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(54)  Multilayer  silver  halide  reversal  color  photographic  material. 

  A  multilayer  silver  halide  reversal  color  photographic 
material  is  disclosed.  The  material  has  on  a  support  three  or 
more  silver  halide  emulsion  layers  having  the  same  color 
sensitivity  but  different  photographic  sensitivities.  The  high- 
est  sensitivity  emulsion  layer  and  the  second  highest 
sensitivity  emulsion  layer  among  the  above-described  silver 
halide  emulsion  layers  have  silver  halide  emulsions  of  an 
iodide  content  of  4.5  mole  %  or  less  and  such  a  grain  size 
distribution  that  85%  or  more,  by  number  or  by  weight,  of 
whole  silver  halide  grains  in  the  emulsion  have  sizes  which 
are  within  ±  40%  of  its  mean  grain  size.  The  material 
provides  good  granularity  of  the  resulting  dye  image. 



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

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

The  p r e s e n t   i n v e n t i o n   a c h i e v e s   a n  

i m p r o v e m e n t   in   g r a n u l a r i t y   of  dye  image   g r a i n s   w h i c h   a r e  

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

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

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

w h i t e   d e v e l o p i n g   a g e n t   of  p y r a z o l i d o n e   t y p e   and  s u b s e q u e n t  

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

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

p a r a p h e n y l e n e d i a m i n e   t y p e .  

A  c o u p l e r   i n c o r p o r a t e d   c o l o r   p h o t o g r a p h i c   l i g h t -  

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

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

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

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

b l u e - s e n s i t i v e   e m u l s i o n   l a y e r .  

In  g e n e r a l ,   most   c o l o r   p h o t o g r a p h i c   l i g h t - s e n s i t i v e  

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



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

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

a d v a n c e   and  has  p r o v i d e d   t h e r e o n . a   r e d - s e n s i t i v e   l a y e r ,   a  

g r e e n - s e n s i t i v e   l a y e r   and  a  b l u e - s e n s i t i v e   l a y e r   in  t h a t   o r d e r .  

F u r t h e r   a  y e l l o w   f i l t e r   l a y e r   i s   p u t   in   b e t w e e n   t he   g r e e n -  

s e n s i t i v e   l a y e r   and  t h e   b l u e - s e n s i t i v e   l a y e r   and  f u r t h e r ,   a  

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

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

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

e . g . ,   t he   c o m b i n a t i o n   of  a  h i g h   s e n s i t i v i t y   e m u l s i o n   c o n t a i n -  

i ng   r e l a t i v e l y   c o a r s e   g r a i n s   and  a  low  s e n s i t i v i t y   e m u l s i o n  

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

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

H i t h e r t o ,   i t   has   b e e n   t h e   common  u n d e r s t a n d i n g  

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

i n f l u e n c e d   by  a  g r a i n   s i z e   of  s i l v e r   h a l i d e   u s e d   and  f u r t h e r ,  

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

H o w e v e r ,   t he   g r a i n   s i z e   of  s i l v e r   h a l i d e   and  i t s   s e n s i t i v i t y  

b e a r   a  n e a r l y   p r o p o r t i o n a l   r e l a t i o n s h i p   to  e a c h   o t h e r .  

T h e r e f o r e ,  a n   a t t e m p t   a t   m a i n t a i n i n g   s e n s i t i v i t y   and  i m p r o v -  

ing   t h e   g r a n u l a r i t y   of   t he   r e s u l t i n g   dye  image   by  d e c r e a s i n g  

the   g r a i n   s i z e   has   an  i n h e r e n t   l i m i t a t i o n .  

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

a l s o   a  means   of  e f f e c t i n g   the   g r a n u l a r i t y   of  a  dye  i m a g e .  

H o w e v e r ,   i t   is   f r e q u e n t l y   d i f f i c u l t   to  b a l a n c e   i m p r o v e m e n t  



in  t h e   g r a n u l a r i t y   w i t h   a t t a i n m e n t   of   d e s i r e d   hue  and  o t h e r  

p r o p e r t i e s .  

M o r e o v e r ,   German  P a t e n t   1 , 1 2 1 , 4 7 0   and  B r i t i s h  

P a t e n t   9 2 3 , 0 4 5   d i s c l o s e   a n o t h e r   m e t h o d   of   i m p r o v i n g   g r a n u l a r i t y  

of  a  dye   image   i n  w h i c h  -  a s   d e s c r i b e d   in   t h e i r   r e s p e c t i v e  

e x a m p l e s  -  a n   emulsion  w h i c h   has  b e e n   c o n v e n t i o n a l l y   c o a t e d   i n  

a  s i n g l e   l a y e r   is   s e p a r a t e d   i n t o   two  l a y e r s ,   a  h i g h   s e n s i t i v i t y  

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

have   t h e i r   s e n s i t i v i t i e s   in  t he   same  v i s i b l e   r e g i o n  a n d   w h i c h  

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

c o l o r s   of  s u b s t a n t i a l l y   t he   same  h u e ,   and  which,  are  coated  ir.  a  doub le  

l a y e r .   Such  a  m e t h o d   makes  i t   p o s s i b l e   to  i n c r e a s e   t h e  

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

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

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

p o r t i o n   to  t h i s   g a i n   in  the   s e n s i t i v i t y   the   g r a i n   s i z e   o f  

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

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

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

in  a  n e g a t i v e - t y p e   f i l m   w h i c h   c o n t a i n s   a  s m a l l   amoun t   o f  

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

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

f o r   r e v e r s a l   t y p e   f i l m   to  c o n t a i n   a  l a r g e   amoun t   of  c o u p l e r  

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

the   g r a d a t i o n   h a r d   in  a  h i g h   d e n s i t y   r a n g e .   T h e r e f o r e ,  



the   i n f l u e n c e   of   t he   h i g h   s e n s i t i v i t y   e m u l s i o n   t e n d s   t o  

a p p e a r   in  t he   d e n s i t y   r a n g e   w h i c h   has   t h e   g r e a t e s t   i n f l u e n c e  

on  t he   image  q u a l i t y ,   and  in  s u c h   a  d e n s i t y   r a n g e   t h a t   a n y  

i m p r o v e m e n t   in   g r a n u l a r i t y   is  n o t   o b s e r v e d .   In  o r d e r   t o  

r emedy   such   a  c o n d i t i o n   w i t h   r e v e r s a l   t y p e   f i l m s ,   t h e r e   h a s  

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

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

of  a  h i g h   s e n s i t i v i t y   e m u l s i o n   l a y e r   and  t h e r e b y ,   t h e   c o n -  

t r i b u t i o n   of  t h e   h i g h   s e n s i t i v i t y   e m u l s i o n   to  t he   d e n s i t y  

in  t h e   e x p o s u r e   r a n g e   w h i c h   t he   low  s e n s i t i v i t y   e m u l s i o n   i s  

to  c o v e r   i s   l e s s e n e d .   H o w e v e r ,   an  e m u l s i o n   c o n t a i n s   g r a i n s  

among  w h i c h   t h e r e   e x i s t s   a  d i s t r i b u t i o n   of   s i z e s ,   a n d  

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

in  a  s p e c i f i c   p r o p o r t i o n   is   u n a v o i d a b l e .   A c c o r d i n g l y ,   t h e  

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

m e t h o d   is   f a r   f rom  b e i n g   s u f f i c i e n t .  

