l e s   d y e / m o l e   s i l v e r ) .  

The  s i l v e r   c o v e r a g e   was  5  m g / d m 2 .  

c)  A  t h i r d   l a y e r   c o n s i s t i n g   o f  

I - p h e n y l - 5 - p y r a z o l i d i n o n e   ( 2 . 2   m g / d m 2 )  

d i s p e r s e d   in  g e l a t i n   (145  m g / d m 2 ) .  

C o a t i n g   2 

C o a t i n g   2  was  i d e n t i c a l   w i t h   C o a t i n g   1  e x c e p t  

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

y e l l o w   dye  d e v e l o p e r   in  the  f i r s t   l a y e r   and  the  s i l v e r  

h a l i d e   e m u l s i o n   was  s e n s i t i z e d   no t   to  780  nm  bu t   to  830  nm 

r a d i a t i o n   by  the  a d d i t i o n   of  a  s e n s i t i z i n g   dye  of  s t r u c t u r e  

D  (5  x  10-5  mo les   dye  pe r   mole  s i l v e r ) .  



E v a l u a t i o n  

F ive   s a m p l e s   t a k e n   from  C o a t i n g   1  were  s e p a r a t e l y  
e x p o s e d   in  a  s e n s i t o m e t e r   to  r a d i a t i o n   from  a  500  w a t t  

t u n g s t e n   f i l a m e n t   lamp  a t t e n u a t e d   by  a  0-4   c o n t i n u o u s  

n e u t r a l   d e n s i t y   wedge  and  f i l t e r e d   by  730  nm,  760  nm,  7 9 0  

nm,  820  nm,  850  nm  or  880  nm  n a r r o w   b a n d p a s s   i n t e r f e r e n c e  

f i l t e r s .  

The  s a m p l e s   were  l a m i n a t e d   to  A g f a - G e r v a e r t  

" C o p y c o l o r   CCF"  dye  r e c e p t o r   s h e e t s   u s i n g   an  A g f a - G e v a e r t  

"CP  380"  c o l o r   d i f f u s i o n   t r a n s f e r   p r o c e s s i n g   m a c h i n e  

c o n t a i n i n g   2%  a q u e o u s   p o t a s s i u m   h y d r o x i d e   as  p r o c e s s i n g  
s o l u t i o n .   The  r e c e p t o r   s h e e t s   were  s e p a r a t e d   a f t e r   o n e  
m i n u t e .  

C o a t i n g   1  showed  a  maximum  s e n s i t i v i t y   a t   760  nm 

r e s u l t i n g   in  a  p o s i t i v e   y e l l o w   image  on  the  r e c e p t o r   s h e e t .  

C o a t i n g   1  e x h i b i t e d   no  m e a s u r a b l e   s e n s i t i v i t y   a t   820  nm  o r  

l o n g e r   w a v e l e n g t h s .  

T h i s   t e s t   p r o c e d u r e   was  r e p e a t e d   w i t h   C o a t i n g   2 .  

In  t h i s   ca se   a  s e n s i t i v i t y   maximum  a t   820  nm  was  o b s e r v e d  

r e s u l t i n g   in  a  p o s i t i v e   m a g e n t a   i m a g e .   C o a t i n g   2  was  0 . 5 7  

r e c i p r o c a l   Log  e x p o s u r e   u n i t s   l e s s   s e n s i t i v e   a t   760  nm  t h a n  

a t   820  nm  and  1 . 7 0   r e c i p r o c a l   Log  e x p o s u r e , u n i t s   l e s s  

s e n s i t i v e   a t   880  nm  than   a t   820  nm. 

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

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

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

STRUCTURE  A 



STRUCTURE  B 

STRUCTURE  C 

STRUCTURE  D 



E x a m p l e   5 

A  s i n g l e - c o l o r   I n f r a r e d - s e n s i t i v e   p h o t o g r a p h i c  

m a t e r i a l   was  p r e p a r e d   by  c o a t i n g   in  o r d e r   on  r e s i n - c o a t e d  

p a p e r   b a s e   the  f o l l o w i n g   l a y e r s :  

1)  A  f i r s t - l a y e r   c o n s i s t i n g   of  a  c h e m i c a l l y  

s e n s i t i z e d   s i l v e r   c h l o r o b r o m i d e   e m u l s i o n  

(6.8%  Ag)  c o n t a i n i n g   a n t i f o g g a n t s ,   s p e e d  

e n h a n c e r s   and  the   m a g e n t a   c o l o r   f o r m i n g  

c o u p l e r  2 2 .   The  e m u l s i o n   was  s e n s i t i z e d   t o  

the  830  nm  r e g i o n   of  the  s p e c t r u m   w i t h   d y e  8  

at   a  dye  c o n c e n t r a t i o n   of  1 . 1 x 1 0 - 4   mol  p e r  
mol  of  s i l v e r   a t   c o u p l e r   and  s i l v e r   c o a t i n g  

w e i g h t s   of  1 . 1 2   g/m2  and  503  m g / m 2 ,  

r e s p e c t i v e l y ;  

2)  A  s e c o n d   l a y e r   c o n t a i n i n g   g e l a t i n   c o a t e d   a t  

1 .20   g /m2,   U.V.  a b s o r b e r ,   a n t i o x i d a n t ,   g e l  

h a r d e n e r   and  the   f i l t e r   d y e  2 9 ,   wh ich   w a s  

d i s s o l v e d   in  m e t h a n o l ,   were  a d d e d   to  t h e  

g e l a t i o n   m i x t u r e   and  c o a t e d   such   t h a t   t h e  

f i l t e r   dye  c o a t i n g   w e i g h t   was  1 5 . 1   m g / m 2 ;  

3)  A  t h i r d   l a y e r   (as   a  p r o t e c t i v e   g e l a t i n  

t o p c o a t )   c o n t a i n e d   a  ge l   h a r d e n e r   a n d  

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

c o a t i n g   w e i g h t   was  1 .04   g / m 2 .  

E x a m p l e   6 

A  s i n g l e - c o l o r   I n f r a r e d - s e n s i t i v e   m a t e r i a l   w a s  

p r e p a r e d   as  d e s c r i b e d   in  Example   5;  h o w e v e r ,   d y e   w a s  

a d d e d   as  a  f i l t e r   dye  and  c o a t e d   so  t h a t   the  f i l t e r   d y e  

c o a t i n g   w e i g h t   was  15 .1   mg/m2  in  the  s e c o n d   l a y e r .  

