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©  Photosensitive  element  and  photographic  process. 

Photosensitive  elements  are  disclosed  which  employ  a 
spacer  layer  between  a  silver  halide  emulsion  layer  and  the 
adjacent  layer  of  image-providing  material,  the  spacer  layer 
comprising  a  light-reflecting  pigment  in  a  dispersion  of  inert 
polymeric  particles.  The  photosensitive  elements  are  particu- 
larly  useful  in  photographic  films  for  forming  multicolor 
diffusion  transfer  images. 



This   i n v e n t i o n   r e l a t e s   to  p h o t o g r a p h y   and,  more  

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

U.  S . '  P a t e n t   No.  2 , 9 8 3 , 6 0 6 ,   i s s u e d   May  9,  1961  t o  

Howard  G.  R o g e r s ,   a  p h o t o s e n s i t i v e   e l e m e n t   c o n t a i n i n g   a  d y e  

d e v e l o p e r   and  a  s i l v e r   h a l i d e   emuls ion   is  p h o t o e x p o s e d   and  

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

i m m e r s i o n ,   c o a t i n g ,   s p r a y i n g ,   f l o w i n g ,   e t c . ,   in  the  d a r k .  

The  exposed   p h o t o s e n s i t i v e   e l ement   s u p e r p o s e d   p r i o r   t o ,  

d u r i n g ,   or  a f t e r   the  p r o c e s s i n g   c o m p o s i t i o n   is  a p p l i e d ,   on 

a  s h e e t - l i k e   s u p p o r t   e l e m e n t   which  may  be  u t i l i z e d   as  an  

i m a g e - r e c e i v i n g   e l e m e n t .   In  a  p r e f e r r e d   embodiment ,   t h e  

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

e l e m e n t   in  a  s u b s t a n t i a l l y   un i fo rm  l a y e r   as  the  p h o t o s e n s i t i v e  

e l emen t   is  b r o u g h t   i n t o   s u p e r p o s e d   r e l a t i o n s h i p   wi th   t h e  

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

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

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

l a t e n t   image  c o n t a i n e d   t h e r e i n .   The  dye  d e v e l o p e r   is  i m m o b i l i z e d  

or  p r e c i p i t a t e d   in  exposed   a r e a s   as  a  c o n s e q u e n c e   of  t h e  

d e v e l o p m e n t .   In  u n e x p o s e d   and  p a r t i a l l y   exposed   a r e a s   o f  

the  e m u l s i o n ,   the  dye  d e v e l o p e r   is  u n r e a c t e d   and  d i f f u s i b l e  

and  thus   p r o v i d e s   an  imagewise   d i s t r i b u t i o n   of  u n o x i d i z e d  

dye  d e v e l o p e r ,   d i f f u s i b l e   in  the  p r o c e s s i n g   c o m p o s i t i o n ,  

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

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

d i s t r i b u t i o n   of  u n o x i d i z e d   dye  d e v e l o p e r   is  t r a n s f e r r e d ,   by  

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

s a id   t r a n s f e r   s u b s t a n t i a l l y   e x c l u d i n g   o x i d i z e d   dye  d e v e l o p e r .  

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



from  the  d e v e l o p e d   e m u l s i o n ,   of  u n o x i d i z e d   dye  d e v e l o p e r  

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

t h e r e o f   to  p r o v i d e   a  r e v e r s e d   or  p o s i t i v e   c o l o r   image  of  t h e  

d e v e l o p e d   image.   The  i m a g e - r e c e i v i n g   e l emen t   may  c o n t a i n  

a g e n t s   a d a p t e d   to  mordant   or  o t h e r w i s e   f ix   the  d i f f u s e d ,  

u n c x i d i z e d   dye  d e v e l o p e r .   In  a  p r e f e r r e d   embodiment   of  s a i d  

U.  S.  P a t e n t   No.  2 , 9 8 3 , 6 0 6   and  in  c e r t a i n   c o m m e r c i a l  

a p p l i c a t i o n s   t h e r e o f ,   the  d e s i r e d   p o s i t i v e   image  is  r e v e a l e d  

by  s e p a r a t i n g   the  i m a g e - r e c e i v i n g   l a y e r   from  the  p h o t o s e n s i t i v e  

e l emen t   at  the  end  of  a  s u i t a b l e   i m b i b i t i o n   p e r i o d .   A l t e r n a -  

t i v e l y ,   as  a l s o   d i s c l o s e d   in  s a id   U.  S.  P a t e n t   No.  2 , 9 8 3 , 6 0 6  

and  as  embodied   in  c e r t a i n   o t h e r   commerc i a l   a p p l i c a t i o n s  

t h e r e o f ,   the   i m a g e - r e c e i v i n g   l a y e r   need  not  be  s e p a r a t e d   f r o m  

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

s u b s e q u e n t   to  t r a n s f e r   image  f o r m a t i o n ,   i f   the   s u p p o r t   f o r  

the  i m a g e - r e c e i v i n g   l a y e r ,   as  we l l   as  any  o t h e r   l a y e r s  

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

t r a n s p a r e n t   and  a  p r o c e s s i n g   c o m p o s i t i o n   c o n t a i n i n g   a 

s u b s t a n c e ,   e . g . ,   a  whi te   p i g m e n t ,   e f f e c t i v e   to  mask  t h e  

d e v e l o p e d   s i l v e r   h a l i d e   emu l s ion   or  e m u l s i o n s  i s   a p p l i e d  

be tween   the  i m a g e - r e c e i v i n g   l a y e r   and  sa id   s i l v e r   h a l i d e  

e m u l s i o n   or  e m u l s i o n s .  

Dye  d e v e l o p e r s ,   as  no ted   in  s a id   U.  S.  P a t e n t   No. 

2 , 9 8 3 . 6 0 6 ,   a re   compounds  which  c o n t a i n ,   in  the  same  m o l e c u l e ,  

both  the  c h r o m o p h o r i c   sys tem  of  a  dye  and  a l s o   a  s i l v e r   h a l i d e  

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



is  meant  a  g roup ing   a d a p t e d   to  d e v e l o p   exposed  s i l v e r   h a l i d e .  

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

h y d r o q u i n o n y l   group.   In  g e n e r a l ,   the  d e v e l o p m e n t   f u n c t i o n  

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

d e v e l o p i n g   group  which  forms  q u i n o n o i d   or  qu inone   s u b s t a n c e s  

. when  o x i d i z e d .  

M u l t i c o l o r   images  may  be  o b t a i n e d   u s i n g   d y e  

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

t e c h n i q u e s .   One  such  t e c h n i q u e   c o n t e m p l a t e s   o b t a i n i n g  

m u l t i c o l o r   t r a n s f e r   images  u t i l i z i n g   dye  d e v e l o p e r s   by  

employment   of  an  i n t e g r a l   m u l t i l a y e r   p h o t o s e n s i t i v e   e l e m e n t ,  

such  as  is  d i s c l o s e d   in  the  a f o r e m e n t i o n e d   U.  S.  P a t e n t   No. 

2 , 9 8 3 , 6 0 6   and  in  U.   S.  P a t e n t   No.  3 , 3 4 5 , 1 6 3   i s s u e d   October   3 ,  

1967  to  Edwin  H.  L a n d . a n d   Howard  G.  Rogers ,   w h e r e i n   at  l e a s t  

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

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

s e p a r a t i o n ,   with  a  s i n g l e   common  i m a g e - r e c e i v i n g   l a y e r .   A 

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

a  r e d - s e n s i t i v e   s i l v e r   h a l i d e   emuls ion   s t r a t u m ,   a  g r e e n -  

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

s i l v e r   h a l i d e   emul s ion   s t r a t u m ,   sa id   e m u l s i o n s   having   a s s o c i a t e d  

t h e r e w i t h ,   r e s p e c t i v e l y ,   for   example ,   a  cyan  dye  d e v e l o p e r ,  

a  magenta   dye  d e v e l o p e r   and  a  y e l l o w   dye  d e v e l o p e r .   The  d y e  

d e v e l o p e r   may  be  u t i l i z e d   in  t h e  s i l v e r   h a l i d e   e m u l s i o n  

s t r a t u m ,   for   example  in  the  form  of  p a r t i c l e s ,   or  i t   may  be  

d i s p o s e d   in  a  s t r a t u m   beh ind   the  a p p r o p r i a t e   s i l v e r   h a l i d e  

e m u l s i o n   s t r a t a .   Each  s e t   of  s i l v e r   h a l i d e   e m u l s i o n   and  

a s s o c i a t e d   dye  d e v e l o p e r   s t r a t a   may  be  s e p a r a t e d   from  o t h e r  

s e t s   by  s u i t a b l e   i n t e r l a y e r s ,   for  example ,   by  a  l a y e r   o r  

s t r a t u m   of  g e l a t i n   or  p o l y v i n y l   a l c o h o l .   In  c e r t a i n  



i n s t a n c e s ,   i t   may  be  d e s i r a b l e   to  i n c o r p o r a t e   a  y e l l o w  

f i l t e r   in  f r o n t   of  the  g r e e n - s e n s i t i v e   e m u l s i o n   and  s u c h  

y e l l o w   f i l t e r   may  be  i n c o r p o r a t e d   in  an  i n t e r l a y e r .   H o w e v e r ,  

where  d e s i r a b l e ,   a  y e l l o w   dye  d e v e l o p e r   of  the  a p p r o p r i a t e  

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

f u n c t i o n i n g   as  a  y e l l o w   f i l t e r   may  be  so  employed  and  a 

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

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

dye  d e v e l o p e r   images   are   d i s c l o s e d   in  U.  S.  P a t e n t   No.  3 , 9 1 5 , 6 4 4  

i s s u e d   December  10,  1968  to  Edwin  H.  Land.  This   p a t e n t  

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

p h o t o s e n s i t i v e   e l e m e n t   and  an  i m a g e - r e c e i v i n g   e l emen t   a r e  

m a i n t a i n e d   in  f i x e d   r e l a t i o n s h i p   p r i o r   to  e x p o s u r e ,   and  t h i s  

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

and  image  f o r m a t i o n .   In  t h e s e   p r o d u c t s ,   the  f i n a l   image  i s  

viewed  t h r o u g h   a  t r a n s p a r e n t   ( s u p p o r t )   e l e m e n t   a g a i n s t   a  

l i g h t - r e f l e c t i n g ,   i . e . ,   wh i t e   b a c k g r o u n d .   P h o t o e x p o s u r e   i s  