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

b e c o m e s   n e c e s s a r y   to  n a r r o w   t h e   w i d t h   of  t h e   g r a i n   s i z e  

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

l a y e r .   Such  a  means   i s   e x c e e d i n g l y   e f f e c t i v e   in  i m p r o v i n g  

the   g r a n u l a r i t y .   H o w e v e r ,   i t   c a n n o t   be  a p p l i e d   to  t h e  

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

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

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

n a r r o w e d   d i s t r i b u t i o n   of  g r a i n   s i z e s   comes  to  h a v e   a  v e r y  



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

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

two  l a y e r s   (a  h i g h   s e n s i t i v i t y   e m u l s i o n   l a y e r   and  a  l o w  

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

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

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

I f   one  i n t e n d s   to  a c h i e v e   an  i m p r o v e m e n t   o f   t h e  

g r a n u l a r i t y   by  n a r r o w i n g   a  d i s t r i b u t i o n   of  g r a i n   s i z e s   of  a n  

e m u l s i o n ,   one  mus t   s e p a r a t e   t he   e m u l s i o n   i n t o   a t - l e a s t   t h r e e  

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

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

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

An  o b j e c t   of  t h i s   i n v e n t i o n   is   to  i m p r o v e   t h e  

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

m a t e r i a l .  

The  a b o v e - d e s c r i b e d   o b j e c t   is   a t t a i n e d   by  a , m u l t i -  

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

h a v i n g   on  a  s u p p o r t   a t   l e a s t   t h r e e   or   more  of  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   have   t he   same  c o l o r   s e n s i t i v i t y   b u t  

d i f f e r e n t   p h o t o g r a p h i c   s e n s i t i v i t i e s   from  one  a n o t h e r ,  

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

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

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

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



t h e i r   r e s p e c t i v e   h a l i d e s   a re   4 .5   mole   %  or   l e s s   and  t h a t  

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

t h a t   85%  or   m o r e ,   by  number   or  by  w e i g h t ,   of   t he  who le   s i l v e r  

h a l i d e   g r a i n s   in   t he   e m u l s i o n   h a v e   s i z e s   w h i c h   a r e   w i t h i n  

±40%  of  i t s   mean  g r a i n   s i z e .  

A  g r a i n   s i z e   and  a  g r a i n   s i z e   d i s t r i b u t i o n   can  b e  

d e t e r m i n e d   a c c o r d i n g   to  m e t h o d s   d e s c r i b e d   in   T.H.  J a m e s ,  

The  T h e o r y   o f   P h o t o g r a p h i c   P r o c e s s ,   t h e   4 th   E d . , . p p .   1 0 0  -  

102  ( 1 9 7 7 ) .  

R e d u c i n g   i o d i d e   c o n t e n t s   in  t h e   h i g h e s t   s e n s i t i v i t y  

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

l a y e r   to  4 . 5   m o l e   %  or   l e s s   r e s u l t s   in   a c c e l e r a t i n g   t h e  

p r o g r e s s   of   d e v e l o p m e n t   and  c o n s e q u e n t l y ,   s u c h   l a y e r s   b e c o m e  

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

e m u l s i o n s   h a v i n g   l o w e r   s e n s i t i v i t i e s   can   be  d i m i n i s h e d .  

T h i s   i n v e n t i o n   makes  i t   p o s s i b l e   to  i m p r o v e  t h e  

g r a n u l a r i t y   w i t h o u t   m a k i n g   t he   g r a d a t i o n   c o n t r a s t y .  

N a m e l y ,   i n   t h e   d e n s i t y   r a n g e   n e a r   1 .0   b a s e d   on  t h e   r e v e r s a l  

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

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

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

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

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

g r a n u l a r i t y .  



I t   is  d e s i r a b l e   in  t h i s   i n v e n t i o n   to  a d j u s t   a  

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

l a y e r   to  the   r a n g e   of  0 .2   to  2.0.,  p r e f e r a b l y   0 .3   to  1 . 5 ,  

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

e m u l s i o n   l a y e r   to  t he   r a n g e   of  0 .2   to  2 . 0 ,   p r e f e r a b l y   0 . 3  

to  1 . 5 .  

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

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

e m u l s i o n   l a y e r   is   w i t h i n   the   r a n g e   of  0 .5   m o l e %   to  '3.0  mole  %. 

A  p a r t i c u l a r l y   p r e f e r a b l e   e m u l s i o n   is  one  w h i c h  

has   s u c h   a  g r a i n   s i z e   d i s t r i b u t i o n   t h a t   90%  or  m o r e ,   b y  

n u m b e r   or   by  w e i g h t ,   of  the  whole  s i l v e r   h a l i d e   g r a in s   in  t h e  

e m u l s i o n   have   s i z e s   w h i c h   a re   w i t h i n   ±40%  of  i t s   mean  g r a i n  

s i z e .  

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

in  any  of   the   s e n s i t i v e   e m u l s i o n   l a y e r s ,   s u c h . a s   a  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 ,   a  g r e e n - s e n s i t i v e   e m u l s i o n   l a y e r  

and  a  b l u e - s e n s i t i v e   e m u l s i o n   l a y e r .   In  p a r t i c u l a r ,   i t   h a s  

a  g r e a t   e f f e c t   in  a  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   and  a  

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

. g r a n u l a r i t y   is   more  l i a b l e   to  be  p e r c e i v e d .  

In  a d d i t i o n ,   i t   is   more  p r e f e r a b l e   in  t h i s  

i n v e n t i o n   t h a t   an  e m u l s i o n   l a y e r   h a v i n g   one  k i n d   of   c o l o r  

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

in  p h o t o g r a p h i c   s e n s i t i v i t y ,   and  the  c o n s t i t u e n t   l a y e r s  



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

s e n s i t i v i t y .  

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

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

h i g h e s t   s e n s i t i v i t y   e m u l s i o n   l a y e r   r a n g e s   f rom  0 .2   to  1 . 0 ,  

p r e f e r a b l y   f rom  0 .3   to  0 . 8 ,   e x p r e s s e d   in  t e r m s   of  l o g a r i t h m .  

On  t h e   o t h e r   h a n d ,   t h e   p r e f e r a b l e   d i f f e r e n c e   in  p h o t o g r a p h i c  

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

l a y e r   and  a n o t h e r   e m u l s i o n   l a y e r   w h o s e   s e n s i t i v i t y   r a n k s  

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

b e t w e e n   t h e   low  s e n s i t i v i t y   e m u l s i o n   l a y e r s   a r e   f rom  0 . 3  

to  1 . 5 ,   e x p r e s s e d   in  t e r m s   of  l o g a r i t h m .  

M o r e o v e r ,   i t   is   d e s i r a b l e   in   t h i s   i n v e n t i o n   f r o m  

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

r a t i o   of   s i l v e r   to  c o u p l e r   in  t h e   h i g h e s t   s e n s i t i v i t y  

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

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

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

e m u l s i o n   l a y e r  t o   a  l o w e r   v a l u e   t h a n   t h a t   in  t h e   l o w e r  

s e n s i t i v i t y   e m u l s i o n   l a y e r .  

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

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

c h l o r o b r o r  d e   can  be  i n c o r p o r a t e d .  

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

no  p a r t i l a r   r e g a r d   need  be  p a i d   to   t h e   mean  g r a i n   s i z e   o f  



s i l v e r   h a l i d e   g r a i n s   to  be  c o n t a i n e d   t h e r e i n   ( t h e   m e a n  

g r a i n   s i z e   b e i n g   d e t e r m i n e d   by  a v e r a g i n g   g r a i n   s i z e s  

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

in   c a s e   of  s p h e r i c a l   or  n e a r l y   s p h e r i c a l   g r a i n s   and  a n  

edge   l e n g t h   in  c a s e   of  c u b i c   g r a i n s   a re   t a k e n   as  t h e  

g r a i n   s i z e s ) .   H o w e v e r ,   a  s i l v e r   h a l i d e   e m u l s i o n   h a v i n g  

a  mean  g r a i n   s i z e   of  3 µm or  l e s s   i s   p r e f e r r e d .  