E x a m p l e   7 

A  s i n g l e - c o l o r   I n f r a r e d - s e n s i t i v e   m a t e r i a l   w a s  

p r e p a r e d   as  d e s c r i b e d   in  Example   5;  h o w e v e r ,   no  f i l t e r  d y e  

was  i n c o r p o r a t e d   i n t o   the  s e c o n d   l a y e r   ( c o n t r o l ) .   In  a l l  

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

s e n s i t o m e t e r   g i v i n g   2400  mc  i l l u m i n a n c e   at   the  f i l t e r   p l a n e  



f o r   0 .1   s e c o n d s   t h r o u g h   a  20  cm  c o n t i n u o u s   wedge  ( g r a d i e n t :  

0 . 2 0   d e n s i t y   per   cm),   a  W r a t t e n   red  s e l e c t i v e   f i l t e r   and  a  

830  nm  n e a r   i n f r a r e d ,   g l a s s ,   b a n d p a s s   f i l t e r .   A f t e r  

e x p o s u r e ,   t h e s e   s a m p l e s   were  p r o c e s s e d   in  s t a n d a r d   K o d a k  

EP-2  p r o c e s s i n g   c o l o r   c h e m i s t r y   w i t h   c o n d i t i o n s   s i m i l a r   t o  

t h o s e   s t a t e d   in  U.S.   P a t e n t   4 , 3 6 3 , 8 7 3 .  

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

m e a s u r e d   and  the  r e s u l t s   a r e   shown  in  T a b l e   1.  The  g e l  

i n t e r l a y e r s   c o n t a i n i n g   the  f i l t e r   dyes   of  E x a m p l e   5  and  6 

were   a l s o   s p r e a d   by  hand  o n t o   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 ,  

a l l o w e d   to  dry  and  the  a b s o r p t i o n   c h a r a c t e r i s t i c s   m e a s u r e d  

on  a  P e r k i n - E l m e r   a b s o r p t i o n   s p e c t r o p h o t o m e t e r .   T h e s e  

r e s u l t s   showed  t h a t   dye  29  of  Example   5  has  a  peak  o f  

maximum  a b s o r p t i o n   a t   810  nm  and  a  s e c o n d a r y   peak  a t   705  nm 

w i t h   r e s i d u a l   a b s o r p t i o n   from  580  nm  to  900  nm.  The  f i l t e r  

dye  u sed   in  Example   6  has  a  peak  of  maximum  a b s o r p t i o n   a t  

780  nm  and  a  s e c o n d a r y   a b s o r p t i o n   a t   700  nm  w i t h   b r o a d  

r e s i d u a l   a b s o r p t i o n   from  520  nm  to  880  nm.  

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

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

i n f r a r e d - a b s o r b i n g   dye  in  the  ge l   l a y e r   a b o v e   t h e  

i n f r a r e d - s e n s i t i z e d   e m u l s i o n .   These   f i l t e r   d y e s ,   t h o u g h  

no t   f u l l y   p r o c e s s a b l e   as  i n d i c a t e d   by  t h e  h i g h e r   Dmin  f o r  

E x a m p l e s   5  and  6,  d e c r e a s e d   the  p h o t o g r a p h i c   s p e e d   of  t h e  

e m u l s i o n   by  a p p r o x i m a t e l y   0 . 5  l o g   E  v s .   the   c o n t r o l  

( E x a m p l e   7 ) .  





R e l a t i v e  s p e e d   m e a s u r e d   a t  a n   a b s o l u t e   d e n s i t y   o f  0 . 7 5 .  
2  The  s l o p e   of  the  l i n e   j o i n i n g   the  d e n s i t y   p o i n t s   of  0 . 5 0  

and  1 . 3 0   a b o v e   base   +  f o g .  

E x a m p l e   8 

A  f u l l - c o l o r   I n f r a r e d - s e n s i t i v e   m a t e r i a l   w a s  

p r e p a r e d   by  c o a t i n g   in  o r d e r   on  r e s i n - c o a t e d   p a p e r   b a s e   t h e  

f o l l o w i n g   l a y e r s :  

The  f i r s t   l a y e r :   a  g e l a t i n   c h e m i c a l l y   s e n s i t i z e d  

s i l v e r   c h l o r o b r o m i d e   e m u l s i o n   (6 .7%  Ag)  c o n t a i n i n g  

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

c o u p l e r 2 3   was  s e n s i t i z e d   to  the   880  nm  r e g i o n   of  t h e  

s p e c t r u m   w i t h   dye  9   in  the  q u a n t i t y   of  1 . 6   x  1 0 - 4   m o l  

pe r   mol  of  s i l v e r   and  was  c o a t e d   s o . t h a t   the   s i l v e r  

and  cyan  c o u p l e r   c o a t i n g   w e i g h t s   were  412  mg/m2  a n d  

634  mg/m2,  r e s p e c t i v e l y .  

The  s e c o n d   l a y e r :   a  g e l a t i n   i n t e r l a y e r   c o n t a i n i n g  

g e l   h a r d e n e r ,   U.V.  a b s o r b e r ,   and  a n t i o x i d a n t   w a s  

c o a t e d   so  t h a t   the  g e l a t i n   c o a t i n g   w e i g h t   was  8 2 8  

m g / m 2 .  

The  t h i r d   l a y e r :   a  g e l a t i n   c h e m i c a l l y   s e n s i t i z e d  

s i l v e r   c h l o r o b r o m i d e   e m u l s i o n   (6 .6%  Ag)  c o n t a i n i n g  

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

c o l o r - f o r m i n g   c o u p l e r   2 2 w a s   s e n s i t i z e d   to  the  830  nm 

r e g i o n   of  the  s p e c t r u m   w i t h   dye  8   in  the   q u a n t i t y   o f  

8 .9   x  10-5  mol  per   mol  of  s i l v e r   and  was  c o a t e d   s o  

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

we re   492  mg/m2  and  1 . 1 2   g /m2 ,   r e s p e c t i v e l y .  

The  f o u r t h   l a y e r :   a  g e l a t i n   i n t e r l a y e r   c o n t a i n i n g  

h a r d e n e r ,   U.V.  a b s o r b e r ,   a n t i o x i d a n t   and  the  f i l t e r  



d y e  2 9 ,   which   has  been   d i s s o l v e d   in  m e t h a n o l   and  a d d e d  

to  the  g e l a t i n   m i x t u r e ,   was  c o a t e d   s u c h   t h a t   t h e  

f i l t e r   dye  and  g e l a t i n   c o a t i n g   w e i g h t s   were   8 .3   m g / m 2  

and  0 . 6 5   g /m2,   r e s p e c t i v e l y .  