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

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

m a t e r i a l   to  p r o v i d e   a  whi te   b a c k g r o u n d .   The  l i g h t - r e f l e c t i n g  

m a t e r i a l   ( r e f e r r e d   to  in  sa id   p a t e n t   as  an  " o p a c i f y i n g   a g e n t " )  

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

o p a c i f y i n g   f u n c t i o n ,   i . e . ,   i t   is  e f f e c t i v e   to  mask  t h e  

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

may  be  viewed  w i t h o u t   i n t e r f e r e n c e   t h e r e f r o m ,   and  i t   a l s o  

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

p o s t - e x p o s u r e   f o g g i n g   by  l i g h t   p a s s i n g   t h r o u g h   sa id   t r a n s p a r e n t  

l a y e r   i f   the  p h o t o e x p o s e d   f i lm  u n i t   is  removed  from  the  c a m e r a  

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



U.  S.  P a t e n t   No.  3 , 6 4 7 , 4 3 7 ,   i s s u e d   March  7,  1972  t o  

Edwin  H.  Land,  is  c o n c e r n e d   with  improvemen t s   in  p r o d u c t s   and  

p r o c e s s e s   d i s c l o s e d   in  sa id   U.  S.  P a t e n t   No.  3 , 4 1 5 , 6 4 4 ,   and  

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

p e r m i t   such  p r o c e s s e s   to  be  p e r f o r m e d ,   o u t s i d e   of  the  c a m e r a  

in  which  p h o t o e x p o s u r e   is  e f f e c t e d ,   under  much  more  i n t e n s e  

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

r e a g e n t ,   p r e f e r a b l y   a  p H - s e n s i t i v e   p h t h a l e i n   dye,  is  p r o v i d e d  

so  p o s i t i o n e d   a n d / o r   c o n s t i t u t e d   as  not  to  i n t e r f e r e   w i t h  

p h o t o e x p o s u r e   but  so  p o s i t i o n e d   between  the  p h o t o e x p o s e d  

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

p r o c e s s i n g   a f t e r   p h o t o e x p o s u r e   as  to  abso rb   l i g h t   w h i c h  

o t h e r w i s e   might   fog  the   p h o t o e x p o s e d   e m u l s i o n s .   F u r t h e r m o r e ,  

the  l i g h t - a b s o r b i n g   m a t e r i a l   is  so  p o s - i t i o n e d   a n d / o r  

c o n s t i t u t e d  a f t e r   p r o c e s s i n g   as  not  to  i n t e r f e r e   wi th   v i e w i n g  

the  d e s i r e d   image  s h o r t l y   a f t e r   s a id   image  has  been  f o r m e d .  

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

a l s o   somet imes   r e f e r r e d   to  as  an  o p t i c a l   f i l t e r   a g e n t ,  

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

w i th   a  l i g h t - r e f l e c t i n g   m a t e r i a l ,   e . g . ,   t i t a n i u m   d i o x i d e .  

The  c o n c e n t r a t i o n   of  the   l i g h t - a b s o r b i n g   dye  is  s e l e c t e d   t o  

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

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

In  a  p a r t i c u l a r l y   u s e f u l   embodiment ,   the  l i g h t -  

a b s o r b i n g   dye  is  h i g h l y   c o l o r e d   at  the  pH  of  the  p r o c e s s i n g  

c o m p o s i t i o n ,   e . g . ,   13 -14 ,   but  is  s u b s t a n t i a l l y   n o n - a b s o r b i n g  

of  v i s i b l e   l i g h t   at   a  lower  pH,  e . g . ,   l e s s   than  10-12 .   T h i s  

pH  r e d u c t i o n   may  be  e f f e c t e d   by  an  a c i d - r e a c t i n g   r e a g e n t  

a p p r o p r i a t e l y   p o s i t i o n e d   in  the  f i lm  u n i t ,   e . g . ,   in  a  l a y e r  

be tween   the  t r a n s p a r e n t   s u p p o r t   and  the  i m a g e - r e c e i v i n g   l a y e r .  



U.  S.  P a t e n t   No.  3 , 5 9 4 , 1 6 5   i s s u e d   Ju ly   20,  1971  t o  

Howard  G.  Rogers   d i s c l o s e s   p h o t o g r a p h i c   p r o d u c t s   and  p r o c e s s e s  

w h e r e i n   the  i m a g e - r e c e i v i n g   l a y e r   is  p a r t   of  the  p h o t o s e n s i t i v e  

e l e m e n t ,   and  t h i s   e l emen t   is  m a i n t a i n e d   in  f i x e d   r e l a t i o n s h i p  

wi th   a  t r a n s p a r e n t   cover   s h e e t   p r i o r   to  e x p o s u r e ,   and  t h i s  

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

and  image  f o r m a t i o n .   In  t h e s e   p r o d u c t s ,   the  f i n a l   image  i s  

v iewed  t h r o u g h   the  t r a n s p a r e n t   s u p p o r t   for  the  p h o t o s e n s i t i v e  

e l e m e n t ,   p h o t o e x p o s u r e   be ing   e f f e c t e d   th rough   the  t r a n s p a r e n t  

cover   s h e e t .   The  p h o t o s e n s i t i v e  e l e m e n t   i n c l u d e s   an  o p a q u e  

l a y e r   be tween   the  i m a g e - r e c e i v i n g   l a y e r   ( p o s i t i o n e d   a d j a c e n t  

the  t r a n s p a r e n t   s u p p o r t )   and  the   p h o t o s e n s i t i v e   l a y e r s ,   a n d  

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

p r e f e r a b l y   ca rbon   b l a c k ,   so  t h a t   the   exposed  f i l m   u n i t   may 

be  p r o c e s s e d   in  ambien t   l i g h t .  

As  d i s c l o s e d   in  s a i d   p a t e n t s   and  in  o t h e r  

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

d i f f u s i b l e   or  i n i t i a l l y   n o n - d i f f u s i b l e   and  i t   may  be  an  

image  dye  or  an  image  dye  i n t e r m e d i a t e .  

Canad ian   P a t e n t   No.  668,592  i s s u e d   Augus t   13,  1963  

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

( t i t a n i u m   d i o x i d e   in  g e l a t i n )   be tween   a  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   and  the  a s s o c i a t e d   l a y e r   of  image  d y e - p r o v i d i n g  

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

speed  of  the  s i l v e r   h a l i d e   l a y e r .   Such  l i g h t - r e f l e c t i n g  

l a y e r s   a re   i n d e e d   u s e f u l   to  i n c r e a s e   the  e f f e c t i v e   f i l m  

speed  as  a  r e s u l t   of  the  r e f l e c t i o n   of  l i g h t   back  to  t h e  

s i l v e r   h a l i d e .   However,  such  l i g h t - r e f l e c t i n g   l a y e r s   h a v e  

been  found  to  u n d e s i r a b l y   slow  down  the  d i f f u s i o n   of  t h e  

u n d e r l y i n g   image  d y e - p r o v i d i n g   m a t e r i a l   and,  in  at   l e a s t  



some  i n s t a n c e s ,   r educe   the  maximum  t r a n s f e r   d e n s i t y   as  a 

r e s u l t   of  r e t e n t i o n   of  the  image  dye  in  the  l i g h t - r e f l e c t i n g  

l a y e r .  

In  a c c o r d a n c e   wi th   the  p r e s e n t   i n v e n t i o n   a  s p a c e r  

l a y e r   is  p r o v i d e d   be tween   a  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  

'and  i t s   a s s o c i a t e d ,   u n d e r l y i n g   l a y e r   of  image  d y e - p r o v i d i n g  

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

p igmen t   d i s p e r s e d   in  i n e r t   p o l y m e r i c   p a r t i c l e s   which  a r e  

s u b s t a n t i a l l y   n o n - s w e l l i n g   in  a l k a l i   and  s u b s t a n t i a l l y  

n o n - f i l m - f o r m i n g .   These  s p a c e r   l a y e r s   have  been  found  t o  

r e q u i r e   lower  c o v e r a g e s   of  the  l i g h t - r e f l e c t i n g   p i g m e n t  

to  a c h i e v e   a  given  l i g h t   r e f l e c t a n c e ,   and  to  p r e s e n t  

r e l a t i v e l y   l i t t l e   i n h i b i t i o n   to  the  d i f f u s i o n   of  the  image  

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

i m a g e - r e c e i v i n g   l a y e r .  

The  l i g h t - r e f l e c t i n g   p igment   may  be  any  p i g m e n t  

which  is  p h o t o g r a p h i c a l l y   i n e r t   in  the  p a r t i c u l a r   p h o t o g r a p h i c  

p r o c e s s   and  which  e x h i b i t s   the  d e s i r e d   r e f l e c t i v i t y   for  t h e  

s i l v e r   h a l i d e   emuls ion   wi th   which  i t   is  to  be  a s s o c i a t e d .  

The  p r e f e r r e d   l i g h t - r e f l e c t i n g   p igment   is  t i t a n i u m   d i o x i d e .  

The  p igment   p a r t i c l e   s i z e   most  s u i t a b l e   for   any  p a r t i c u l a r  

a p p l i c a t i o n   may  be  d e t e r m i n e d   by  r o u t i n e   e x p e r i m e n t a t i o n .  

In  the  p r e f e r r e d   embodiments   of  t h i s   i n v e n t i o n   the   t i t a n i u m  

d i o x i d e   has  a  p a r t i c l e   s i z e   of  abou t   0 , 2  / u m .  

The  i n e r t ,   n o n - s w e l l i n g   p o l y m e r i c   p a r t i c l e s   a r e  

p r o v i d e d   as  a  n o n - c o a l e s c i n g   l a t e x   to  p r o v i d e   minimum 

i n h i b i t i o n   of  d i f f u s i n g   r e a g e n t s .   The  po lymer   may  have  an  

index   of  r e f r a c t i o n   which  is  h i g h e r ,   lower  or  abou t   t h e  

same  as  t h a t   of  g e l a t i n   but   the  index  shou ld   be  l e s s   t h a n  

t h a t   of  the  l i g h t - r e f l e c t i n g   p igmen t ,   t h e r e b y   i n c r e a s i n g  



the   r e f l e c t i v i t y   of  a  g iven   c o v e r a g e   of  the  p i g m e n t .   S u i t a b l e  

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

p o l y t e t r a f l u o r o e t h y l e n e .  