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

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

f o r m ,   s u c h   as  t h a t   of   a  cube  or   an  o c t a h e d r o n ;   an  i r r e g u l a r  

c r y s t a l   f o r m ,   such   as  t h a t   of   a  s p h e r e ,   a  p l a t e   or   so  o n ;  

or   a  c o m p o s i t e   form  t h e r e o f .   A  m i x t u r e   of   v a r i o u s   c r y s t a l  

fo rms   of  s i l v e r  h a l i d e   g r a i n s   may  be  a l s o   p r e s e n t .  

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

g r a i n s   may  d i f f e r ,   or  the   s i l v e r   h a l i d e   g r a i n s   may  b e  

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

of   t he   k i n d   w h i c h   form  l a t e n t   i m a g e   p r e d o m i n a n t l y   a t   t h e  

s u r f a c e   of  t h e   g r a i n s ,   or  g r a i n s   of   t he   k i n d   w h i c h   m a i n l y  

form  l a t e n t   image   i n s i d e   t he   g r a i n s   can  be  u s e d .  

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

i n v e n t i o n   can  be  p r e p a r e d   u s i n g   v a r i o u s   m e t h o d s   as  d e s -  

c r i b e d   i n ,   f o r   e x a m p l e ,   P.  G l a f k i d e s ,   C h i m i e   e t   P h y s i q u e  

P h o t o g r a p h i q u e ,   P a u l   M o n t e l ,   P a r i s   ( 1 9 6 7 ) ,   G.F .   D u f f i n ,  

P h o t o g r a p h i c   E m u l s i o n   C h e m i s t r y ,   The  F o c a l   P r e s s ,   L o n d o n  

( 1 9 6 6 ) ,   and  V.L.  Z e l i k m a n   e t   a l ,  M a k i n g   and  C o a t i n g  



P h o t o g r a p h i c   E m u l s i o n ,   The  F o c a l   P r e s s ,   London   ( 1 9 6 4 ) .  

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

p r o c e s s ,   t h e   ammonia   p r o c e s s   and  so  on.  S u i t a b l e   m e t h o d s  

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

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

m e t h o d ,   a  c o m b i n a t i o n   t h e r e o f   and  so  o n .  

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

a re   p r o d u c e d   in  t he   p r e s e n c e   of   e x c e s s   s i l v e r   i o n s ( t h e   s o -  

c a l l e d   r e v e r s e  m i x i n g   m e t h o d )   can  be  e m p l o y e d   i n . t h i s  

i n v e n t i o n .   On  the   o t h e r   h a n d ,   t h e   s o - c a l l e d   c o n t r o l l e d  

d o u b l e   j e t   m e t h o d ,   in  w h i c h   t h e   pAg  of  t he   l i q u i d   p h a s e  

in  wh ich   s i l v e r   h a l i d e   g r a i n s   a r e   to  be  p r e c i p i t a t e d   i s  

m a i n t a i n e d   c o n s t a n t ,   may  a l s o   be  e m p l o y e d   t h e r e i n .  

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

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

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

h a l i d e   e m u l s i o n   can  be  o b t a i n e d .   I 

A  m i x t u r e   of  two  or   more  s i l v e r   h a l i d e   e m u l s i o n s  

p r e p a r e d   s e p a r a t e l y   may  be  e m p l o y e d .  

In  a  p r o c e s s   of  p r o d u c i n g   s i l v e r   h a l i d e   g r a i n s  

or  a l l o w i n g   t he   p r o d u c e d   s i l v e r   h a l i d e   g r a i n s   to  r i p e n  

p h y s i c a l l y ,   cadmium  s a l t s ,   z i n c   s a l t s ,   l e a d   s a l t s ,   t h a l l i u m  

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

i r o n   s a l t s   o r   c o m p l e x e s   a n d / o r   t he   l i k e   may  be  p r e s e n t .  

Remova l   o f   t he   s o l u b l e   s a l t s   f rom  the   s i l v e r  



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

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

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

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

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

in  t h e   e m u l s i o n )   t a k i n g   a d v a n t a g e   of  a  s e d i m e n t i n g   a g e n t  

such   as  a  p o l y v a l e n t   a n i o n - c o n t a i n i n g   i n o r g a n i c   s a l t   ( e . g . ,  

s o d i u m   s u l f a t e ) ,   an  a n i o n i c   s u r f a c e   a c t i v e   a g e n t   or  a n  

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

g e l a t i n   d e r i v a t i v e   ( e . g . ,   an  a l i p h a t i c   a c y l a t e d   g e l a t i n ,  

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

g e l a t i n   or   t h e   l i k e ) .   The  r e m o v a l   o f . s o l u b l e   s a l t s   f r o m  

the   s i l v e r   h a l i d e   e m u l s i o n   may  be  o m i t t e d .  

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

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

e m u l s i o n ) ,   t h a t   is  to  s ay ,   a  c h e m i c a l l y   u n s e n s i t i z e d  

e m u l s i o n .   H o w e v e r ,   i t   is  u s u a l   f o r   t he   e m u l s i o n   of   t h i s  

i n v e n t i o n   to   be  c h e m i c a l l y   s e n s i t i z e d .   C h e m i c a l   s e n s i t i z a t i o n  

can  be  c a r r i e d   ou t   u s i n g   p r o c e s s e s   d e s c r i b e d   in  P.  G l a f k i d e s ,  

s u p r a ,  V . L .   Z e l i k m a n   e t   a l ,   s u p r a ,   or   H  F r i e s e r ,   D i e  

G r u n d l a g e n   d e r   P h o t o g r a p h i s c h e n   P r o z e s s e   mi t   S i l b e r h a l o g e n i d e n ,  

A k a d e m i s c h e   V e r l a g s g e s e l l s c h a f t   ( 1 9 6 8 ) .  

More  s p e c i f i c a l l y ,   s u l f u r   s e n s i t i z a t i o n   u s i n g  

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

o r  a c t i v e   g e l a t i n ,   r e d u c t i o n   s e n s i t i z a t i o n   u s i n g   r e d u c i n g  



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

c o m p o u n d s   and  so  on  can   be  e m p l o y e d   i n d i v i d u a l l y   or   a s  

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

s e n s i t i z e r s   w h i c h   can   be  u s e d   i n c l u d e   t h i o s u l f a t e s ,  

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

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

t i z e r s   a r e   d i s c l o s e d   in   U.S.   P a t e n t s   1 , 5 7 4 , 9 4 4 ;   2 , 4 1 0 , 6 8 9 ;  

2 , 2 7 8 , 9 4 7 ;   2 , 7 2 8 , 6 6 8 ;   3 , 6 5 6 , 9 5 5 ;   4 , 0 3 2 , 9 2 8   and  4 , 0 6 7 , 7 4 0 .  

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

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

a c i d ,   s i l a n e   c o m p o u n d s   and  t he   l i k e ,   and  s p e c i f i c   e x a m p l e s  

of   t h e s e   s e n s i t i z e r s   a r e   d e s c r i b e d   in   U.S .   P a t e n t s   2 , 4 8 7 , 8 5 0 ;  

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

3 , 9 3 0 , 8 6 7   and  4 , 0 5 4 , 4 5 8 .   Complex   s a l t s   of   t h e   m e t a l s   o f  

Group   V I I I   of   t he   P e r i o d i c   T a b l e   ( s u c h   as  t h o s e   of   p l a t i n u m ,  

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

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

n o b l e   m e t a l .   S p e c i f i c   e x a m p l e s   of  t h e s e   m e t a l   c o m p l e x e s  

a r e   d i s c l o s e d   in  U.S .   P a t e n t s   2 , 3 9 9 , 0 8 3   and  2 , 4 4 8 , 0 6 0 ;  

B r i t i s h   P a t e n t   6 1 8 , 0 6 1 ;   and  so  o n .  