The  f i f t h   l a y e r :   a  g e l a t i n   c h e m i c a l l y   s e n s i t i z e d  

s i l v e r   c h l o r o b r o m i d e   e m u l s i o n   (6.7%  Ag)  c o n t a i n i n g  

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

c o l o r - f o r m i n g   c o u p l e r   21 was  dye  s e n s i t i z e d   to  the   7 8 0  

nm  r e g i o n   of  the  s p e c t r u m   w i t h   dye  7  in  the  q u a n t i t y  

of  3 .4   x  10-4   mol  per   mol  of  s i l v e r   and  was  c o a t e d   s o  

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

we re   497  mg/m2  and  679  mg/m2,  r e s p e c t i v e l y .  

The  s i x t h   l a y e r :   a  g e l a t i n   i n t e r l a y e r   c o n t a i n i n g  

h a r d e n e r ,   U.V.  a b s o r b e r ,   and  a n t i o x i d a n t   was  c o a t e d   s o  

t h a t   the  g e l a t i n   c o a t i n g   w e i g h t   was  876  m g / m 2 .  

The  s e v e n t h   l a y e r :   a  p r o t e c t i v e   g e l a t i n   t o p - c o a t  

c o n t a i n i n g   a  h a r d e n e r   and  s u r f a c t a n t   was  c o a t e d   s o  

t h a t   the  g e l a t i n   c o a t i n g   w e i g h t   was  1 . 0 4   g / m 2 .  

E x a m p l e   9 

A  m u l t i - c o l o r   I n f r a r e d - s e n s i t i v e   m a t e r i a l   w a s  

p r e p a r e d   as  d e s c r i b e d   in  Example   8;  h o w e v e r ,   d y e  8  w a s  

a d d e d   as  a  f i l t e r   dye  and  c o a t e d   so  t h a t   the  f i l t e r   d y e  

c o a t i n g   w e i g h t   was  8 .3   mg/m2  in  the  f o u r t h   l a y e r .  

E x a m p l e   1 0  

A  m u l t i - c o l o r   I n f r a r e d - s e n s i t i v e   m a t e r i a l   w a s  

p r e p a r e d   as  d e s c r i h e d   in  Example   8;  h o w e v e r ,   no  f i l t e r   d y e  

was  i n c o r p o r a t e d   i n t o   the  f o u r t h   l a y e r   ( c o n t r o l )   and  t h e  

ge l   c o a t i n g   w e i g h t   was  1 . 2 0   g / m 2 .  

In  e x a m p l e s   8 - 1 0 ,   a l l   m a t e r i a l s   were   e x p o s e d   to  a  

t u n g s t e n   s e n s i t i o m e t e r   as  d e s c r i b e d   in  E x a m p l e   5 - 7 ,   e x c e p t  

s e p a r a t e   s a m p l e s   were  t hen   s i m i l a r l y   e x p o s e d   u s i n g   a  780  nm 

or  a  890  nm  i n f r a r e d   f i l t e r .  

The  s e n s i t o m e t r i c   r e s u l t s   a re   shown  in  T a b l e   2 .  

The  f i l t e r   dye  ge l   i n t e r l a y e r   ( l a y e r   4)  from  e x a m p l e s   8  a n d  



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

a b s o r p t i o n   of  780  nm  and  830  nm  l i g h t   w o u l d   be  s i m i l a r   f o r  

the  dye  i n t e r l a y e r   of  e x a m p l e   8  and  t h a t   l e s s   a b s o r p t i o n   o f  

the  830  nm  l i g h t   v s .   780  nm  l i g h t   w o u l d   be  o b s e r v e d   f o r   t h e  

dye  i n t e r l a y e r   of  e x a m p l e   9.  The  s e n s i t o m e t r i c   r e s u l t s   f o r  

the   m u l t i - l a y e r   m a t e r i a l   o f   t h e s e   e x a m p l e s   a l s o   s u g g e s t s  

t h i s   o b s e r v a t i o n .   At  the   780  nm  e x p o s u r e ,   the   l o s s   i n  

s p e e d   f o r   l a y e r   3  ( m a g e n t a   c o l o r )   r e l a t i v e   to  t h e  

n o n - f i l t e r e d   l a y e r   3  of  e x a m p l e   10  ( c o n t r o l )   i s  

a p p r o x i m a t e l y   .25  loqR  and  .36  logE  f o r   e x a m p l e   9  and  8 ,  

r e s p e c t i v e l y .   At  t he   830  nm  e x p o s u r e ,   the   l o s s   in  s p e e d  

f o r   l a y e r   3  v s .   the   c o n t r o l   ( e x a m p l e   10)  was  m i n i m a l   f o r  

e x a m p l e   9  ( l e s s   dye  i n t e r l a y e r   f i l t e r i n g )   v s .   e x a m p l e   8 

( 0 . 9   l ogE   v s . . 2 7   l o g E ) .  

A l s o ,   l o s s   in  p h o t o g r a p h i c   s p e e d   is  o b s e r v e d   f o r  

l a y e r   5  ( y e l l o w - c o l o r ,   780  nm  s e n s i t i z e d   of  e x a m p l e s   8  a n d  

9)  v s .   the   n o n - f i l t e r   dye  i n t e r l a y e r   of  e x a m p l e   10  

( c o n t r o l )   at   the   780  nm  e x p o s u r e   even  t h o u g h   the  a b s o r p t i o n  

of  780  nm  l i g h t   o c c u r s   in  l a y e r   4  a f t e r   the  i n i t i a l  

n o n - f i l t e r e d   780  nm  e x p o s u r e   of  l a y e r   5.  These   r e s u l t s  

s u g g e s t   t h a t   f o r   the   n o n - f i l t e r e d   m a t e r i a l   of  e x a m p l e   10  

the  780  nm  l i g h t   p a s s e s   t h r o u g h   a l l   l a y e r s ,   r e a c h e s   t h e  

b a s e   and  t hen   is  r e f l e c t e d   back  t h r o u g h   a l l   l a y e r s   so  t h a t  

e a c h   l a y e r   of  the  p h o t o g r a p h i c   m a t e r i a l   is  e x p o s e d   t w i c e .  