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

a n o t h e r   po lyn .e r ,   such  as  g e l a t i n   or  p o l y a c r y l a m i d e ,   t o  

p r o v i d e   a  b i n d e r   for  the  p igment   and  i n e r t   p o l y m e r i c  

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

s p a c e r   l a y e r .  

For  c o n v e n i e n c e ,   f u r t h e r   d e s c r i p t i o n   of  t h i s  

i n v e n t i o n   w i l l   be  in  the  c o n t e x t   of  the  use  of  dye  d e v e l o p e r s  

and  p o s i t i v e   t r a n s f e r   i m a g e s .  

The  F i g u r e   i l l u s t r a t e s   in  d i a g r a m m a t i c   c r o s s - s e c t i o n  

a  f i l m   u n i t   embodying  the  p r e s e n t   i n v e n t i o n ,   and  a d a p t e d   f o r  

use  as  an  i n t e g r a l   f i l m   u n i t   of  the  type  d e s c r i b e d   in  t h e  

a b o v e - m e n t i o n e d   U.  S . ' P a t e n t   No.  3 , 4 1 5 , 6 4 4 .   As  shown  i n  

the  F i g u r e ,   a  p h o t o s e n s i t i v e   e l emen t   60  is  p o s i t i o n e d   i n  

s u p e r p o s e d   r e l a t i o n s h i p   wi th   a  t r a n s p a r e n t   i m a g e - r e c e i v i n g  

e l e m e n t   70  t h r o u g h   which  p h o t o e x p o s u r e   of  the  p h o t o s e n s i t i v e  

e l e m e n t   is  to  be  e f f e c t e d .   P o s i t i o n e d   between  t h e  

p h o t o s e n s i t i v e   and  i m a g e - r e c e i v i n g   e l e m e n t s   60  and  70  i s  

a  r u p t u r a b l e   pod  50  r e l e a s a b l y   h o l d i n g   a  p r o c e s s i n g  

c o m p o s i t i o n   52.  The  p h o t o s e n s i t i v e   e l emen t   60  c o m p r i s e s  

an  opaque  s u p p o r t   10,  a  n e u t r a l i z i n g   l a y e r   12  of  a  p o l y m e r i c  

a c i d ,   a  l a y e r   14  a d a p t e d   to  " t ime"   the  a v a i l a b i l i t y   of  t h e  

p o l y m e r i c   ac id   by  p r e v e n t i n g   d i f f u s i o n   of  the  p r o c e s s i n g  

c o m p o s i t i o n   t h e r e t o   for   a  p r e d e t e r m i n e d   t ime ,   a  cyan  d y e  

d e v e l o p e r   l a y e r   16,  a  s p a c e r   l a y e r   18  in  a c c o r d a n c e   w i t h  

t h i s   i n v e n t i o n ,   a  r e d - s e n s i t i v 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   20,  an  i n t e r l a y e r   22,  a  magenta  dye  d e v e l o p e r   l a y e r   24 ,  

a  g r e e n - s e n s i t i v e   s i l v e r   h a l i d e   emuls ion   l a y e r   26,  an  



i n t e r l a y e r   28,  a  ye l l ow   dye  d e v e l o p e r   l a y e r   30,  a  b l u e -  

s e n s i t i v 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   32,  and  a  top  c o a t  

36.  (The  top  coa t   s e r v e s   as  an  a n t i - a b r a s i o n   l a y e r   a n d  

a l so   may  c a r r y   a  component   of  the  p h o t o g r a p h i c   sys tem,   e . g . ,  

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

e t c . ,   as  is  we l l   known  in  t h e  a r t . )   The  i m a g e - r e c e i v i n g  

l a y e r   70  c o m p r i s e s   a  t r a n s p a r e n t   s u p p o r t   40  and  an  i m a g e -  

r e c e i v i n g   l a y e r   42.  P h o t o e x p o s u r e   of  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   is  e f f e c t e d   t h r o u g h   the  t r a n s p a r e n t   s u p p o r t  

40  and  the  l a y e r s   c a r r i e d   t h e r e o n   a l s o   are  t r a n s p a r e n t ,  

the  f i l m   u n i t   be ing   so  p o s i t i o n e d   w i t h i n   the  camera  t h a t  

l i g h t   a d m i t t e d   t h r o u g h   the  camera  e x p o s u r e   or  lens   s y s t e m  

is  i n c i d e n t   upon  the  o u t e r   or  e x p o s u r e   s u r f a c e   of  t h e  

t r a n s p a r e n t   s u p p o r t   40.  A f t e r   e x p o s u r e   the  f i lm  u n i t   i s  

advanced   be tween   s u i t a b l e   p r e s s u r e - a p p l y i n g   members  ( n o t  

shown),   r u p t u r i n g   the  c o n t a i n e r   or  pod  50,  t h e r e b y   r e l e a s i n g  

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

52  and  fo rming   a  l a m i n a t e   of  the   p h o t o s e n s i t i v e   e l emen t   60 

and  the  i m a g e - r e c e i v i n g   e l e m e n t   70  wi th   t h e i r   r e s p e c t i v e  

s u p p o r t   members  p r o v i d i n g   the  o u t e r   l a y e r s   of  the  l a m i n a t e .  

The  opaque  p r o c e s s i n g   c o m p o s i t i o n   c o n t a i n s   a  f i l m - f o r m i n g  

po lymer ,   a  wh i t e   p igmen t   and  has  an  i n i t i a l   pH  at  which  t h e  

o p t i c a l   f i l t e r   a g e n t s   c o n t a i n e d   t h e r e i n   are  c o l o r e d ;   t h e  

o p t i c a l   f i l t e r   a g e n t s   are  s e l e c t e d   to  e x h i b i t   the  a p p r o p r i a t e  

l i g h t   a b s o r p t i o n ,   i . e . ,   o p t i c a l   d e n s i t y ,   over  the  w a v e l e n g t h  

range   of  l i g h t   a c t i n i c   to  the  p a r t i c u l a r   s i l v e r   h a l i d e  

e m u l s i o n s .   As  a  r e s u l t ,   ambien t   or  e n v i r o n m e n t a l   l i g h t  

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

t r a n s p a r e n t   s u p p o r t   40  and  t r a n s m i t t e d   t r a n s v e r s e l y   t h r o u g h  

sa id   t r a n s p a r e n t   s u p p o r t   and  the  t r a n s p a r e n t   l a y e r s   c a r r i e d  



t h e r e o n   in  the  d i r e c t i o n   of  the  exposed  s i l v e r   h a l i d e  

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

of  the  p h o t o e x p o s e d   and  d e v e l o p 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  exposed   and  d e v e l o p e d   a r e a s ,   the  dye  d e v e l o p e r   is  o x i d i z e d  

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

U n o x i d i z e d   dye  d e v e l o p e r   a s s o c i a t e d   with  u n d e v e l o p e d   a n d  

p a r t i a l l y   d e v e l o p e d   a r e a s   r ema ins   mobi le   and  is  t r a n s f e r r e d  

imagewise   to  the  i m a g e - r e c e i v i n g   l a y e r   42  to  p r o v i d e   t h e  

d e s i r e d   p o s i t i v e   image  t h e r e i n .   P e r m e a t i o n   of  the  a l k a l i n e  

p r o c e s s i n g   c o m p o s i t i o n   t h r o u g h   the  t iming   l a y e r   14  to  t h e  

n e u t r a l i z i n g   ( p o l y m e r i c   ac id )   l a y e r   12  is  so  c o n t r o l l e d   t h a t  

the  p r o c e s s   pH  is  m a i n t a i n e d   at   a  high  enough  l e v e l   to  e f f e c t  

the  r e q u i s i t e   d e v e l o p m e n t   and  image  t r a n s f e r   and  to  r e t a i n  

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

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

s ide   of  s a id   l a y e r ,   a f t e r   which  pH  r e d u c t i o n  e f f e c t e d   as  a  

r e s u l t   of  a l k a l i   p e r m e a t i o n   i n t o   the  p o l y m e r i c   ac id   l a y e r   12 

is  e f f e c t i v e   to  r e d u c e   the  pH  to  a  l e v e l   which  changes   t h e  

o p t i c a l   f i l t e r   a g e n t s   to  a  c o l o r l e s s   form.  A b s o r p t i o n   o f  

the  wa t e r   from  the   a p p l i e d   l a y e r   of  the  p r o c e s s i n g   c o m p o s i t i o n  

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

polymer   and  the  w h i t e   p i g m e n t   d i s p e r s e d   t h e r e i n ,   t h u s  

p r o v i d i n g   a  l i g h t - r e f l e c t i n g   l a y e r   which  a l so   s e r v e s   t o  

. l a m i n a t e   t o g e t h e r   the   p h o t o s e n s i t i v e   component   60  and  t h e  

i m a g e - r e c e i v i n g   component   70  to  p r o v i d e   the  f i n a l   i n t e g r a l  

image.  The  p o s i t i v e   t r a n s f e r   image  in  dye  d e v e l o p e r   p r e s e n t  

i n  t h e   i m a g e - r e c e i v i n g   l a y e r   42  is  viewed  t h r o u g h   t h e  

t r a n s p a r e n t   s u p p o r t   40  a g a i n s t   the  l i g h t - r e f l e c t i n g   l a y e r  

which  p r o v i d e s   an  e s s e n t i a l l y   whi te   backg round   for   the  dye  

image  and  a l so   e f f e c t i v e l y   masks  from  view  the  d e v e l o p e d  

p h o t o s e n s i t i v e   e l e m e n t   6 0 .  