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

i n v e n t i o n   c a n  c o n t a i n   a  w ide   v a r i e t y   of   c o m p o u n d s   f o r  

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

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

s e n s i t i v e   m a t e r i a l .   N a m e l y ,   a z o l e s   s u c h   as  b e n z o t h i a z o l i u m  



. s a l t s ,   n i t r o i n d a z o l e s ,   t r i a z o l e s ,   b e n z o t r i a z o l e s ,   b e n z i m i d a z o l e s  

( e s p e c i a l l y   n i t r o -   or   h a l o g e n - s u b s t i t u t e d   ones)   e t c . ;  

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

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

t h i a d i a z o l e s ,   m e r c a p t o t e t r a z o l e s   ( e s p e c i a l l y   l - p h e n y l - 5 -  

m e r c a p t o t e t r a z o l e ) ,   m e r c a p t o p y r i m i d i n e s ,   e t c . ;   the   a b o v e -  

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

s o l u b l e   g r o u p s   s u c h   as  c a r b o x y l   g r o u p ,   s u l f o n y l   g r o u p   o r  

t h e   l i k e ;   t h i o k e t o   c o m p o u n d s   s u c h   as  o x a z o l i n e t h i o n e s ;   a z a i n d e n e s  

s u c h   as  t e t r a a z a i n d e n e s   ( e s p e c i a l l y   4 - h y d r o x y - s u b s t i t u t e d  

( 1 , 3 , 3 a , 7 ) t e t r a a z a i n d e n e s ) ;   b e n z e n e t h i o s u l f o n i c   a c i d s ;  

b e n z e n e s u l f i n i c   a c i d s ; . a n d   o t h e r   many  compounds   known  a s  

an  a n t i f o g g a n t   or  a  s t a b i l i z e r   can   be  a d d e d   f o r   t h e   a b o v e -  

d e s c r i b e d   p u r p o s e s .  

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

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

in  a c c o r d a n c e   w i t h   an  e m b o d i m e n t   of   t h i s   i n v e n t i o n   c a n  

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

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

d i m e n s i o n a l   s t a b i l i t y   and  so  on .   S u i t a b l e   e x a m p l e s   of  s u c h  

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

a l k y l ( m e t h a ) a c r y l a t e ,   a l k o x y a l k y l ( m e t h a ) a c r y l a t e ,   g l y c i d y l -  

( m e t h a ) a c r y l a t e ,   ( m e t h a ) a c r y l a m i d e ,   v i n y l   e s t e r   ( e . g . ,   v i n y l  

a c e t a t e ,   e t c . ) ,   a c r y l o n i t r i l e ,   o l e f i n s ,   s t y r e n e   and  s o  o n  

i n d i v i d u a l l y   or  in  c o m b i n a t i o n   of  two  or   more  t h e r e o f ,   o r  



-in  c o m b i n a t i o n   w i t h   one  or  two  o f  t h e   a b o v e - d e s c r i b e d  

monomers   w i t h   a c r y l i c   a c i d ,   m e t h a c r y l i c   a c i d ,   a , S - u n s a t u r a t e d  

d i c a r b o x y l i c   a c i d ,   h y d r o x y a l k y l ( m e t h a ) a c r y l a t e ,   s u l f o a l k y l -  

( m e t h a ) a c r y l a t e ,   s t y r e n e s u l f o n i c   a c i d   or  so  on.  S p e c i f i c  

e x a m p l e s   t h e r e o f   a r e   d e s c r i b e d   in  U.S .   P a t e n t s   2 , 3 7 6 , 0 0 5 ;  

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

3 , 5 2 5 , 6 2 0 ;   3 , 6 0 7 , 2 9 0 ;   3 , 6 3 5 , 7 1 5   and  3 , 6 4 5 , 7 4 0   and  B r i t i s h  

P a t e n t s   1 , 1 8 6 , 6 9 9   and  1 , 3 0 7 , 3 7 3 .  

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

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

p r e p a r e d   in   a c c o r d a n c e   w i t h   an  e m b o d i m e n t  o f   t h i s   i n v e n t i o n  

can  c o n t a i n   i n o r g a n i c   or  o r g a n i c   h a r d e n e r s .   For   e x a m p l e ,  

c h r o m i u m   s a l t s   ( e . g . ,   ch rome  a lum,   c h r o m i u m   a c e t a t e ,   e t c . ) ,  

a l d e h y d e s   ( e . g . ,   f o r m a l d e h y d e ,   g l y o x a l ,   g l u t a r a l d e h y d e ,   e t c . ) ,  

N - m e t h y l o l   c o m p o u n d s   ( e . g . ,   d i m e t h y l o l   u r e a ,   m e t h y l o l  

d i m e t h y l h y d a n t o i n ,   e t c . ) ,   d i o x a n e   d e r i v a t i v e s   ( e . g . ,   2 , 3 -  

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

( e . g . ,   1 , 3 , 5 - t r i a c r y l o y l - h e x a h y d r o x y - s - t r i a z i n e ,   1 , 3 -  

v i n y l s u l f o n y l - 2 - p r o p a n o l ,   e t c . ) ,   a c t i v e   h a l o g e n - c o n t a i n i n g  

c o m p o u n d s   ( e . g . ,   2 , 4 - d i c h l o r o - 6 - h y d r o x y - s - t r i a z i n e ,   e t c . ) ,  

m u c o h a l o g e n i c   a c i d s   ( e . g . ,   m u c o c h l o r i c   a c i d ,   m u c o p h e n o x y -  

c h l o r i c   a c i d ,   e t c . )   and  so  on  can   b e  u s e d   i n d i v i d u a l l y   o r  

in  a  c o m b i n a t i o n   of  two  or  more  t h e r e o f .  

S p e c i f i c   e x a m p l e s   of  t h e   a b o v e - d e s c r i b e d   h a r d e n e r s  

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



- d e s c r i b e d   in  U.S.  P a t e n t s   1 , 8 7 0 , 3 5 4 ;   2 , 0 8 0 , 0 1 9 ;   2 , 7 2 6 , 1 6 2 ;  

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

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

B r i t i s h   P a t e n t s   6 7 6 , 6 2 8 ;   8 2 5 , 5 4 4   and  1 , 2 7 0 , 5 7 8 ,   G e r m a n  

P a t e n t s   8 7 2 , 1 5 3   and  1 , 0 9 0 , 4 2 7 ,   p u b l i s h e d   e x a m i n e d - J a p a n e s e  

P a t e n t   A p p l i c a t i o n s   7 1 3 3 / ' 5 9   and  1 8 7 2 / ' 7 1 ,   R e s e a r c h   D i s c l o s u r e ,  

v o l .   176,   p.  26  (Feb.   1978)   and  so  o n .  

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

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

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

d e r i v a t i v e s ,   g a l l i c   a c i d   d e r i v a t i v e s ,   a s c o r b i c   a c i d  

d e r i v a t i v e s   and  the   l i k e .  