Wi th   the   i n c o r p o r a t i o n   of  the  f i l t e r   d y e s   i n t o   l a y e r   4,  t h e  

f i r s t   p a s s   of  780  nm  l i g h t   t h r o u g h   the  m u l t i l a y e r   m a t e r i a l s  

of  e x a m p l e   8  and  9  i s   n o n - f i l t e r e d   f o r   l a y e r   5  (780  nm 

s e n s i t i z e d )   so  t h a t   the  f i r s t   e x p o s u r e   o c c u r s ,   t hen   as  t h e  

r e s i d u a l   780  nm  l i g h t   p a s s e s   t h r o u g h   l a y e r   4,  some  of  t h e  

l i g h t   is  a b s o r b e d .   A f t e r   t h i s   f i l t r a t i o n ,   the   r e m a i n i n g  

780  nm  l i g h t   t h e n   c o n t i n u e s   t h r o u g h   the  l a y e r s ,   r e a c h e s   t h e  

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

of  t h i s   l i g h t   is   a b s o r b e d   or  f i l t e r e d   a g a i n   ( e f f e c t i v e  

d o u b l e   f i l t r a t i o n )   w h i l e   p a s s i n g   t h r o u g h   l a y e r   4  ( f i l t e r  

l a y e r )   to  r e e x p o s e   the  780  nm  l a y e r   ( l a y e r   5 ) .   T h u s ,   t h e  

t o t a l   a m o u n t   of  e f f e c t i v e   780  nm  e x p o s u r e   w i l l   be  l e s s   f o r  



m u l t i l a y e r   m a t e r i a l s   c o n t a i n i n g   the  f i l t e r   dye  i n t e r l a y e r s  

v s .   n o n - f i l t e r   dye  i n t e r l a y e r   c o n s t r u c t i o n s   and  t h e r e f o r e ,  

the   o b s e r v e d   s p e e d   of  the  780  nm  s e n s i t i z e d   ( l a y e r   5)  w i l l  

be  l e s s   b e c a u s e   of  t h i s   t o t a l   l o w e r   a m o u n t   of  e x p o s u r e .  
The  r e s u l t s   from  the  s e t   of  e x p o s u r e s   fo r   t h e  

c o l o r   m u l t i l a y e r   c o n s t r u c t i o n s   of  e x a m p l e   8 - 1 0   s u r g e s t   t h a t  

the   i n c o r p o r a t i n g   of  f i l t e r   dyes   can  e f f e c t i v e l y   m a n i p u l a t e  

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





E x a m p l e   11 

A  m u l t i - l a y e r e d   I R - s e n s i t i v e   p h o t o g r a p h i c   o l o r  

m a t e r i a l   was  p r e p a r e d   by  c o a t i n g   in  o r d e r   on  r e s i n - c o a t e d  

p a p e r   ba se   the  f o l l o w i n g   l a y e r s :  

The  f i r s t   l a y e r :   A  g e l a t i n / c h e m i c a l   s e n s i t i z e d  

s i l v e r   c h l o r o b r o m i d e   o u l s i o n   (88  mol%,  B r . ,   6 .7%  A g ,  

and  a p p r o x i m a t e l y   1.0  m i c r o n   g r a i n   s i z e )   c o n t a i n i n g  

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

c o l o r - f o r m i n g   c o u p l e r   23  was  s e n s i t i z e d   to  the  880  nm 

r e g i o n   of  the  s p e c t r u m   wi th   dye  9  in  the  q u a n t i t y   o f  

1 .6   x  10-4  mol  per   mol  of  s i l v e r .   The  e m u l s i o n   w a s  

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

were   417  mg  per   m 2  a n d   636  mg  pe r   m2,  r e s p e c t i v e l y .  

The  s e c o n d   l a y e r :   A  g e l a t i n   i n t e r l a y e r  

c o n t a i n i n g   g e l a t i n   h a r d e n e r ,   U.V.  a b s o r b e r ,   a n d  

a n t i o x i d a n t   was  c o a t e d   so  t h a t   the   g e l a t i n   c o a t i n g  

w e i g h t   was  828  mg  per   m2.  

The  t h i r d   l a y e r :   A  g e l a t i n / c h e m i c a l l y   s e n s i t i z e d  

s i l v e r   c h l o r o b r o m i d e   e m u l s i o n   (88  mol  %Br,  6.7%  Ag ,  

and  a p p r o x i m a t e l y   0 .5   m i c r o n   g r a i n   s i z e )   c o n t a i n i n g .  

a n t i - f o g g a n t s ,   s p e e d   e n h a n c e r s ,   and  the  m a g e n t a  

c o l o r - f o r m i n g   c o u p l e r   22  was  s e n s i t i z e d   to  the  830  nm 

r e g i o n   of  the  s p e c t r u m   wi th   d y e  8   in  the  q u a n t i t y   o f  

8 .8   x  10-5   mol  pe r   mol  s i l v e r .   T h i s   was  c o a t e d   s o  

t h a t   the  s i l v e r   and  c o u p l e r   c o a t i n g   w e i g h t s   were   4 9 2  

mg  per   m2  a n d  1 . 1 2   g  per   m2,  r e s p e c t i v e l y .  

The  f o u r t h   l a y e r :   A  g e l a t i n   i n t e r l a y e r  

c o n t a i n i n g   h a r d e n e r ,   U.V.  a b s o r b e r ,   and  a n t i o x i d a n t  

was  c o a t e d   so  t h a t   the  g e l a t i n   c o a t i n g   w e i g h t   w a s  

1 . 2 0   g  per   m2.  

The  f i f t h   l a y e r :   The  same  g e l a t i n   s i l v e r  

c h l o r o b r o m i d e   e m u l s i o n   as  in  the  f i r s t   l a y e r ,  

c o n t a i n i n g   the  y e l l o w   c o l o r - f o r m i n g   c o u p l e r   21,  w a s  

dye  s e n s i t i z e d   to  the   780  nm  r e g i o n   o f  t h e   s p e c t r u m  

w i t h   d y e  7   in  the  q u a n t i t y   of  3 .4   x  10-4   mol  per   m o l  

s i l v e r .   T h i s   was  c o a t e d   so  t h a t   the   s i l v e r   a n d  

c o u p l e r   c o a t i n g   w e i g h t s   were  542  mg  per   m2  and  748  mg 



per   m2,  r e s p e c t i v e l y .  