The  s p a c e r   l a y e r   18  in  a c c o r d a n c e   with  t h i s  

i n v e n t i o n   c o m p r i s e s   a  l i g h t - r e f l e c t i n g   p igmen t ,   e . g . ,  

t i t a n i u m   d i o x i d e ,   d i s p e r s e d   in  i n e r t ,   s u b s t a n t i a l l y   n o n -  

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

an  u n c o a l e s c e d   p o l y m e t h y l m e t h a c r y l a t e   l a t e x .   L ight   p a s s i n g  

t h r o u g h   the  r e d - s e n s i t i v e   e m u l s i o n   l a y e r   18  is  r e f l e c t e d  

'by  the  s p a c e r   l a y e r   20  to  the  r e d - s e n s i t i v e   s i l v e r   h a l i d e  

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

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

l i g h t   r e f l e c t e d   by  the  s p a c e r   l a y e r   18  may  be  a d j u s t e d   i n  

a c c o r d a n c e   wi th   the  needs  of  the  p a r t i c u l a r   p h o t o g r a p h i c  

f i lm   by  i n c r e a s i n g   or  d e c r e a s i n g   the  c o v e r a g e   of  t h e  

l i g h t - r e f l e c t i n g   p i g m e n t .  

In  the  f i lm   u n i t   i l l u s t r a t e d   in  the  F igu re   t h e  

l i g h t - r e f l e c t i n g   p i g m e n t - c o n t a i n i n g   s p a c e r   l a y e r   is  shown 

between  the   cyan  dye  d e v e l o p e r   l a y e r ' a n d   the  r e d - s e n s i t i v 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 .   I t   w i l l   be  u n d e r s t o o d   t h a t  

such  s p a c e r   l a y e r s   20  a l s o   may  be  p o s i t i o n e d   between  t h e  

magenta  dye  d e v e l o p e r   l a y e r   24  and  the  g r e e n - s e n s i t i v 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   26,  be tween   the  y e l l o w   dye  d e v e l o p e r  

l a y e r   32  and  the  b l u e - s e n s i t i v 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   36.  or  in  any  c o m b i n a t i o n   of  t h e s e   t h r e e   l o c a t i o n s .  

Where  the  l i g h t - r e f l e c t i n g   p i g m e n t - c o n t a i n i n g   s p a c e r   l a y e r  

is  so  p o s i t i o n e d   t h a t   t h e r e   is  a n 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  

beh ind   i t ,   as  in  the  two  p o s i t i o n s   not   i l l u s t r a t e d   but  n o t e d  

above,   i t   w i l l   be  u n d e r s t o o d   t h a t   the  c o v e r a g e   of  the  l i g h i -  

r e f l e c t i n g   p igmen t   may  be  r e d u c e d   and  the  speed  of  t h e  

u n d e r l y i n g   s i l v e r   h a l i d e   e m u l s i o n ( s )   may  be  i n c r e a s e d   t o  

a d j u s t   for   any  l i g h t   l o s s   and  thus   o b t a i n   p r o p e r   e x p o s u r e  

of  the  u n d e r l y i n g   s i l v e r   h a l i d e   e m u l s i o n ( s ) .  



The  o p t i c a l   f i l t e r   agen t   is  r e t a i n e d   w i t h i n   t h e  

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

f i n a l   form,  i . e . ,   e x h i b i t i n g   no  v i s i b l e   a b s o r p t i o n   to  d e g r a d e  

the  t r a n s f e r   image  or  the  whi te   b a c k g r o u n d   t h e r e f o r   p r o v i d e d  

by  the  r e f l e c t i n g   l a y e r .   The  o p t i c a l   f i l t e r   agen t   may  b e  

r e t a i n e d   in  t.he  r e f l e c t i n g   l a y e r   under   t h e s e   c o n d i t i o n s ,   a n d  

'it  may  c o n t a i n   a  s u i t a b l e   "anchor"   or  " b a l l a s t "   group  t o  

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

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

component   and  be  m o r d a n t e d   by  the  g e l a t i n   or  o t h e r   m a t e r i a l  

p r e s e n t   on  the  s i l v e r   h a l i d e   emul s ion   s i de   of  the  r e f l e c t i n g  

l a y e r ;   o p t i c a l   f i l t e r   mordan t ed   in  the  p h o t o s e n s i t i v e  

component   60  may  be  c o l o r l e s s   or  c o l o r e d   in  i t s   f i n a l   s t a t e  

so  long  as  any  c o l o r   e x h i b i t e d   by  i t   is  e f f e c t i v e l y   m a s k e d  

by  the  r e f l e c t i n g   l a y e r .   In  the  p r e f e r r e d   embodiment ,   t h e  

o p t i c a l   f i l t e r   a g e n t s   are  p H - s e n s i t i v e   p h t h a l e i n   d y e s .  

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

( i n d i c a t o r   dye)  i s   s e l e c t e d   to  p r o v i d e   the  o p t i c a l   t r a n s m i s s i o n  

d e n s i t y   r e q u i r e d ,   in  c o m b i n a t i o n   wi th   o t h e r   l a y e r s   i n t e r m e d i a t e  

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   and  the   i n c i d e n t   r a d i a t i o n ,  

to  p r e v e n t   n o n i m a g e w i s e   e x p o s u r e ,   i . e . ,   f o g g i n g ,   by  i n c i d e n t  

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

p h o t o g r a p h i c   p r o c e s s .   The  t r a n s m i s s i o n   d e n s i t y   and  t h e  

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

r e q u i s i t e   p r o t e c t i o n   from  i n c i d e n t   l i g h t   may  be  r e a d i l y  

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

e x p e r i m e n t a t i o n ,   as  a  f u n c t i o n   of  f i lm   speed  or  s e n s i t i v i t y ,  

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

as  d e s c r i b e d   in  s a i d   U.  S.  P a t e n t   No.  3 t 6 4 7 t 4 3 7 .   I t   w i l l  

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



be  r e q u i r e d   for   a l l   p o r t i o n s   of  the  s p e c t r u m ,   l e s s e r   d e n s i t y  

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

l e s s e r   s e n s i t i v i t i e s   of  the  p a r t i c u l a r   p h o t o s e n s i t i v e  

m a t e r i a l .  

In  a  p a r t i c u l a r l y   u s e f u l   embodiment ,   the  o p t i c a l  

f i l t e r   a g e n t   is  a  l i g h t   a b s o r b i n g   dye  which  is  h i g h l y   c o l o r e d  

at  the  pH  of  the  p r o c e s s i n g   c o m p o s i t i o n ,   e . g . ,   13-14,   but  i s  

s u b s t a n t i a l l y   n o n - a b s o r b i n g   of  v i s i b l e   l i g h t   at   a  lower  pH, 

e . g . ,   l e s s   than   10-12 .   P a r t i c u l a r l y   s u i t a b l e   are  p h t h a l e i n  

dyes  hav ing   a  pKa  of  about   13  to  13 .5 ;   many  such  dyes  a r e  

d e s c r i b e d   in  the  a f o r e m e n t i o n e d   U.  S.  P a t e n t   No.  3 , 6 4 7 . 4 3 7 .  

This  pH  r e d u c t i o n   may  be  e f f e c t e d   by  an  a c i d - r e a c t i n g   r e a g e n t  

a p p r o p r i a t e l y   p o s i t i o n e d   in  the  f i lm   u n i t ,   e . g . ,   in  a  l a y e r  

of  the  p h o t o s e n s i t i v e   e l e m e n t   as  shown  in  the  F i g u r e   or  i n  

a  l a y e r   b e t w e e n   the  t r a n s p a r e n t   s u p p o r t   and  the  i m a g e - r e c e i v i n g  

l a y e r   or  in  o t h e r   p o s i t i o n s   as  known  in  the  a r t .  

I t   w i l l   be  u n d e r s t o o d   t h a t   a  m i x t u r e   of  l i g h t -  

a b s o r b i n g   m a t . e r i a l s   may  be  used  so  as  to  o b t a i n   a b s o r p t i o n  

in  a l l   c r i t i c a l   a r e a s   of  the  v i s i b l e   and  n e a r - v i s i b l e   by  

which  the  s i l v e r   h a l i d e   e m u l s i o n s   be ing   used  are  e x p o s a b l e .  

Many  dyes  which  change  from  c o l o r e d   to  c o l o r l e s s   as  a  

f u n c t i o n   of  pH  r e d u c t i o n ,   e . g . ,   p h t h a l e i n   dyes ,   are  known 

( see ,   for   example ,   the  a f o r e m e n t i o n e d   U.  S.  P a t e n t   No. 

3 , 6 4 7 , 4 3 7 )   and  a p p r o p r i a t e   s e l e c t i o n   may  be  made  by  o n e  

s k i l l e d   in  the  a r t   to  meet  the  p a r t i c u l a r   c o n d i t i o n s   of  a  

g iven   p r o c e s s   and  f i l m   u n i t .  

In  t h o s e   embodiments   of  t h i s   i n v e n t i o n   i n v o l v i n g  

a  f i lm  u n i t   of  the  type   shown  in  U.  S.  P a t e n t s   No.  3 , 4 1 5 , 6 4 4  

and  3 , 6 4 7 , 4 3 7   and  in  the  F i g u r e   and  hav ing   an  o p t i c a l   f i l t e r  

agen t   in  the  p r o c e s s i n g   c o m p o s i t i o n ;   i t   is  advan tageous -   t o  



u t i l i z e   an  i m a g e - r e c e i v i n g   e l emen t   having   a  s u r f a c e   l a y e r  

a d a p t e d   to  d e c o l o r i z e   the  o p t i c a l   f i l t e r   agent   a d j a c e n t   t h e  

i n t e r f a c e .   S u i t a b l e   d e c o l o r i z i n g   l a y e r s   are  d e s c r i b e d   i n  

the  c o p e n d i n g   a p p l i c a t i o n s   of  Edwin  H.  Land,  Leon  D. 

Cerankowski   and  Nei l   C.  M a t t u c c i ,   S e r i a l   No.  143.293  f i l e d  

A p r i l   24,  1980  (now  US  P a t e n t   No.  4 .298 .674   i s s u e d  

N o v e m b e r   3,  1981) ,   I r ena   B r o n s t e i n - B o n t e ,   Edward  P.  L i n d h o l m  

and  Lloyd  D.  T a y l o r ,   S e r i a l   No.  143.281  f i l e d   A p r i l   2 4 ,  

1980  (now  U.S.  P a t e n t   No.  4 . 2 9 4 . 9 0 7   i s s u e d   Oc tober   1 3 ,  

1981) ,   and  C h a r l e s   K.  C h i k l i s   and  Nei l   C.  M a t t u c c i ,  

S e r i a l   N o . - 2 6 7 . 4 1 6   f i l e d   May  26,  1981 .  