S p e c i f i c   e x a m p l e s   of  s u c h   c o l o r   f o g - p r e v e n t i n g  

a g e n t s   a r e   d e s c r i b e d   in  U.S .   P a t e n t s   2 , 3 6 0 , 2 9 0 ;  2 , 3 3 6 , 3 2 7 ;  

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

2 , 7 2 8 , 6 5 9 ;   2 , 7 3 2 , 3 0 0   and  2 , 7 3 5 , 3 6 5 ,   p u b l i s h e d   u n e x a m i n e d  

J a p a n e s e   P a t e n t   A p p l i c a t i o n s   9 2 9 8 8 / ' 7 5 ,   9 2 9 8 9 / ' 7 5 ,   9 3 9 2 8 / ' 7 5 ,  

1 1 0 , 3 3 7 / ' 7 5   a n d  1 4 6 2 3 5 / ' 7 7 ,   p u b l i s h e d   e x a m i n e d   J a p a n e s e  

P a t e n t   A p p l i c a t i o n   2 3 8 1 3 / ' 7 5 ,   and  so  o n .  

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

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

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

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

g r o u p s ,  4 - t h i a z o l i d o n e   c o m p o u n d s ,   b e n z o p h e n o n e   c o m p o u n d s ,  

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



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

r a y s   can   be  e m p l o y e d   as  such   an  a g e n t .   T h e s e   u l t r a v i o l e t  

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

l a y e r   to   w h i c h   t h e y   a r e   a d d e d .  

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

a g e n t s   a r e   d e s c r i b e d   in   U.S.   P a t e n t s   3 , 5 3 3 , 7 9 4 ;   3 , 3 1 4 , 7 9 4  

and  3 , 3 5 2 , 6 8 1 ,   p u b l i s h e d   u n e x a m i n e d   J a p a n e s e   P a t e n t   A p p l i c a t i o  

2 7 8 4 / ' 7 1 ,   U.S.   P a t e n t s   3 , 7 0 5 , 8 0 5 ;   3 , 7 0 7 , 3 7 5 ;   4 , 0 4 5 , 2 2 9 ;  

3 , 7 0 0 , 4 5 5   and  3 , 4 9 9 , 7 6 2 ,   Wes t   German  P u b l i s h e d   A p p l i c a t i o n  

(OLS)  1 , 5 4 7 , 8 6 3 ;   and  so  o n .  

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

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

i n v e n t i o n   may  c o n t a i n   w a t e r   s o l u b l e   d y e s   as  a  f i l t e r   d y e ,  

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

so  on.   U s e f u l   e x a m p l e s   of  s u c h   d y e s   i n c l u d e   o x o n o l   d y e s ,  

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

d y e s   and   azo  d y e s .   Among  t h o s e   d y e s ,   o x o n o l   d y e s ,   h e m i o x o n o l  

d y e s   and  m e r o c y a n i n e   d y e s   a r e   u s e d   to  g r e a t e r   a d v a n t a g e .  

S p e c i f i c   e x a m p l e s   of   s u c h   d y e s   a r e   d e s c r i b e d   i n  

B r i t i s h   P a t e n t s   5 4 6 , 7 0 8 ;   5 8 4 , 6 0 9 ;   1 , 2 6 5 , 8 4 2   and  1 , 4 1 0 , 4 8 8 ,  

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

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

3 , 6 5 3 , 9 0 5   and  3 , 7 1 8 , 4 7 2 ,   and  so  o n .  

S u i t a b l e   c o u p l e r s   to  be  i n c o r p o r a t e d   in  h y d r o -  

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



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

s o l u b l e   c o u p l e r s .   Such  c o u p l e r s   may  be  p o l y m e r i c   o n e s .  

P r e f e r r e d   m a g e n t a   c o u p l e r s   i n c l u d e   5 - p y r a z o l o n e  

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

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

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

3 , 3 1 1 , 4 7 6 ;   3 , 4 1 9 , 3 9 1 ;   3 , 5 1 9 , 4 2 9 ;   3 , 5 5 8 , 3 1 9 ;   3 , 5 8 2 , 3 2 2 ;  

3 , 6 1 5 , 5 0 6 ;   3 , 8 3 4 , 9 8 0   and  3 , 8 9 1 , 4 4 5 ,   German  P a t e n t   1 , 8 1 0 , 4 6 4 ,  

West   Germany   P a t e n t   A p p l i c a t i o n s   (OLS)  2 , 4 0 8 , 6 6 5 ;   2 , 4 1 7 , 9 4 5 ;  

2 , 4 1 8 , 9 5 9   and  2 , 4 2 4 , 4 6 7 ,   p u b l i s h e d   e x a m i n e d   J a p a n e s e   P a t e n t  

A p p l i c a t i o n   6 0 3 1 / ' 6 5 ,   p u b l i s h e d   u n e x a m i n e d   J a p a n e s e   P a t e n t  

A p p l i c a t i o n s   2 0 8 2 6 / ' 7 6 ,   5 8 9 2 2 / 7 7 ,   1 2 9 5 3 8 / ' 7 4 ,   7 4 0 2 7 / ' 7 4 ,  

1 5 9 3 3 6 / ' 7 5 ,   4 2 1 2 1 / ' 7 7 ,   7 4 0 2 8 / ' 7 4 ,   6 0 2 3 3 / ' 7 5 , . 2 6 5 4 1 / ' 7 6 ,  

5 5 1 2 2 / ' 7 8 ,   9 4 7 5 2 / ' 8 2   and  3 5 8 5 8 / ' 8 2 ,   U.S.   P a t e n t s   3 , 1 6 3 , 6 2 5 ;  

3 , 2 1 1 , 5 5 2 ;   3 , 3 7 0 , 9 5 2 ;   3 , 4 5 1 , 8 2 0 ;   3 , 9 2 6 , 4 3 6 ;   4 , 0 8 0 , 2 1 1   a n d  

4 , 1 2 8 , 4 2 7 ,   B r i t i s h   P a t e n t   1 , 2 4 7 , 6 8 8 ,   R e s e a r c h   D i s c l o s u r e ,  

No.  18815  and  No.  1 9 0 3 3 .  

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

t y p e   and  p i v a l o y l a c e t o a n i l i d e   t y p e   c o m p o u n d s .   S p e c i f i c  

e x a m p l e s   of   y e l l o w   c o u p l e r s   w h i c h   can  be  used   in  t h i s  

i n v e n t i o n   a r e   t h o s e   which   a r e   d e s c r i b e d   in  U.S.   P a t e n t s  

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

3 , 7 2 5 , 0 7 2   and  3 , 8 9 1 , 4 4 5 ,   West  German  P a t e n t   1 , 5 4 7 , 8 6 8 ,  

West  German  P a t e n t   A p p l i c a t i o n s   (OLS)  2 , 2 1 9 , 9 1 7 ;   2 , 2 6 1 , 3 6 1  

and  2 , 4 1 4 , 0 0 6 ,   B r i t i s h   P a t e n t   1 , 4 2 5 , 0 2 0 ,   p u b l i s h e d   e x a m i n e d  

J a p a n e s e   P a t e n t   A p p l i c a t i o n   1 0 7 8 3 / ' 7 6 ,   p u b l i s h e d   u n e x a m i n e d  



J a p a n e s e   P a t e n t   A p p l i c a t i o n s   2 6 1 3 3 / ' 7 2 ,   7 3 1 4 7 / ' 7 3 ,   1 0 2 6 3 6 / ' 7 6 ,  

6 3 4 1 / ' 7 5 ,   1 2 3 3 4 2 / ' 7 5 ,   1 3 0 4 4 2 / ' 7 5 ,   2 1 8 2 7 / ' 7 6 ,   8 7 6 5 0 / ' 7 5 ,  

8 2 4 2 4 / ' 7 7   and  1 1 5 2 1 9 / ' 7 7 ,   U.S.  P a t e n t s   3 , 2 1 1 , 5 5 2 ;   3 , 3 7 0 , 9 5 2 ;  

3 , 4 5 1 , 8 2 0 ;   3 , 9 2 6 , 4 3 6 ;   4 , 0 8 0 , 2 1 1   and  4 , 1 2 8 , 4 2 7 ;   R e s e a r c h  

D i s c l o s u r e ,   No.  19033  and  No.  2 1 7 2 8 ,   and  so  o n .  