The  s i x t h   l a y e r :   A  g e l a t i n   i n t e r l a y e r   c o n t a i n i n g  

h a r d e n e r ,   U.V.  a b s o r b e r   and  a n t i o x i d a n t   was  c o a t e d   s o  

t h a t   the  g e l a t i n   c o a t i n g   w e i g h t   was  876  mg  pe r   m2.  

The  s e v e n t h   l a y e r :   A  p r o t e c t i v e   g e l a t i n   t o p c o a t  

c o n t a i n i n g   a  h a r d e n e r   and  s u r f a c t a n t   was  c o a t e d   s o  

t h a t   the  g e l a t i n   c o a t i n g   w e i g h t   was  1 . 0 4   g  per   m 2 .  

Example   12  

A  m u l t i - l a y e r e d   I R - s e n s i t i v e   p h o t o g r a p h i c  

m a t e r i a l   was  p r e p a r e d   as  d e s c r i b e d   in  E x a m p l e   11,  e x c e p t  

t h a t   the  780  nm  s e n s i t i z e d   l a y e r   ( f i f t h   l a y e r )   was  c o a t e d  

as  the  t h i r d   l a y e r   and  the  830  nm  s e n s i t i z e d   l a y e r   ( t h i r d  

l a y e r )   was  c o a t e d   as  the  f i f t h   l a y e r .  

Example   13  

A  m n l t i   l a y e r e d   I R - s e n s i t i v e   p h o t o g r a p h i c  

m a t e r i a l   was  p r e p a r e d   as  d e s c r i b e d   in  E x a m p l e   11,  e x c e p t  

t h a t   the  7 0 0  n m   s e n s i t i z e d   l a y e r   ( f i f t h   l a y e r )   was  c o a t e d  

as  the  f i r s t   l a y e r   and  the  880  nm  s e n s i t i z e d   l a y e r   ( f i r s t  

l a y e r )   was  c o a t e d   as  the  f i f t h   l a y e r .  

The  c o n s t r u c t i o n s   d e s c r i b e d   a b o v e   were  f i r s t  

e x p o s e d   w i t h   the  o u t p u t   from  a  780  nm  2  mw  l a s e r   d i o d e  

s e n s i t o m e t e r .   The  s e n s i t o m e t e r   is   c a p a b l e   of  w r i t i n g   l a s e r  

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

n e u t r a l - d e n s i t y   f i l t e r   ( m e t a l   v a c u u m - d e p o s i t e d ,   0-4   n e u t r a l  

d e n s i t y ) .   S e p a r a t e   s a m p l e s   were  t hen   s i m i l a r l y   e x p o s e d  

u s i n g   a  820  nm  or  a  880  nm  l a s e r   d i o d e   s o u r c e   in  t h e  

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

in  s t a n d a r d   Kodak  EP-2  p r o c e s s i n g   c o l o r   c h e m i s t r y .  

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

m e a s u r e d   and  the  c o r r e s p o n d i n g   D  l o g E   c u r v e s   were  p r o d u c e d .  

T h e s e   r e s u l t s   show  t h a t   f u l l   y e l l o w   c o l o r   d e n s i t y   can  b e  

a c h i e v e d   f o r   the   780  nm  s e n s i t i z e d   l a y e r s   of  E x a m p l e s   1 1 - 1 3  

b e f o r e   the  r e q u i r e d   e x p o s u r e   i m a g e s   the  s l o w e r   ( in   s p e e d )  

830  nm  s e n s i t i z e d   e m u l s i o n   l a y e r .   A l s o ,   the  r e s u l t s   s h o w  

t h a t   r e g a r d l e s s   of  p l a c e m e n t   ( l a y e r   1,  fo r   Example   1 3 ,  



l a y e r   3  f o r   E x a m p l e   12,  and  l a y e r   5  f o r   E x a m p l e  1 1 )  w i t h i n  

the  m u l t i - l a y e r   c o n s t r u c t i o n .   U n i q u e   c o l o r   s e p a r a t i o n   w a s  

a c h i e v e d   b e t w e e n   the  780  and  830  nm  s e n s i t i z e d   l a y e r s .  

W i t h   820  nm  l a s e r   e x p o s u r e ,   a  m a g e n t a  c o l o r   d e n s i t y   of  2 . 0  

i s   a c h i e v e d   f o r   E x a m p l e s   11  and  12  b e f o r e   e x p o s u r e   i m a g e s  

the  s l o w e r   ( in   s p e e d )   880  nm  s e n s i t i z e d   e m u l s i o n   l a y e r .  

T h i s   u n i q u e   c o l o r   s e p a r a t i o n   would   a l s o   be  a t t a i n e d   i f   t h e  

880  nm  s e n s i t i z e d   l a y e r   ( l a y e r   5)  of  E x a m p l e   13  was  s l o w e d  

down  in  s p e e d   f u r t h e r .   S u r p r i s i n g l y ,   r e g a r d l e s s   o f  

p l a c e m e n t   of  the   830  and  880  nm  s e n s i t i z e d   l a y e r s   w i t h i n  

the   c o n s t r u c t i o n ,   c o l o r   s e p a r a t i o n   was  a c h i e v e d .   With  t h e  

880  nm  e x p o s u r e ,   o n l y   the  880  nm  s e n s i t i z e d   l a y e r s   o f  

E x a m p l e s   1 1 - 1 3   a r e   e x p o s e d   r e g a r d l e s s   of  p l a c e m e n t   w i t h i n  

the  c o n s t r u c t i o n .   The  r e s u l t s   from  t h e s e   e x a m p l e s   s h o w  

t h a t   i f   s u f f i c i e n t   s p e e d   s e p a r a t i o n   (780  nm  l a y e r   f a s t e r   i n  

s p e e d   t h a t   the   830  nm  l a y e r ,   the   830  nm  l a y e r   f a s t e r   i n  

s p e e d   than   the  880  nm  l a y e r )   i s   m a i n t a i n e d   b e t w e e n   t h e  

e m u l s i o n   l a y e r s ,   then   u n i q u e   c o l o r   s e p a r a t i o n   is  a c h i e v e d .  