Of  the  s e v e r a l   " c l e a r i n g   c o a t s "   d e s c r i b e d   in  s a id   c o p e n d i n g  

a p p l i c a t i o n s ,   the  unha rdened   g e l a t i n   c l e a r i n g   coa t   d e s c r i b e d  

and  c l a imed   in  s a id   a p p l i c a t i o n   of  C h i k l i s   and  M a t t u c c i   i s  

p r e s e n t l y   p r e f e r r e d .  

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

the  type   h e r e i n   c o n t e m p l a t e d   fo r   use  in  s p a c e r   l a y e r   20  a r e  

d e s c r i b e d   in  the  copend ing   a p p l i c a t i o n s   of  P e t e r   O.  K l i e m ,  

S e r i a l   No.  38.533  f i l e d   May  14,  1979  and  S e r i a l   No.  2 1 0 . 8 0 8  

f i l e d   November  26,  1980.  The  f o l l o w i n g   i l l u s t r a t i v e   e x a m p l e  

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

for   use  in  the   p r a c t i c e   of  t h i s   i n v e n t i o n   is  r e p r o d u c e d  

from  s a id   c o p e n d i n g   a p p l i c a t i o n s :  



A  r e a c t o r   was  cha rged   wi th   102  1  of  d e m i n e r a l i z e d  

wa te r   and  the  Dowfax  2A1  and  h e a t e d   under   n i t r o g e n   to  83°C 

whereupon  7,65  kg  of  m e t h y l m e t h a c r y l a t e   w a s ' a d d e d   and  m ixed  

u n t i l   the  t e m p e r a t u r e   r e t u r n e d   to  83°C.  A f t e r   5  min.  at  83°C,  

4J93  kg  of  i n i t i a t o r   s o l u t i o n   (0,15  kg  of  p o t a s s i u m  

p e r s u l f a t e   and  14 ,79   kg  water )   was  added .   A f t e r   t h e  

e x o t h e r m   the  t e m p e r a t u r e   was  r e d u c e d ' t o   85°C  and  the  r e m a i n i n g  

m e t h y l m e t h a c r y l a t e   was  added  at  a  r a t e   of  abou t   361  g / m i n .  

and  the  r e m a i n i n g   i n i t i a t o r   s o l u t i o n   at  a  r a t e   of  a b o u t  

111  g /min .   At  the  end  of  the  monomer  and  i n i t i a t o r   s o l u t i o n ,  

the  t e m p e r a t u r e   was  m a i n t a i n e d   at   85°C  for   10  min.  and  t h e n  

the  a s c o r b i c   ac id   was  added.   The  r e s u l t i n g   l a t e x   had  a  30% 

s o l i d s   and  a b o u t   a  0,125  /um  a v e r a g e   p a r t i c l e   s i z e .  

As  n o t e d  a b o v e ,   the  use  of  the  i n e r t   p o l y m e r i c  

p a r t i c l e s   p e r m i t s   the  use  of  lower   c o v e r a g e s   of  the  l i g h t -  

r e f l e c t i n g   p i g m e n t   to  a c h i e v e   a  g iven   r e f l e c t i o n   of  l i g h t  

i n c i d e n t   on  the   p i g m e n t - c o n t a i n i n g   l a y e r .   Thus  i t   has  b e e n  

found  t h a t   a  w h i t e   l i g h t   r e f l e c t i o n   d e n s i t y   of  about   1 , 0  

may  be  o b t a i n e d   from  a  t i t a n i u m   d i o x i d e   c o v e r a g e   of  a b o u t  

1000  mg/m2  by  the  use  of  a  c o a t i n g   c o m p r i s i n g ,   by  w e i g h t ,  

8  p a r t s   t i t a n i u m   d i o x i d e ,   1  p a r t   g e l a t i n   and  3  p a r t s  

p o l y m e t h y l m e t h a c r y l a t e .   About  4000  mg/m2  of  t i t a n i u m  

d i o x i d e   was  found  to  be  needed  to  give  the   same  w h i t e  

r e f l e c t i o n   d e n s i t y   when  c o a t e d   u s ing   an  8:1  by  we igh t   r a t i o  

of  t i t a n i u m   d i o x i d e   and  g e l a t i n .   (The  wh i t e   r e f l e c t i o n  

d e n s i t y   was  m e a s u r e d   of  the  d e s c r i b e d   t i t a n i u m   d i o x i d e  

l a y e r s   c o a t e d   on  opaque  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   h a v i n g  

a  n e u t r a l   d e n s i t y   of  1 , 6 2 . )  

I t   w i l l   be  r e a d i l y   a p p a r e n t   t h a t   the  p r e s e n t  

i n v e n t i o n   p r o v i d e s   the  a b i l i t y   to  use  l e s s   s i l v e r   h a l i d e   t o  



o b t a i n   a  g iven   f i lm  speed .   This   in  t u rn   may  r educe   t h e  

c o n c e n t r a t i o n s   needed  of  o t h e r   components   of  the  s y s t e m .  

The  f o l l o w i n g   example   of  a  f i lm  w h e r e i n   t h e  

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

w i t h   t h i s   i n v e n t i o n   is  i n t e n d e d   to  be  i l l u s t r a t i v e   and  n o t  

l i m i t i n g .  

Example  1 

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

on  a  p o l y e t h y l e n e   g l y c o l   t e r e p h t h a l a t e   base ,   the  f o l l o w i n g  

l a y e r s :  

(1)  A  n e u t r a l i z i n g   l a y e r   of  a  p a r t i a l   b u t y l   e s t e r  

of  p o l y e t h y l e n e / m a l e i c   a n h y d r i d e   copolymer   at  a  c o v e r a g e   o f  

abou t   23 ,700   mg/m2  and  p o l y v i n y l b u t y r a l   at  a  c o v e r a g e   o f  

abou t   2 ,600  mg/m2.  

(2)  A  t i m i n g   l a y e r   of  a  6 0 , 6 / 2 9 / 6 , 3 / 3 , 7 / 0 , 4  

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

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

3 .500  mg/m2  and  abou t   524  mg/m2  of  g e l a t i n .  

(3)  A  l a y e r   of  a  g e l a t i n   d i s p e r s i o n   of  a  cyan  dye  

d e v e l o p e r ,   6 - d o d e c y l a m i n o p u r i n e ,   and  4 ' - m e t h y l p h e n y l h y d r o q u i n o n e  

c o a t e d   at   a  c o v e r a g e   of  abou t   600  mg/m2  of  dye,  225  mg/m2  o f  

6 - d o d e c y l a m i n o p u r i n e  ,   120  mg/m2  of  4 ' - m e t h y l p h e n y l h y d r o q u i n o n e ,  

and  300  mg/m2  of  g e l a t i n .  

(4)  A  s p a c e r   l a y e r   of  t i t a n i u m   d i o x i d e ,  

p o l y ( m e t h y l m e t h a c r y l a t e ) ,   g e l a t i n ,   the  above  p e n t a p o l y m e r ,  

and  p o l y a c r y l a m i d e   c o a t e d   a t   a  c o v e r a g e   of  abou t   1 ,000  mg/m2 

of  t i t a n i u m   d i o x i d e ,   375  mg/m2  of  p o l y ( m e t h y l m e t h a c r y l a t e ) ,  

125  mg/m2  of  g e l a t i n ,   375  mg/m2  of  s a id   p e n t a p o l y m e r ,   a n d  

270  mg/m2  of  p o l y a c r y l a m i d e .  



(5)  A  red  s e n s i t i v e   g e l a t i n o - s i l v e r   i o d o b r o m i d e  

( 1 , 8  µ m   )  emu l s ion   l a y e r   c o a t e d   at  a  cove rage   of  a b o u t  

1 ,300  mg/m2 of   s i l v e r   and  1.014  mg/m2  of  g e l a t i n .  

(6)  An  i n t e r l a y e r   of  the  above  p e n t a p o l y m e r  

c o a t e d   at  a  c o v e r a g e   of  about   3,000  mg/m ,  about   158  mg/m2 

of  p o l y a c r y l a m i d e   and  abou t   32  mg/m2  of  s u c c i n d i a l d e h y d e .  

(7)  A  l a y e r   of  g e l a t i n   d i s p e r s i o n   of  a  m a g e n t a  

dye  d e v e l o p e r   and  6 - d o d e c y l a m i n o p u r i n e   coa ted   at   a  c o v e r a g e  

of  abou t   575  mg/m2  of  dye,  280  mg/m2 of   g e l a t i n   and  23  mg/m2 

of  6 - d o d e c y l a m i n o p u r i n e .  

(8)  A  g r e e n - s e n s i t i v e   g e l a t i n o - s i l v e r   i o d o b r o m i d e  

e m u l s i o n   l a y e r   c o m p r i s i n g   a  b lend   of  1,1  µm  g r a i n s  

c o a t e d   at   a  c o v e r a g e   of  abou t   373  mg/m2  of  s i l v e r   a n d  

60 mg/m2  of  g e l a t i n   and  1,8  µm  g r a i n s   c o a t e d   at  a  

c o v e r a g e   of  abou t   1.027  mg/m2  of  s i l v e r   and  504  mg/m2  o f  

g e l a t i n .  

(9)  An  i n t e r l a y e r   of  the  above  p e n t a p o l y m e r  

c o a t e d   a t   a  c o v e r a g e   of  abou t   2.500  mg/m2,  a b o u t  1 3 0   m g / m  

of  p o l y a c r y l a m i d e ,   abou t   31  mg/m2  of  s u c c i n d i a l d e h y d e   a n d  

abou t   4  mg/m2  of  f o r m a l d e h y d e .  

(10)  A  l a y e r   of  2 - p h e n y l b e n z i m i d a z o l e   and  g e l a t i n  

c o a t e d   at  a  c o v e r a g e   of  abou t   250  mg/m2  of  2 - p h e n y l b e n z i m i d a z o l e  

and  100  mg/m2  of  g e l a t i n .  

(11)  A  l a y e r   of  a  g e l a t i n   d i s p e r s i o n   of  a  y e l l o w  

dye  d e v e l o p e r   c o a t e d   at  a  c o v e r a g e   of  about   800  mg/m2  o f  

dye  and  320  mg/m2  of  g e l a t i n .  