U s e f u l   cyan   c o u p l e r s   i n c l u d e   p h e n o l i c   c o m p o u n d s  

and  n a p h t h o l i c   c o m p o u n d s .   S p e c i f i c   e x a m p l e s   of  s u c h   c o m p o u n d s  

i n c l u d e   t h o s e   w h i c h   d e s c r i b e d   in  U.S .   P a t e n t s   2 , 3 6 9 , 9 2 9 ;  

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

3 , 3 1 1 , 4 7 6 ;   3 , 4 5 8 , 3 1 5 ;   3 , 4 7 6 , 5 6 3 ;   3 , 5 8 3 , 9 7 1 ;   3 , 5 9 1 , 3 8 3 ;  

3 , 7 6 7 , 4 1 1   and  4 , 0 0 4 , 9 2 9 ,   West   Ge rman   P a t e n t   A p p l i c a t i o n s  

(OLS)  2 , 4 1 4 , 8 3 0   and  2 , 4 5 4 , 3 2 9 ,   p u b l i s h e d   u n e x a m i n e d   J a p a n e s e  

P a t e n t   A p p l i c a t i o n s   5 9 8 3 8 / ' 7 3 ,   2 S 0 3 4 / ' 7 6 ,   5 0 5 5 / ' 7 3 ,   1 4 6 8 2 8 / ' 7 6 ,  

6 9 6 2 4 / ' 7 7   and  9 0 9 3 2 / ' 7 7 ,   U.S.   P a t e n t s   3 , 2 1 1 , 5 5 2 ;   3 , 3 7 0 , 9 5 2 ;  

3 . , 4 5 1 , 8 2 0 ;   3 , 9 2 6 , 4 3 6 ;   4 , 0 8 0 , 2 1 1   and  4 , 1 2 8 , 4 2 7   and  R e s e a r c h  

D i s c l o s u r e ,   No.  2 1 7 2 8 .  

The  p h o t o g r a p h i c   e m u l s i o n s   to   be  u s e d   in  t h i s  

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

or   o t h e r   d y e s .   U s e f u l   s e n s i t i z i n g   d y e s   i n c l u d e   t h o s e   d e s -  

c r i b e d   i n  G e r m a n   P a t e n t   9 2 9 , 0 8 0 ,   U .S .   P a t e n t s   2 , 4 9 3 , 7 4 8 ;  

2 , 5 0 3 , 7 7 6 ;   2 , 5 1 9 , 0 0 1 ;   2 , 9 1 2 , 3 2 9 ;   3 , 6 5 6 , 9 5 9 ;   3 , 6 7 2 , 8 9 7   a n d  

4 , 0 2 5 , 3 4 9 ,   B r i t i s h   P a t e n t   1 , 2 4 2 , 5 8 8 ;   and  p u b l i s h e d   e x a m i n e d  

J a p a n e s e   P a t e n t   A p p l i c a t i o n   1 4 0 3 0 / ' 6 9 .  

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

or   in   c o m b i n a t i o n .   C o m b i n a t i o n s   of   s e n s i t i z i n g   dyes   a r e  



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

T y p i c a l   e x a m p l e s   of  s u p e r s e n s i t i z i n g   c o m b i n a t i o n s   a r e  

d e s c r i b e d   in  U.S.  P a t e n t s   2 , 6 8 8 . , 5 4 5 ;   2 , 9 7 7 , 2 2 9 ;   3 , 3 9 7 , 0 6 0 ;  

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

3 , 6 7 2 , 8 9 8 ;   3 , 6 7 9 , 4 2 8 ;   3 , 8 1 4 , 6 0 9   and  4 , 0 2 6 , 7 0 7 ,   B r i t i s h  

P a t e n t   1 , 3 4 4 , 2 8 1 ,   p u b l i s h e d   e x a m i n e d   J a p a n e s e   P a t e n t  

A p p l i c a t i o n s   4 9 3 6 / ' 6 8   and  1 2 3 7 5 / ' 7 8 ;   and  p u b l i s h e d   u n -  

e x a m i n e d   J a p a n e s e   P a t e n t   A p p l i c a t i o n s   1 1 0 6 1 8 / ' 7 7   a n d  

1 0 9 9 2 5 / ' 7 7 .  

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

w i t h   an  e m b o d i m e n t   of   t h i s   i n v e n t i o n   can  c o n t a i n   in  i t s  

h y d r o p h i l i c   c o l l o i d a l   l a y e r s   a  s o - c a l l e d   gas  fog  p r e v e n t i n g  

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

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

i n c r e a s e   in  c o l o r   s t a i n   a n d  f o g ,   e t c . ,   from  o c c u r r i n g   u p o n  

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

l i k e .   For  e x a m p l e ,   a m i n e s   ( i n c l u d i n g   a l k y l a m i n e ,   a r y l a m i n e s  

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

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

s u l f i t e s   and  so  on  can  be  u s e d   f o r   the   a b o v e - d e s c r i b e d  

p u r p o s e .  

S p e c i f i c  e x a m p l e s   of  gas  fog  p r e v e n t i n g   a g e n t s  

a re   d e s c r i b e d   in  p u b l i s h e d   e x a m i n e d   J a p a n e s e   P a t e n t   A p p l i -  

c a t i o n s   3 4 6 7 5 / ' 7 1 ,   3 8 4 1 8 / ' 7 3   and  2 3 9 0 8 / ' 7 6 ,   p u b l i s h e d   u n -  

e x a m i n e d   J a p a n e s e   P a t e n t   A p p l i c a t i o n s   4 7 3 3 5 / ' 7 3 ,   4 3 9 2 3 / ' 7 5  



a n d   8 7 0 2 8 / ' 7 5 ,   U.S.   P a t e n t s   3 , 7 7 0 , 4 3 1   and  3 , 8 1 1 , 8 9 1 ,   U . S .  

(Def .   Pub)  T 9 0 0 0 2 8 ;   R e s e a r c h   D i s c l o s u r e ,   v o l .   101 ,   R D - 1 0 1 3 3 ,  

and  so  o n .  

S u i t a b l e   e x a m p l e s   of  gas  fog  p r e v e n t i n g   a g e n t s  

w h i c h   can   be  u s e d   in  t h i s   i n v e n t i o n   i n c l u d e   u r e a ,   e t h y l e n e  

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

u r a z o l ,   p a r a b a n i c   a c i d ,   b i u r e t ,   g l y c o l u r i l ,   1 - m e t h y l g l y c o l u r i l ,  

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

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

d i m e d o n e   b a r b i t u r i c   a c i d ,   s e m i c a r b a z i e ,   5 - p y r a z o l o n e   t y p e  

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

r e s o r c i n o l ,   p h l o r o g l u c i n o l ,   2 , 3 - d i h y d r o x y n a p h t h a l e n e ,  

s o d i u m   s u l f i t e   and  so  o n .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   w i t h   r e s p e c t  

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

i n v e n t i o n   i s   n o t   l i m i t e d   to  t he   e x a m p l e s .  

EXAMPLE  1 

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

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

l a y e r s   d e s c r i b e d   b e l o w   in  o r d e r   of  t he   f o l l o w i n g   d e s c r i p t i o n  

to  p r e p a r e   S a m p l e   A .  