1.  A  p h o t o g r a p h i c   e l e m e n t   c a p a b l e   of  p r o v i d i n g   a  
f u l l   c o l o r   image   w i t h o u t   e x p o s u r e   to  r a d i a t i o n   w i t h i n   t h e  
v i s i b l e   r e g i o n   of  the   e l e c t r o m a g n e t i c   s p e c t r u m   c o m p r i s i n g  

a)  a  s u b s t r a t e ,   a n d  

b)  on  one  s i d e   of  s a i d   s u b s t r a t e   a t   l e a s t   t h r e e  

s i l v e r   h a l i d e   e m u l s i o n   l a y e r s ,   e ach   of  s a i d  

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

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

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

b e i n g   c a p a b l e   of  f o r m i n g   a  d i f f e r e n t   c o l o r  

dye  upon  r e a c t i o n   w i t h   an  o x i d i z e d   c o l o r  

p h o t o g r a p h i c   d e v e l o p e r ,  

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

o r d e r   f r o m ' t h e   s u b s t r a t e   to  the   s u r f a c e   of  s a i d  

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

p o r t i o n   of  the   i n f r a r e d   r e g i o n   of  the   e l e c t r o m a g n e t i c  

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

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

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

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

a  p o r t i o n   of  the   i n f r a r e d   r e g i o n   of  the   e l e c t r o m a g n e t i c  

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

to  w h i c h   s a i d   s e c o n d   e m u l s i o n   is  s e n s i t i z e d ,   a n d  

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

c o n s t r u c t i o n   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   o f :  

1)  e a c h   of  the  t h r e e   l a y e r s   h a v i n g   a  c o n t r a s t  

b e t w e e n   2  and  8  and  d i f f e r i n g   f rom  e a c h   o t h e r  

in  p h o t o g r a p h i c   s p e e d   such   t h a t ,   a t   a n  

o p t i c a l   d e n s i t y   of  1 . 3 ,   the   s p e e d   of  t h e  

t h i r d   e m u l s i o n   is   a t   l e a s t   0 . 2   l ogE   u n i t s  

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

the   s e c o n d   e m u l s i o n   i s   a t   l e a s t   0 .2   l o g E  

u n i t s   f a s t e r   t han   the   f i r s t   e m u l s i o n   l a y e r ,  

2)  b e t w e e n   s a i d   f i r s t   and  s e c o n d   e m u l s i o n   l a y e r s  

is  a  f i l t e r   l a y e r   a b s o r b i n g   i n f r a r e d  



r a d i a t i o n   in  a  r a n g e   o v e r l a p p i n g   the  r e g i o n  
of  maximum  s e n s i t i v i t y   of  s a i d   s e c o n d  

e m u l s i o n   l a y e r   w i t h o u t   a b s o r b i n g   more  t h a n  

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

s e n s i t i z e d ,   and  b e t w e e n   s a i d   s e c o n d   e m u l s i o n  

l a y e r   and  s a i d   t h i r d   e m u l s i o n   l a y e r   is   a  
f i l t e r   l a y e r   a b s o r b i n g   r a R £ a t i o n   in  a  r a n g e  
o v e r l a p p i n g   the   r e g i o n   of  maximum  s e n s i t i v i t y  
of  s a i d   t h i r d   e m u l s i o n   l a y e r   w i t h o u t  

a b s o r b i n g   more  t h a n   f o r t y   p e r c e n t   of  t h e  
i n f r a r e d   r a d i a t i o n   to  wh ich   s a i d   s e c o n d   l a y e r  
i s   s e n s i t i z e d ,   a n d  

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

s a i d   f i r s t   and  s e c o n d   e m u l s i o n   l a y e r s   or  s a i d  

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

l a y e r   a b s o r b i n g   r a d i a t i o n   in  a  r a n g e  

o v e r l a p p i n g   the  r e g i o n   of  maximum  s e n s i t i v i t y  

t h e   one  of  the   two  l a y e r s   f u r t h e r   away  f r o m  

the   s u b s t r a t e   w i t h o u t   a b s o r b i n g   more  t h a n  

f o r t y   p e r c e n t   of  the   i n f r a r e d   r a d i a t i o n   t o  

w h i c h   the  o t h e r   of  s a i d   two  l a y e r s   i s  

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

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

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

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

c o n t r a s t   b e t w e e n   2  and  8  and  d i f f e r i n g   i n  

s p e e d   f rom  each   o t h e r   so  t h a t   at  an  o p t i c a l  

d e n s i t y   of  1 . 3 ,   the   s p e e d   of  the  e m u l s i o n  

l a y e r   f a r t h e s t   f rom  the   s u b s t r a t e  i n   s a i d  

o t h e r   p a i r   of  e m u l s i o n   l a y e r s   is  a t   l e a s t   0 . 2  

logE  u n i t s   f a s t e r   t h a n   the   s p e e d   of  t h e  

e m u l s i o n   l a y e r   c l o s e s t   to  the  s u b s t r a t e   i n  

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



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

a  f u l l   c o l o r   image  w i t h   e x p o s u r e   of  a t   l e a s t   two  s i l v e r  

h a l i d e   e m u l s i o n   l a y e r s   to  r a d i a t i o n   w i t h i n   the  i n f r a r e d  

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

a )  a  s u b s t r a t e ,   a n d  

b)  on  one  s i d e   of  s a i d   s u b s t r a t e   a t   l e a s t   t h r e e  

s i l v e r   h a l i d e   e m u l s i o n   l a y e r s ,   e ach   of  s a i d  

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

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

d i f f e r e n t   c o l o r   dye  i m a g e ,  

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

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

be  e x p o s e d ,   a  f i r s t   e m u l s i o n   s e n s i t i z e d   to  a  p o r t i o n   of  t h e  
i n f r a r e d   r e g i o n   of  the  e l e c t r o m a g n e t i c   s p e c t r u m ,  a   s e c o n d  

e m u l s i o n   s e n s i t i z e d   to  a  p o r t i o n   of  the   i n f r a r e d   r e g i o n   o f  

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

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

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

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

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

is   s e n s i t i z e d ,   a n d  

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

c o n s t r u c t i o n   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   o f :  

1)  e a c h   of  the   t h r e e   l a y e r s   h a v i n g   a  c o n t r a s t  

b e t w e e n   2  and  8  and  the   f i r s t   two  l a y e r s  

d i f f e r i n g   f rom  e a c h   o t h e r   in  p h o t o g r a p h i c  

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

1 . 3 ,   s p e e d   of  the   s e c o n d   e m u l s i o n   l a y e r ,   a n d  

the  s e c o n d   e m u l s i o n   is  a t   l e a s t   0 . 2   l o g E  

u n i t s   f a s t e r   t h a n   the   f i r s t   e m u l s i o n   l a y e r ,  

a n d  

2)   b e t w e e n   s a i d   f i r s t   and  s e c o n d   e m u l s i o n   l a y e r s  

is  a  f i l t e r   l a y e r   a b s o r b i n g   i n f r a r e d  

r a d i a t i o n   in  a  r a n g e   o v e r l a p p i n g   the   r e g i o n  

of  maximum  s e n s i t i v i t y   of  s a i d   s e c o n d  

e m u l s i o n   l a y e r   w i t h o u t   a b s o r b i n g   more  t h a n  

f o r t y   p e r c e n t   of  the   i n f r a r e d   r a d i a t i o n   t o  



which   s a i d   f i r s t   e m u l s i o n   l a y e r   is   s e n s i t i z e d .  