(12)  A  s p a c e r   l a y e r   of  t i t a n i u m   d i o x i d e ,  

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

c o v e r a g e   of  about   200  mg/m2  of  t i t a n i u m   d i o x i d e ,   150  mg/m2 

of  p o l y ( m e t h y l m e t h a c r y l a t e )   and  40  mg/m  of  p o l y a c r y l a m i d e .  



(13)  A  b l u e - s e n s i t i v e   g e l a t i n o - s i l v e r   i o d o b r o m i d e  

emu l s ion   l a y e r   c o m p r i s i n g   1,5  µm  g r a i n s   coa t ed   at  a 

c o v e r a g e   of  abou t   950  mg/m2  of  s i l v e r ,   456  mg/m2  of  g e l a t i n ,  

250  mg/m2  of  4 ' - m e t h y l p h e n y l h y d r o q u i n o n e ,   and  about   340  mg/m2 

of  d i e t h y l d o d e c a n a m i d e .  

(14)  A  top  coa t   l a y e r   of  g e l a t i n   c o a t e d   at  a 

c o v e r a g e   of  abou t   484  m g / m  .  

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

exposed   and  t hen   p r o c e s s e d   by  s p r e a d i n g   a . l a y e r   of  a l k a l i n e  

p r o c e s s i n g   c o m p o s i t i o n   a p p r o x i m a t e l y . 0 , 0 7 6   mm  t h i c k  

be tween   i t   and  a  s u p e r p o s e d   i m a g e - r e c e i v i n g   e l emen t   p r e p a r e d  

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

0,1  mm  s u p p o r t   wi th   the  f o l l o w i n g   l a y e r s :  

1.  an  i m a g e - r e c e i v i n g   l a y e r   c o a t e d   at  a  c o v e r a g e  

of  about   3 ,330  mg/m2  of  a  g r a f t   c o p o l y m e r  

c o m p r i s i n g   4 - v i n y l   p y r i d i n e   (4VP)  and  v i n y l   b e n z y l   t r i m e t h y l  

ammonium  c h l o r i d e   (TMQ)  g r a f t e d   onto  h y d r o x y e t h y l   c e l l u l o s e  

(HEC)  at  a  r a t i o   HEC/4VP/TMQ  of  2 , 2 / 2 , 2 / 1 ,   and  about   43  mg/m2 

of  1 , 4 - b u t a n e d i o l   d i g l y c i d y l   e t h e r   c r o s s - l i n k i n g  

a g e n t ;   a n d  

2.  a  l a y e r   of  u n h a r d e n e d   i n e r t   bone  g e l a t i n  





A f t e r   about   90  s econds   a  w e l l - d e v e l o p e d   m u l t i c o l o r   t r a n s f e r  

image  was  v i s i b l e   t h r o u g h   the  t r a n s p a r e n t   s u p p o r t   (40)  o f  

the  l a m i n a t e .   S e n s i t o m e t r i c   e v a l u a t i o n   showed  t h a t   t h e  

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

behind   the  r e d - s e n s i t i v e   s i l v e r   h a l i d e   emuls ion   r e s u l t e d  

in  an  i n c r e a s e   in  red  speed  of  abou t   0,5  s top   as  c o m p a r e d  

with  a  c o n t r o l   which  did  not  have  t h i s   s p a c e r   l a y e r .   The 

t i t a n i u m   d i o x i d e - c o n t a i n i n g   s p a c e r   l a y e r   behind   the  b l u e -  

s e n s i t i v 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   gave  a  l i t t l e   i n c r e a s e  

in  blue  speed  w i t h o u t   any  s i g n i f i c a n t   l o s s   in  green  a n d  

red  l i g h t   t r a n s m i s s i o n   to  the  u n d e r l y i n g   l a y e r s .   The 

c o n t r o l   of  the   y e l l o w   dye  d e v e l o p e r   a l s o   was  i m p r o v e d .  

The  cyan ,   magenta   and  y e l l o w   dye  d e v e l o p e r s  

used  in  the   above  examples   w e r e :  



The  p o l y m e t h y l m e t h a c r y l a t e   l a t e x   employed  i n  
the  s p a c e r   l a y e r s   of  the  above  example   had  an  a v e r a g e  
p a r t i c l e   s i z e   of  abou t   0,12  µm  The  t i t a n i u m   d i o x i d e  
had  a  p a r t i c l e   s i z e   of  about   0,2  / u m .  



I t   is  wel l   known  in  the  a r t   t h a t   for  in  c a m e r a  

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

v i s c o s i t y - i n c r e a s i n g   polymer  of  the  type   which,   when  t h e  

c o m p o s i t i o n   is  sp r ead   and  d r i e d ,   forms  a  r e l a t i v e l y   f i rm  a n d  

s t a b l e   f i l m .   High  m o l e c u l a r   w e i g h t   p o l y m e r s   are  p r e f e r r e d ,  

and  i n c l u d e   c e l l u l o s i c   po lymers   such  as  sodium  c a r b o x y m e t h y l  

c e l l u l o s e ,   h y d r o x y e t h y l   c e l l u l o s e   and  h y d r o x y e t h y l   c a r b o x y m e t h y l  

c e l l u l o s e .   A n o t h e r   c l a s s   of  u s e f u l   v i s c o s i t y - i n c r e a s i n g  

p o l y m e r s   c o m p r i s e s   the  oxime  po lymers   d i s c l o s e d   and  c l a i m e d  

in  U.  S.  P a t e n t   No.  4 , 2 0 2 , 6 9 4   i s s u e d   May  13,  1980  t o  

Lloyd  D.  T a y l o r .   S u i t a b l e   oxime  po lymer s   i n c l u d e   p o l y d i a c e t o n e  

a c r y l a m i d e   oxime  as  wel l   as  c o p o l y m e r s ,   e . g . ,   ox ima ted   p o l y  

d i a c e t o n e   a c r y l a m i d e / a c r y l i c   a c i d ,   and  o x i m a t e d   g r a f t  

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

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

such  oxime  p o l y m e r s   is   about   1%  by  w e i g h t   or  l e s s ,   e . g . ,  

a b o u t   0.8%  by  w e i g h t   as  in  the  above  e x a m p l e .  

I t   w i l l   be  u n d e r s t o o d   t h a t   the  n e u t r a l i z i n g   l a y e r   22 

and  t i m i n g   l a y e r   20  may  be  c o a t e d   in  the   p h o t o s e n s i t i v e  

e l e m e n t   b e t w e e n   the  opaque  s u p p o r t   10  and  the   cyan  d y e  

d e v e l o p e r   l a y e r   16,  as  d e s c r i b e d   in  U.  S.  P a t e n t   No.  3 , 5 3 7 , 0 4 3  

i s s u e d   March  30,  1971  to  Edwin  H.  Land  or  be tween   t h e  

t r a n s p a r e n t   s u p p o r t  4 0   and  the  i m a g e - r e c e i v i n g   l a y e r   4 2 ,  

as  d e s c r i b e d   in  the  a b o v e - m e n t i o n e d   U.  S.  P a t e n t   No.  3 , 4 1 5 , 6 4 4 .  

Other   t e c h n i q u e s   for   c o n t r o l l i n g   the  pH  known  in  the  a r t  

a l s o   may  be  u s e d .  

The  p o s i t i v e   component   60  and  the   n e g a t i v e   c o m p o n e n t  

70  shown  in  the  F i g u r e   may  be  s e c u r e d   to  each  o t h e r   a l o n g  

t h e i r   m a r g i n a l   edges  as  d e s c r i b e d   in  U.  S.  P a t e n t   No. 

3 , 4 1 5 , 6 4 4 .   Ihey   may  be  t e m p o r a r i l y   l a m i n a t e d   to  each  o t h e r  



by  a  bond  of  such  a  n a t u r e   t h a t   t h e s e   e l e m e n t s   may  b e  

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

c o m p o s i t i o n   f o l l o w i n g   r u p t u r e   of  the  pod  50.  A  p a r t i c u l a r l y  

u s e f u l   method  of  p r o v i d i n g   such  a  t e m p o r a r y   l a m i n a t i o n   i s  

to  app ly   an  aqueous   s o l u t i o n   of  a  p o l y e t h y l e n e   g l y c o l ,   e . g . ,  

a  p o l y e t h y l e n e   g l y c o l   hav ing   a  m o l e c u l a r   we igh t   of  a b o u t  

6000  such  as  t h a t   c o m m e r c i a l l y   a v a i l a b l e   under   the  t r a d e n a m e  

"Carbowax  6000"  from  Union  Ca rb ide   C o r p o r a t i o n .   Such  u s e s  

of  p o l y e t h y l e n e   g l y c o l s   are  d i s c l o s e d   in  U.  S.  P a t e n t   No. 

3 , 7 9 3 , 0 2 3   i s s u e d   F e b r u a r y   19,  1974  to  Edwin  H.  Land  and  t o  

which  r e f e r e n c e   may  be  m a d e .  

I t   w i l l   be  r e c o g n i z e d   t h a t   t h i s   i n v e n t i o n   a l s o  

may  be  p r a c t i c e d   employ ing   f i lm   u n i t s   w h e r e i n   the  i m a g e -  

r e c e i v i n g   e l e m e n t   is  a d a p t e d   to  be  s e p a r a t e d   from  t h e  

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

has  been  f o r m e d .  

N e u t r a l i z i n g   l a y e r s   such  as  the  p o l y m e r i c   a c i d  

l a y e r   are   we l l   known  in  the  a r t   and  are   d e s c r i b e d   i n  

d e t a i l ,   for   example ,   in  the  a b o v e - n o t e d   U.  S.  P a t e n t   N o s .  

3 , 4 1 5 , 6 4 4 ,   3 , 5 7 3 , 0 4 3   and  3 , 6 4 7 , 4 3 7   to  which  p a t e n t s  

r e f e r e n c e   may  be  m a d e .  