The  f i r s t   l a y e r :   Low  s e n s i t i v i t y   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  

100  g  of  a  cyan   c o u p l e r ,   2 - ( h e p t a f l u o r o b u t y l a m i d o ) -  

5 - [ 2 ' - ( 2 " , 4 " - d i - t - a m y l p h e n o x y ) b u t y l a m i d o } - p h e n o l ,   was  d i s s o l v e d  

in  a  m i x t u r e   of   100  ml  of  t r i c r e s y l   p h o s p h a t e   and  100  ml  o f  



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

a  h i g h   s p e e d   t o g e t h e r   w i t h   1  kg  of  a  10%  g e l a t i n   w a t e r  

s o l u t i o n   to  p r e p a r e   an  e m u l s i o n . .   A  500  g  p o r t i o n   of  t h e  

t h u s   o b t a i n e d   e m u l s i o n   was  m i x e d   w i t h   1  kg  of  a  r e d - s e n s i t i v e  

low  s e n s i t i v i t y   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   ( c o n t a i n i n g  

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

b u t i o n   t h a t   81%  by  number   of  the   w h o l e   g r a i n s   have  s i z e s  

w h i c h   a r e   w i t h i n   ±40%  of  i t s   mean  g r a i n   s i z e ,   70  g  of  s i l v e r ,  

60  g  of  g e l a t i n   and  6  mole  %  of  s i l v e r   i o d i d e ) ,   and  c o a t e d  

in  a  l a y e r   h a v i n g   a  dry   t h i c k n e s s   of   2  µ m ( c o n t a i n i n g   0 .5  g / m 2  

of  s i l v e r ) .  

The  s e c o n d   l a y e r :   I n t e r m e d i a t e   s e n s i t i v i t y   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  

100  g  of   a  cyan   c o u p l e r ,   2 - ( h e p t a f l u o r o b u t y l a m i n o ) -  

5 - ( 2 ' - ( 2 " , 4 "   - d i - t - a m y l p h e n o x y ) b u t y l a m i d o } - p h e n o l ,   was  d i s s o l v e d  

in  a  m i x t u r e   of  100  ml  of  t r i c r e s y l   p h o s p h a t e   and  100  ml  o f  

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

h i g h   s p e e d   t o g e t h e r   w i t h   1  k g  o f   a  10%  g e l a t i n   w a t e r   s o l u t i o n  

to  p r e p a r e   an  e m u l s i o n .   A  1 , 0 0 0   g  p o r t i o n   of  the   t h u s   o b t a i n e d  

e m u l s i o n   was  m i x e d   w i t h  1   kg  of  a  r e d - s e n s i t i v e   i n t e r m e d i a t e  

s e n s i t i v i t y   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   ( h a v i n g   s u c h   a  g r a i n  

s i z e   d i s t r i b u t i o n   t h a t   t he   p e r c e n t a g e   of  g r a i n s   as  d e s c r i b e d  

in  t he   f i r s t   l a y e r   was  76%  and  c o n t a i n i n g   70  g  of  s i l v e r ,  

60  g  of  g e l a t i n   and  6  mole   %  of  s i l v e r   i o d i d e ) ,   and  c o a t e d  

in  a  l a y e r   h a v i n g   a  dry   t h i c k n e s s   of   1  µ m ( c o n t a i n i n g   0 .4   g / m 2  



o f   s i l v e r ) .  

The  t h i r d   l a y e r :   High  s e n s i t i v i t y   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  

100  g  of  a  cyan   c o u p l e r ,   2 - ( h e p t a f l u o r o b u t y l a m i d o ) -  

5 - ( 2 ' - ( 2 " , 4 " - d i - t - a m y l p h e n o x y ) b u t y l a m i d o } - p h e n y l ,   was  d i s -  

s o l v e d   in  a  m i x t u r e   of  100  ml  of   t r i c r e s y l   p h o s p h a t e   a n d  

100  ml  of   e t h y l   a c e t a t e ,   and  t h e   r e s u l t i n g   s o l u t i o n   w a s  

s t i r r e d   a t   a  h i g h   s p e e d   t o g e t h e r   w i t h   1  kg  of  a  10%  g e l a t i n  

w a t e r   s o l u t i o n   to   p r e p a r e   an  e m u l s i o n .   A  1 , 0 0 0   g  p o r t i o n  

of  t h e   t h u s   o b t a i n e d   e m u l s i o n   was  m i x e d   w i t h   1  kg  of  a  r e d -  

s e n s i t i v e   h i g h   s e n s i t i v i t y   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  

( h a v i n g   s u c h   a  g r a i n   s i z e   d i s t r i b u t i o n   t h a t   t h e   p e r c e n t a g e  

of  g r a i n s   as  d e s c r i b e d   in  t h e   f i r s t   l a y e r   was  78%,  a n d  

c o n t a i n i n g   70  g  of   s i l v e r ,   60  g  of  g e l a t i n   and  6  mole   %  o f  

s i l v e r   i o d i d e ) ,   and  c o a t e d   in   a  l a y e r   h a v i n g   a  d r y   t h i c k n e s s  

of  1  µ m ( c o n t a i n i n g   0 .4   g/m2  of   s i l v e r ) .  

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

2 , 5 - d i - t - o c t y l h y d r o q u i n o n e   was  d i s s o l v e d   i n , a  

m i x t u r e   of   100  ml  of   d i b u t y l   p h t h a l a t e   and  100  ml  of  e t h y l  

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

s p e e d   t o g e t h e r   w i t h   1  kg  of  10%  g e l a t i n   w a t e r   s o l u t i o n .  

A  1  kg  p o r t i o n  o f   t h e   t h u s   o b t a i n e d   e m u l s i o n   was  m i x e d   w i t h  

1  kg  of  a  10%  a q u e o u s   g e l a t i n g   s o l u t i o n ,   and  c o a t e d   in  a  

l a y e r   h a v i n g   a  d ry   t h i c k n e s s   of   1  µm.  

The  f i f t h   l a y e r :   Low  s e n s i t i v i t y   g r e e n - s e n s i t i v e   e m u l s i o n   l a y e r  

A  500  g  p o r t i o n   of   t he   e m u l s i o n   p r e p a r e d   in  t h e   s a m e  



m a n n e r   as  in  the   f i r s t   l a y e r   e x c e p t   t h a t   1 - ( 2 , 4 , 6 - t r i c h l o r o -  

p h e n y l ) - 3 - { 3 - ( 2 , 4 - d i - t - a m y l p h e n o x y a c e t a m i d o ) b e n z a m i d o } - 5 -  

p y r a z o l o n e   was  u s e d   as  a  m a g e n t a   c o u p l e r   in  p l a c e   of  t h e  

cyan  c o u p l e r   was  mixed   w i t h   1  kg  of   a  g r e e n - s e n s i t i v e   l o w  

s e n s i t i v i t y   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   ( h a v i n g   such  a  

g r a i n   s i z e   d i s t r i b u t i o n   t h a t   t he   p e r c e n t a g e   of   g r a i n s   a s  

d e s c r i b e d   in  t he   f i r s t   l a y e r   was  81%,  and  c o n t a i n i n g   70% 

of  s i l v e r ,   60  g  of  g e l a t i n   and  5 .2   mole   %  of   s i l v e r   i o d i d e ) ,  

and  c o a t e d   in  a  l a y e r   h a v i n g   a  dry   t h i c k n e s s   of  2.0  µm 

( c o n t a i n i n g   0 .7   g / m 2  o f   s i l v e r ) .  