3.  A  p h o t o s e n s i t i v e   e l e m e n t   c a p a b l e   of  p r o v i d i n g   a  
f u l l   c o l o r   image   e x p o s u r e   of  at   l e a s t   two  s i l v e r   h a l i d e  

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

a)  a  s u b s t r a t e ,   a n d  

b)  on  one  s i d e   of  s a i d   s u b s t r a t e   a t   l e a s t   t h r e e  

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

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

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

i m a g e ,  

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

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

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

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

of  the   e l e c t r o m a g n e t i c   s p e c t r u m   wh ich   i s   of  a  s h o r t e r  

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

i s   s e n s i t i z e d ,   and  a  t h i r d   e m u l s i o n   s e n s i t i z e d   to  a  

p o r t i o n   of  the   e l e c t r o m a g n e t i c   s p e c t r u m   wh ich   is  of  a  

s h o r t e r   w a v e l e n g t h   t h a n   the  p o r t i o n   to  wh ich   s a i d   s e c o n d  

e m u l s i o n   i s  s e n s i t i z e d ,   a n d  

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

c o n s t r u c t i o n   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   o f :  

1)  each   of  the   t h r e e   l a y e r s   h a v i n g   a  c o n t r a s t  

b e t w e e n   2  and  8  and  the   f i r s t   two  l a y e r s  

d i f f e r i n g   f rom  each  o t h e r   in  p h o t o g r a p h i c   s p e e d  

such   t h a t ,   a t   a n , o p t i c a l   d e n s i t y   of  1 . 3 ,   t h e  

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

0 .2  l ogE   u n i t s   f a s t e r   t h a n   the   f i r s t   e m u l s i o n  

l a y e r ,   a n d  

2)  b e t w e e n   s a i d   f i r s t   and  s e c o n d   e m u l s i o n  

l a y e r s   is   a  f i l t e r   l a y e r   a b s o r b i n g   i n f r a r e d  



r a d i a t i o n   in  a  r a n g e   o v e r l a p p i n g   t he   r e g i o n   o f  

maximum  s e n s i t i v i t y   of  s a i d   s e c o n d   e m u l s i o n  

l a y e r   w i t h o u t   a b s o r b i n g   more  t h a n   f o r t y   p e r c e n t  
of  the   i n f r a r e d   r a d i a t i o n   to  w h i c h   sa i ' d   f i r s t  

e m u l s i o n   l a y e r   i s   s e n s i t i z e d .  

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

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

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

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

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

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

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

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

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

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

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

f i r s t   and  s e c o n d   l a y e r   d i f f e r i n g   by  a t   l e a s t  1 5   nm,  a n d  

a  t h i r d   s i l v e r   h a l i d e   e m u l s i o n   l a y e r   s e n s i t i z e d   to  a  

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

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

t h i r d   l a y e r   d i f f e r i n g   by  at   l e a s t   15  nm  f rom  t h e  

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

f i r s t   and  s e c o n d   l a y e r s ,   the   s e n s i t i v i t i e s   of  each   o f  

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

b e t w e e n   any  two  l a y e r s   h a v i n g   t h e i r   maximum  s e n s i t i v i t y  

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

w a v e l e n g t h   of  maximum  s p e c t r a l   s e n s i t i v i t y   has   a  s p e e d  

w h i c h   i s   a t   l e a s t   0 .2   l ogE   u n i t s   f a s t e r   t h a n   the   o t h e r  

of  s a i d   any  two  l a y e r s .  



5.  The  p h o t o g r a p h i c   e l e m e n t   of  C l a i m   1  or  C l a i m   2 ,  
in  wh ich   the  c o n s t r u c t i o n   has  a t   l e a s t   one  f i l t e r   l a y e r  
b e t w e e n   a  p a i r   of  a d j a c e n t   e m u l s i o n   l a y e r s   wh ich   a b s o r b s  

b e t w e e n   t en   and  e i g h t y   p e r c e n t   of  the   i n f r a r e d   r a d i a t i o n  

to  which   the   l a y e r   f a r t h e r   f rom  the   s u b s t r a t e   i s  

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

t h e   i n f r a r e d   r a d i a t i o n   to  which   the   l a y e r   c l o s e r   to  t h e  

s u b s t r a t e   is  s e n s i t i z e d .  

6.  The  p h o t o g r a p h i c   e l e m e n t   of  C l a i m   1  or  C l a i m   2 ,  

in  wh ich   two  f i l t e r   l a y e r s   a r e   p r e s e n t ,   one  b e t w e e n   s a i d  

f i r s t   a n d ' s e c o n d   e m u l s i o n   l a y e r   and  one  b e t w e e n   s a i d  

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

l a y e r s   a b s o r b i n g   a t   l e a s t   t en   and  l e s s   t h a n   e i g h t y  

p e r c e n t   of  the   i n f r a r e d   r a d i a t i o n   to  w h i c h   the   a d j a c e n t  

l a y e r   f a r t h e r   f rom  the   s u b s t r a t e  i s   s e n s i t i z e d   w h i l e  

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

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

s u b s t r a t e   i s   s e n s i t i z e d .  

7.  The  p h o t o g r a p h i c   e l e m e n t   of  C l a i m   1  or  C l a i m   2 ,  

in  wh ich   a t   l e a s t   two  a d j a c e n t   e m u l s i o n   l a y e r s   d i f f e r   i n  

t h e i r   p h o t o g r a p h i c   s p e e d   and  have   a  c o n t r a s t   b e t w e e n   2 

and  5,  the   s p e e d   d i f f e r e n c e   b e t w e e n   s a i d   two  a d j a c e n t  

l a y e r s   b e i n g   such   t h a t   a t   an  o p t i c a l   d e n s i t y   of  1 .3   t h e  

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

s u b s t r a t e   is   a t   l e a s t   0 .5   logE  u n i t s   s l o w e r   t h a n   t h e  

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

s u b s t r a t e .  