Thi.s  i n v e n t i o n   i s   a p p l i c a b l e   to  a  wide  v a r i e t y   o f  

p h o t o g r a p h i c   p r o c e s s e s   as  w i l l   be  r e a d i l y   a p p a r e n t   to  o n e  

s k i l l e d   in  the  a r t .   Dye  d e v e l o p e r s   a r e   p r e f e r r e d   i m a g e -  

p r o v i d i n g   s u b s t a n c e s ,   as  i n d i c a t e d   ebove ,   and  c o n s t i t u t e   an  

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

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

d i f f u s i b l e   dyes  u s e f u l   as  image  dyes  per  se  and  which  c o u p l e  

wi th   the  o x i d a t i o n   p r o d u c t   of  a  s i l v e r   h a l i d e   d e v e l o p i n g   a g e n t  

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



c o l o r   c o u p l e r s   which  couple   wi th   the  o x i d a t i o n   p r o d u c t   of  a 

s i l v e r   h a l i d e   d e v e l o p i n g   a g e n t   to  p r o v i d e   image  dyes ,   i n i t i a l l y  

n o n - d i f f u s i b l e   compounds  which  r e a c t   with  the  o x i d a t i o n   p r o d u c t  

of  a  s i l v e r   h a l i d e   d e v e l o p i n g   a g e n t ,   as  by  c o u p l i n g   or  by 

c r o s s - o x i d a t i o n ,   to  r e l e a s e   a  d i f f u s i b l e   dye  u s e f u l   as  an  

image  dye  per   se.  The  f i n a l   image  may  be  formed  as  a  r e s u l t  

'of   the  d i f f u s i o n   t r a n s f e r   of  a  s o l u b l e   complex  of  u n d e v e l o p e d  

s i l v e r   h a l i d e ,   in  which  e v e n t   the  image  may  be  in  s i l v e r   a s  

is  we l l   known.  In  a n o t h e r   dye  r e l e a s e   sys tem  a  s o l u b l e   s i l v e r  

complex  formed  from  u n d e v e l o p e d   s i l v e r   h a l i d e   may  be  used  t o  

e f f e c t   a  c l e a v a g e   r e a c t i o n   and  r e l e a s e   a  dye  or  dye  i n t e r m e d i a t e  

for   t r a n s f e r .   Since  t he se   i m a g e - f o r m i n g   p r o c e s s e s   are  w e l l  

known  and  form  no  p a r t   per  se  of  the  p r e s e n t   i n v e n t i o n ,   i t   i s  

not   n e c e s s a r y   to  d e s c r i b e   them  in  d e t a i l   h e r e i n .  

I t   w i l l   be  u n d e r s t o o d   t h a t   the  t r a n s f e r   image  may 

be  p o s i t i v e   or  n e g a t i v e ,   w i th   r e s p e c t   to  the  p h o t o g r a p h e d  

s u b j e c t   m a t t e r ,   as  a  f u n c t i o n   of  the   p a r t i c u l a r   i m a g e - f o r m i n g  

sys tem  employed .   The  s i l v e r   h a l i d e   emu l s ion   may  be  n e g a t i v e -  

w o r k i n g   or  p o s i t i v e - w o r k i n g   ( e . g . ,   i n t e r n a l   l a t e n t   image)  a s  

a p p r o p r i a t e   for   the  p a r t i c u l a r   imag ing   s y s t e m .  

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

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

3 , 6 4 7 , 4 3 7   are   e x p r e s s l y   i n c o r p o r a t e d   h e r e i n .  

S ince   c e r t a i n   c h a n g e s   may  be  made  in  the  a b o v e  

p r o d u c t   and  p r o c e s s   w i t h o u t   d e p a r t i n g   from  the  scope   of  t h e  

i n v e n t i o n   h e r e i n   i n v o l v e d ,   the   i n v e n t i o n   is  not  i n t e n d e d   t o  

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

o b v i o u s   to  t h o s e   s k i l l e d   in  the   a r t   and  which  are  w i t h i n   t h e  

s p i r i t   of  the   i n v e n t i o n   and  the   scope   of  the  appended   c l a i m s .  



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

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

a  s p a c e r   l a y e r ,   and  a  l a y e r   of  an  i m a g e - p r o v i d i n g   m a t e r i a l ,  

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

d i s p e r s e d   in  i n e r t   p o l y m e r i c   p a r t i c l e s   which  are  s u b s t a n t i a l l y  

'  n o n - s w e l l i n g   in  a l k a l i   a n d  s u b s t a n t i a l l y   n o n - f i l m   f o r m i n g .  

2.  A  p h o t o s e n s i t i v e   e l emen t   as  d e f i n e d   i n  

c l a im   1  where in   s a id   s u p p o r t   is  opaque  and  sa id   l a y e r   o f  

i m a g e - p r o v i d i n g   m a t e r i a l   is  n e a r e s t   to  sa id   s u p p o r t .  

3.  A  p h o t o s e n s i t i v e   e l emen t   as  d e f i n e d   i n  

c l a i m   1  where in   sa id   s u p p o r t   is  t r a n s p a r e n t   and  sa id   s i l v e r  

h a l i d e   emuls ion   l a y e r   is  n e a r e s t   to  sa id   s u p p o r t .  

4.  A  p h o t o s e n s i t i v e   e l emen t   as  d e f i n e d   i n  

c l a i m   1  where in   s a i d   i m a g e - p r o v i d i n g   m a t e r i a l   is   an  i m a g e  

dye  or  an  image  dye  i n t e r m e d i a t e .  

5.  A  p h o t o s e n s i t i v e   e l ement   as  d e f i n e d   i n  

c l a i m   4  where in   s a i d   i m a g e - p r o v i d i n g   m a t e r i a l   is  a  dye  

d e v e l o p e r .  

6.  A  p h o t o s e n s i t i v e   e l emen t   as  d e f i n e d   i n  

c l a im   4  where in   s a id   i m a g e - p r o v i d i n g   m a t e r i a l   is  c o l o r e d .  

7.  A  p h o t o s e n s i t i v e   e l emen t   as  d e f i n e d   i n  

c l a im   1  where in   sa id   l i g h t - r e f l e c t i n g   p igment   is  t i t a n i u m  

d i o x i d e .  

8.  A  p h o t o s e n s i t i v e   e l emen t   as  d e f i n e d   i n  

c l a im  1  where in   s a id   i n e r t   p o l y m e r i c   p a r t i c l e s   are  d e r i v e d  

from  a  polymer   l a t e x .  

9.  A  p h o t o s e n s i t i v e   e l emen t   as  d e f i n e d   i n  

c l a im  8  where in   sa id   po lymer   is  p o l y m e t h y l m e t h a c r y l a t e .  

10.  A  p h o t o s e n s i t i v e   e l emen t   as  d e f i n e d   i n  

c la im  8  where in   sa id   po lymer   is  p o l y s t y r e n e .  



11.  A  p h o t o s e n s i t i v e   e lement   as  d e f i n e d   i n  

c l a im   8  whe re in   s a i d   l a t e x   p a r t i c l e s   have  a  d i a m e t e r   o f  

abou t   0.1  µ m .  

12.  A  p h o t o s e n s i t i v e   e lement   as  d e f i n e d   i n  

c l a i m   1  whe re in   s a i d   s p a c e r   l a y e r   i n c l u d e s   a  m i n o r  

p r o p o r t i o n   by  w e i g h t   of  a  f i l m - f o r m i n g   p o l y m e r .  

13.  A  p h o t o s e n s i t i v e   e l ement   as  d e f i n e d   i n  

c l a i m   1  w h e r e i n   s a i d   l i g h t - r e f l e c t i n g   po lymer   in  s a i d  

s p a c e r   l a y e r   is   p r e s e n t   in  a  q u a n t i t y   by  w e i g h t   which  i s  

g r e a t e r   than  s a i d   i n e r t   polymer  p a r t i c l e s .  

14.  A  m u l t i c o l o r   p h o t o s e n s i t i v e   e l e m e n t   c o m p r i s i n g  

a  s u p p o r t   c a r r y i n g ,   in  s e q u e n c e ,   a  l a y e r   of  a  cyan  i m a g e  

d y e - p r o v i d i n g   m a t e r i a l ,   a  l a y e r   of  a  r e d - s e n s i t i v e   s i l v e r  

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

d y e - p r o v i d i n g   m a t e r i a l ,   a  l a y e r   of  a  g r e e n - s e n s i t i v e   s i l v e r  

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

d y e - p r o v i d i n g   m a t e r i a l   and  a  l a y e r   of  a  b l u e - s e n s i t i v e   s i l v e r  

h a l i d e   e m u l s i o n ,   at   l e a s t   one  of  s a id   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   and  i t s   a s s o c i a t e d   l a y e r   of  image  d y e - p r o v i d i n g  

m a t e r i a l   be ing   s e p a r a t e d   by  a  space r   l a y e r   c o m p r i s i n g   a  

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

p a r t i c l e s   which  are   s u b s t a n t i a l l y   n o n - s w e l l i n g   in  a l k a l i  

and  s u b s t a n t i a l l y   n o n - f i l m   f o r m i n g .  

15.  A  m u l t i c o l o r   p h o t o s e n s i t i v e   e l e m e n t   a s  

d e f i n e d   in  c l a i m   14  w h e r e i n   sa id   s p a c e r   l a y e r   is   p o s i t i o n e d  

be tween   s a id   l a y e r   of  cyan  image  d y e - p r o v i d i n g   m a t e r i a l  

and  s a id   r e d - s e n s i t i v 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 .  

16.  A  m u l t i c o l o r   p h o t o s e n s i t i v e   e l e m e n t   a s  

d e f i n e d   in  c l a i m   14  w h e r e i n   sa id   s p a c e r   l a y e r   is  p o s i t i o n e d  

between  sa id   l a y e r   of  magenta  image  d y e - p r o v i d i n g   m a t e r i a l  

and  sa id   g r e e n - s e n s i t i v 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 .  



17.  A  m u l t i c o l o r   p h o t o s e n s i t i v e   e l ement   a s  

d e f i n e d   in  c l a im   14  where in   s a id   s p a c e r   l a y e r   is  p o s i t i o n e d  

be tween   s a id   l a y e r   of  ye l low  image  d y e - p r o v i d i n g   m a t e r i a l  

and  s a id   b l u e - s e n s i t i v e   s i l v e r   h a l i d e   emuls ion   l a y e r .  

18.  A  m u l t i c o l o r   p h o t o s e n s i t i v e   e l ement   a s  

d e f i n e d   in  c l a i m   14  whe re in   each  s a id   image  d y e - p r o v i d i n g  

m a t e r i a l   is  a  dye  d e v e l o p e r .  

19.  A  m u l t i c o l o r   p h o t o s e n s i t i v e   e l ement   a s  

d e f i n e d   in  c l a im   14  whe re in   s a i d   l i g h t - r e f l e c t i n g   p i g m e n t  

is  t i t a n i u m   d i o x i d e .  

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

a  l a y e r   of  a  v i s c o u s   aqueous   a l k a l i n e   p r o c e s s i n g   c o m p o s i t i o n  

be tween   a  f i r s t   s h e e t - l i k e   e l e m e n t   and  a  second  s h e e t - l i k e  

e l e m e n t ;   s a id   f i r s t   s h e e t - l i k e   e l e m e n t   c o m p r i s i n g   a  s u p p o r t  

c a r r y i n g   an  exposed   s i l v e r   h a l i d e   e m u l s i o n   hav ing   an  i m a g e -  

p r o v i d i n g   m a t e r i a l   in  a  l a y e r   beh ind   s a i d   s i l v e r   h a l i d e  

e m u l s i o n ;   s a i d   second  s h e e t - l i k e   e l e m e n t   c o m p r i s i n g   a  

t r a n s p a r e n t   s u p p o r t ;   an  i m a g e - r e c e i v i n g   l a y e r   in  one  o f  

s a id   s h e e t - l i k e   e l e m e n t s ,   s a id   a p p l i c a t i o n   of  s a id   p r o c e s s i n g  

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

h a l i d e   e m u l s i o n   and  to  form  a  v i s i b l e   image  in  sa id   i m a g e -  

r e c e i v i n g   l a y e r ;   s a id   s i l v e r   h a l i d e   emul s ion   l a y e r   b e i n g  

s e p a r a t e d   from  sa id   l a y e r   of  i m a g e - p r o v i d i n g   m a t e r i a l   by  a  

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

in  i n e r t   p o l y m e r i c   p a r t i c l e s   which  are  s u b s t a n t i a l l y   n o n -  

s w e l l i n g   in  a l k a l i   and  s u b s t a n t i a l l y   n o n - f i l m   f o r m i n g .  

21.  A  p h o t o g r a p h i c   p r o c e s s   as  d e f i n e d   i n  

c l a im   20  w h e r e i n   s a id   f i r s t   s h e e t - l i k e   e l emen t   is  a  m u l t i c o l o r  

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

s e q u e n c e ,   a  l a y e r   of  a  cyan  image  d y e - p r o v i d i n g   m a t e r i a l ,  



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

i n t e r l a y e r ,   a  l a y e r   of  a  magenta  image  d y e - p r o v i d i n g  

m a t e r i a l ,   a  l a y e r   of  a  g r e e n - s e n s i t i v e   s i l v e r   h a l i d e  

e m u l s i o n ,   an  i n t e r l a y e r ,   a  l a y e r   of  a  ye l low  image  d y e -  

p r o v i d i n g   m a t e r i a l   and  a  l a y e r   of  a  b l u e - s e n s i t i v e   s i l v e r  

h a l i d e   e m u l s i o n ,   at  l e a s t   one  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   and  i t s   a s s o c i a t e d   l a y e r   of  image  d y e - p r o v i d i n g  

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

l i g h t - r e f l e c t i n g   p igmen t   d i s p e r s e d   in  i n e r t   p o l y m e r i c  

p a r t i c l e s   which  are  s u b s t a n t i a l l y   n o n - s w e l l i n g   in  a l k a l i  

and  s u b s t a n t i a l l y   n o n - f i l m   f o r m i n g .  

22.  A  p h o t o g r a p h i c   p r o c e s s   as  d e f i n e d   i n  

c l a i m   20  w h e r e i n   sa id   l i g h t - r e f l e c t i n g   p igmen t   is  t i t a n i u m  

d i o x i d e .  

23.  A  p h o t o g r a p h i c   p r o c e s s   as  d e f i n e d   in  c la im  21 

w h e r e i n   s a id   s p a c e r   l a y e r   is  p o s i t i o n e d   be tween  s a id   l a y e r  

of  r e d - s e n s i t i v e   s i l v e r   h a l i d e   and  s a i d   l a y e r   of  c y a n  

image  d y e - p r o v i d i n g   m a t e r i a l .  

24.  A  p h o t o g r a p h i c   p r o c e s s   as  d e f i n e d   in  c la im  20 

w h e r e i n   s a id   i m a g e - p r o v i d i n g   m a t e r i a l   is   a  dye  d e v e l o p e r .  

25.  A  p h o t o g r a p h i c   p r o c e s s   as  d e f i n e d   in  c la im  20 

w h e r e i n   sa id   po lymer   is  p o l y m e t h y l m e t h a c r y l a t e .  

26.  A  p h o t o g r a p h i c   p r o c e s s   as  d e f i n e d   in  c la im  20 

w h e r e i n   s a id   f i r s t   s h e e t - l i k e   e l e m e n t   i n c l u d e s   a  b l u e - s e n s i t i v e  

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

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

s i l v e r   h a l i d e   e m u l s i o n s   hav ing   a s s o c i a t e d   t h e r e w i t h ,  

r e s p e c t i v e l y ,   a  y e l l o w   dye  d e v e l o p e r ,   a  magenta   dye  d e v e l o p e r  

and  a  cyan  dye  d e v e l o p e r .  

27.  A  p h o t o g r a p h i c   p r o c e s s   as  d e f i n e d   in  c la im  20 

whe re in   sa id   i m a g e - r e c e i v i n g   l a y e r   is  p o s i t i o n e d   in  s a i d  

second  s h e e t - l i k e   e l e m e n t .  



28.  A  d i f f u s i o n   t r a n s f e r   p r o c e s s   f i lm  u n i t  

i n c l u d i n g  a   f i r s t   s h e e t - l i k e   e l ement   and  a  second  s h e e t - l i k e  

e l e m e n t ,   sa id   f i r s t  s h e e t - l i k e   e l ement   c o m p r i s i n g   a  s u p p o r t  

c a r r y i n g   a  s i l v e r   h a l i d e   emuls ion   l a y e r ;   sa id   s e c o n d  

s h e e t - l i k e   e l e m e n t   c o m p r i s i n g   at  l e a s t   a  s u p p o r t ;   an  i m a g e -  

r e c e i v i n g   l a y e r   c a r r i e d   on  one  of  sa id   s h e e t - l i k e   e l e m e n t s ;  

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

c o n t a i n e d   in  a  r u p t u r a b l e   c o n t a i n e r   p o s i t i o n e d   to  r e l e a s e  

s a id   c o m p o s i t i o n   for   d i s t r i b u t i o n   between  said  f i r s t   and  

second  s h e e t - l i k e   e l e m e n t s   with  sa id   s u p p o r t s   o u t e r m o s t ;  

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

be tween   sa id   s i l v e r   h a l i d e   emul s ion   l a y e r   and  a  l a y e r   of  a n  

i m a g e - p r o v i d i n g   m a t e r i a l   a s s o c i a t e d   wi th   s a id   s i l v e r   h a l i d e ,  

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

d i s p e r s e d   in  i n e r t   p o l y m e r i c   p a r t i c l e s   which  are  s u b s t a n t i a l l y  

n o n - s w e l l i n g   in  a l k a l i   and  s u b s t a n t i a l l y   n o n - f i l m   f o r m i n g .  

29.  A  f i l m   u n i t   as  d e f i n e d   in  c l a im  28  w h e r e i n  

s a i d   second  s h e e t - l i k e   e l e m e n t   is  t r a n s p a r e n t .  

30.  A  f i l m   u n i t   as  d e f i n e d   in  c l a im   29  w h e r e i n  

s a i d   i m a g e - r e c e i v i n g   l a y e r   is  p o s i t i o n e d   in  sa id   s e c o n d  

s h e e t - l i k e   e l e m e n t .  

31.  A  f i l m   u n i t   as  d e f i n e d   in  c l a i m   28  w h e r e i n  

s a i d   i m a g e - r e c e i v i n g   l a y e r   is  p o s i t i o n e d   in  s a id   f i r s t  

s h e e t - l i k e   e l e m e n t .  

32.  A  f i l m   u n i t   as  d e f i n e d   in  c l a im  28  w h e r e i n  

s a i d   l i g h t - r e f l e c t i n g   p igment   is  t i t a n i u m   d i o x i d e .  

33.  A  f i l m   u n i t   as  d e f i n e d   in  c l a im   28  w h e r e i n  

s a i d   f i r s t   s h e e t - l i k e   e l emen t   i n c l u d e s   a  b l u e - s e n s i t i v e  

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

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



s i l v e r   h a l i d e   e m u l s i o n s   hav ing   a s s o c i a t e d   t h e r e w i t h ,  

r e s p e c t i v e l y ,   a  ye l l ow   dye  d e v e l o p e r ,   a  magenta  dye  d e v e l o p e r  

and  a  cyan  dye  d e v e l o p e r .  

34.  A  f i lm  u n i t   as  d e f i n e d   in  c l a im  33  w h e r e i n  

s a id   s p a c e r   l a y e r   is  p o s i t i o n e d   between  sa id   r e d - s e n s i t i v e  

s i l v e r   h a l i d e   e m u l s i o n   and  sa id   cyan  dye  d e v e l o p e r .  

35.  A  f i lm  u n i t   as  d e f i n e d   in  c l a im  33  w h e r e i n  

sa id   s p a c e r   l a y e r   is  p o s i t i o n e d   between  s a id   b l u e - s e n s i t i v e  

s i l v e r   ha l ide :   and  s a i d   y e l l o w   dye  d e v e l o p e r .  

36.  A  f i l m   u n i t   as  d e f i n e d   in  c l a im  28  w h e r e i n  

s a id   i m a g e - p r o v i d i n g   m a t e r i a l   is  an  i n i t i a l l y   d i f f u s i b l e  

image  dye  or  image  dye  i n t e r m e d i a t e .  

37.  A  f i lm  u n i t   as  d e f i n e d   in  c l a im  28  w h e r e i n  

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

image  dye  or  image  dye  i n t e r m e d i a t e .  

38.  A  f i l m   u n i t   as  d e f i n e d   in  c l a im  32  w h e r e i n  

s a id   po lymer   is  p o l y m e t h y l m e t h a c r y l a t e .  
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