8.  The  p h o t o s e n s i t i v e   e l e m e n t   of  C l a i m   3,  in  w h i c h  

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

p h o t o g r a p h i c   s p e e d   and  have  a  c o n t r a s t   b e t w e e n   2  and  5 ,  



the   s p e e d   d i f f e r e n c e   b e t w e e n   s a i d   two  a d j a c e n t   l a y e r s  

b e i n g   such   t h a t   a t   an  o p t i c a l   d e n s i t y   of  1 .3   t he   s p e e d  
of  the  a d j a c e n t   e m u l s i o n   l a y e r   c l o s e s t   to  the   s u b s t r a t e  

i s   a t   l e a s t   0 .5   l ogE   u n i t s   s l o w e r   t h a n   the   s p e e d   of  t h e  

a d j a c e n t   e m u l s i o n   l a y e r   f a r t h e s t   f rom  t he   s u b s t r a t e .  

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

to  3,  in  w h i c h   b o t h   p a i r s   of  a d j a c e n t   e m u l s i o n   l a y e r s   i n  

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

p h o t o g r a p h i c   s p e e d   and  have   a  c o n t r a s t  b e t w e e n   2  and  5 ,  

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

t h a t   a t   an  o p t i c a l   d e n s i t y   of  1 .3   t he   s p e e d   of  t h e  

a d j a c e n t   e m u l s i o n   l a y e r   of  each   p a i r   c l o s e s t   to  t h e  

s u b s t r a t e   i s   a t   l e a s t   0 .5   logE  u n i t s   s l o w e r   t h a n   t h e  

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

s u b s t r a t e .  

10.  The  p h o t o s e n s i t i v e   e l e m e n t   of  C l a i m   3 ,  w h e r e i n  

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

w a v e l e n g t h   w i t h i n   t he   v i s i b l e   p o r t i o n   of  t h e  

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

i s   f u r t h e r   f rom  t h e   s u b s t r a t e   t h a n   s a i d   f i r s t   and  s e c o n d  

e m u l s i o n   l a y e r s .  

11.  The  p h o t o s e n s i t i v e   e l e m e n t   of  C l a i m   3,  w h e r e i n  

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

w a v e l e n g t h   w i t h i n   t he   v i s i b l e   p o r t i o n   of  t h e  

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

is   l o c a t e d   b e t w e e n   s a i d   f i r s t   and  s e c o n d   e m u l s i o n   l a y e r s .  

12.  The  p h o t o s e n s i t i v e   e l e m e n t   of  C l a i m   3,  w h e r e i n  

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

w a v e l e n g t h   w i t h i n   the   v i s i b l e   p o r t i o n   of  t h e  



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

13.  The  p h o t o g r a p h i c   e l e m e n t   as  c l a i m e d   in  a n y  
p r e c e d i n g   c l a i m ,   in  w h i c h   the   c o n t r a s t   of  e a c h   of  s a i d  

a t   l e a s t   t h r e e   s i l v e r   h a l i d e   e m u l s i o n   l a y e r s   is   b e t w e e n  

2  and  8 .  

14.  The  p h o t o g r a p h i c   e l e m e n t   as  c l a i m e d   in  C l a i m   4 ,  
in  w h i c h   the   c o n t r a s t   of  e a c h   of  s a i d   a t   l e a s t   t h r e e  

s i l v e r   h a l i d e   e m u l s i o n   l a y e r s   is   b e t w e e n   0 .5   and  1 2 .  

15.  The  c o l o r   p h o t o g r a p h i c   e l e m e n t   as  c l a i m e d   i n  

C l a i m   14,  in  which   the   w a v e l e n g t h s   of  m a x i m u m  

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

l a y e r s   d i f f e r   f rom  each   o t h e r   by  a t   l e a s t   35  nm  and  t h e  

c o n t r a s t   of  e a c h   of  s a i d   t h r e e   e m u l s i o n   l a y e r s   i s   f rom  1 

to  1 1 .  

16.  The  c o l o r   p h o t o g r a p h i c   e l e m e n t   as  c l a i m e d   i n  

C l a i m   4,  in  wh ich   the   w a v l e n g t h s   of  maximum  s e n s i t i v i t y  

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

f rom  e a c h   o t h e r   by  a t   l e a s t   50  nm  and  t he   c o n t r a s t   o f  

e a c h   of  s a i d   t h r e e   e m u l s i o n   l a y e r s   is   f r om  2  to   8 .  

17.  The  c o l o u r   p h o t o g r a p h i c   e l e m e n t   as  c l a i m e d   i n  

a n y  o n e   of  C l a i m s   4  and  14  to  16,  in  w h i c h   b e t w e e n   s a i d  

any  two  l a y e r s ,   the   e m u l s i o n   l a y e r   h a v i n g   the   s h o r t e r  

w a v e l e n g t h   of  maximum  s e n s i t i v i t y   has  a  s p e e d   wh ich   i s  

a t   l e a s t   0 .5   logE  u n i t s   f a s t e r   t h a n   the   o t h e r   of  s a i d  

any  two  l a y e r s .  



18.  The  p h o t o s e n s i t i v e   e l e m e n t   as  c l a i m e d   in  a n y  

p r e c e d i n g   c l a i m ,   in   wh ich   s a i d   means   of  p r o v i d i n g   a  
d i f f e r e n t   c o l o r   c o m p r i s e s   a  d y e - t r a n s f e r   p r o c e s s .  

19.  The  p h o t o s e n s i t i v e   e l e m e n t   as  c l a i m e d   in  a n y  

p r e c e d i n g   c l a i m ,   in  w h i c h   s a i d   m e a n s  o f   p r o v i d i n g   a  

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

20.  The  p h o t o s e n s i t i v e   e l e m e n t   as  c l a i m e d   in  a n y  

p r e c e d i n g   c l a i m ,   in  wh ich   s a i d   means   of  p r o v i d i n g   a  

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

21.  The  p h o t o s e n s i t i v e   e l e m e n t   as  c l a i m e d   in  a n y  

p r e c e d i n g   c l a i m ,   in  w h i c h   s a i d   means   of  p r o v i d i n g   a  

d i f f e r e n t   c o l o r   c o m p r i s e s   t he   r e a c t i o n   b e t w e e n   a  

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

an  o x i d i z e d   c o l o r   p h o t o g r a p h i c   d e v e l o p e r .  
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