The  s i x t h   l a y e r :   I n t e r m e d i a t e   s e n s i t i v i t y   g r e e n - s e n s i t i v e  

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

A  1 , 0 0 0   g  p o r t i o n   of   t h e   e m u l s i o n   p r e p a r e d   in  t h e  

same  m a n n e r   as  in  the   f i r s t   l a y e r   e x c e p t   t h a t   1 - ( 2 , 4 , 6 - t r i -  

c h l o r o p h e n n y ) - 3 - { 3 - ( 2 , 4 - d i - t - a m y l p h e n o x y a c e t a m i d o ) b e n z a m i d o } -  

5 - p y r a z o l o n e   was  used   as  a  m a g e n t a   c o u p l e r   in  p l a c e   of  t h e  

cyan  c o u p l e r   was  mixed   w i t h   1  kg  of  a  g r e e n - s e n s i t i v e  

i n t e r m e d i a t e   s e n s i t i v i t y   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   ( h a v i n g  

such  a  g r a i n   s i z e   d i s t r i b u t i o n   t h a t   t h e   p e r c e n t a g e   of  g r a i n s  

as  d e s c r i b e d   in  the   f i r s t   l a y e r   was  75%,  and  c o n t a i n i n g  

70  g  of  s i l v e r ,   60  g  of   g e l a t i n   and  5 .2   mole  %  of  s i l v e r  

i o d i d e ) ,   and  c o a t e d   in  a  l a y e r   h a v i n g   a  dry   t h i c k n e s s   of  1  µm 

( c o n t a i n i n g   0 . 3 5   g/m2  of   s i l v e r ) .  

The  s e v e n t h   l a y e r :   High  s e n s i t i v i t y   g r e e n - s e n s i t i v e   e m u l s i o n  

l a y e r  

A  1 , 0 0 0   g  p o r t i o n   of   t he   e m u l s i o n   p r e p a r e d   in  t h e  



.same  manne r   as  in  t h e   f i r s t   l a y e r   e x c e p t   t h a t   1 - ( 2 , 4 , 6 -  

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

b e n z a m i d o } - 5 - p y r a z o l o n e   was  u s e d   as  a  m a g e n t a   c o u p l e r   i n  

p l a c e   of  t h e   cyan   c o u p l e r   was  m i x e d   w i t h   1  kg  of  a  g r e e n -  

s e n s i t i v e   h i g h   s e n s i t i v i t y   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  

( h a v i n g   s u c h   a  g r a i n   s i z e   d i s t r i b u t i o n   t h a t   t he   p e r c e n t a g e  

of   g r a i n s   as  d e s c r i b e d   in  t h e   f i r s t   l a y e r   was  75%,  a n d  

c o n t a i n i n g   70  g  of   s i l v e r ,   60  g  of  g e l a t i n   and  5.2  mole  % 

of  s i l v e r   i o d i d e ) ,   and  c o a t e d   in   a  l a y e r   h a v i n g   a  d r y  

t h i c k n e s s   of   1  µ m ( c o n t a i n i n g   0 . 3 5   g/m2  of  s i l v e r ) .  

The  e ighth  l a y e r :   I n t e r l a y e r  

A  1  kg  p o r t i o n   of   t h e   same  e m u l s i o n   as  e m p l o y e d  

in  the   f o u r t h   l a y e r   was  m i x e d   w i t h   1  kg  of  a  10%  a q u e o u s  

g e l a t i n   s o l u t i o n ,   and  c o a t e d   in   a  l a y e r   h a v i n g   a  dry   t h i c k -  

n e s s   of  1  µm. 

The  n i n t h   l a y e r :   Y e l l o w   f i l t e r   l a y e r  

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

was  c o a t e d   in  a  l a y e r   h a v i n g   a  d r y   t h i c k n e s s   of   1  µm. 

The  t e n t h   l a y e r :   Low  s e n s i t i v i t y   b l u e - s e n s i t i v e   e m u l s i o n  

l a y e r  

A  1 , 0 0 0   g  p o r t i o n   of   t h e   e m u l s i o n   p r e p a r e d   i n  

the   same  m a n n e r   as  in  t h e   f i r s t   l a y e r   e x c e p t  t h a t  @ - ( p i v a l o y l )  

@ - ( 1 - b e n z y l - 5 - e t h o x y - 3 - h y d a n t o i n y l ) - 2 - c h l o r o - 5 - d o d e c y l o x y -  

c a r b o n y l a c e t o a n i l i d e   was  u s e d   as  a  y e l l o w   c o u p l e r   in  p l a c e   o f  

the   cyan  c o u p l e r   was  m i x e d   w i t h   1  kg  of  a  b l u e - s e n s i t i v e   l o w  



' s e n s i t i v i t y   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   ( h a v i n g   such  a  

g r a i n   s i z e   d i s t r i b u t i o n   t h a t   t h e   p e r c e n t a g e   of  g r a i n s   a s  

d e s c r i b e d   in   t he   f i r s t   l a y e r   was  77%,  and  c o n t a i n i n g   70  g 

of  s i l v e r ,   60  g  of  g e l a t i n   and  5 .5   mole   %  of  s i l v e r   i o d i d e ) ,  

and  c o a t e d   in   a  l a y e r   h a v i n g  a   dry   t h i c k n e s s   of  2 .0   µm 

( c o n t a i n i n g   0 .6  g/m2  of  s i l v e r ) .  

The  e l e v e n t h   l a y e r :   I n t e r m e d i a t e   s e n s i t i v i t y   b l u e - s e n s i t i v e  

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

A  1 , 0 0 0   g  p o r t i o n   of  t he   e m u l s i o n   p r e p a r e d   in  t h e  

same  m a n n e r   as  in  t h e   f i r s t   l a y e r   e x c e p t   t h a t   a - ( p i v a l o y l ) -  

@ - ( 1 - b e n z y l - 5 - e t h o x y - 3 - h y d a n t o i n y l ) - 2 - c h l o r o - 5 - d o d e c y l o x y -  

c a r b o n y l a c e t o a n i l i d e   was  u s e d   as  a  y e l l o w   c o u p l e r   in  p l a c e  

of  t he   cyan   c o u p l e r   was  mixed   w i t h   1  kg  of   a  b l u e - s e n s i t i v e  

i n t e r m e d i a t e   s e n s i t i v i t y   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   ( h a v i n g  

such   a  g r a i n   s i z e   d i s t r i b u t i o n   t h a t   t h e   p e r c e n t a g e   of  g r a i n s  

as  d e s c r i b e d   in  the   f i r s t   l a y e r   was  72%,  and  c o n t a i n i n g   70  g  

of  s i l v e r ,   60  g  of  g e l a t i n   and  5 .5   mole   %  of  s i l v e r   i o d i d e ) ,  

and  c o a t e d   in  a  l a y e r   h a v i n g   a  dry   t h i c k n e s s   of   1.0  µm 

( c o n t a i n i n g   0 .5   g/m2  of  s i l v e r ) .  

The  t w e l f t h   l a y e r :   High  s e n s i t i v i t y   b l u e - s e n s i t i v e   e m u l s i o n  

l a v e r  

A  1 , 0 0 0   g  p o r t i o n   of  t he   e m u l s i o n   p r e p a r e d   in  t h e  

same  m a n n e r   as  in  the   f i r s t   l a y e r   e x c e p t   t h a t   a - ( p i v a l o y l ) -  

a - ( l - b e n z y l - 5 - e t h o x y - 3 - h y d a n t o i n y l ) - 2 - c h l o r o - 5 - d o d e c y l o x y -  

c a r b o n y l a c e t o a n i l i d e   was  used   as  a  y e l l o w   c o u p l e r   in  p l a c e  

of  the  cyan   c o u p l e r   was  mixed  w i t h   1  kg  of   a  b l u e - s e n s i t i v e  



- h i g h   s e n s i t i v i t y   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   ( h a v i n g   s u c h  

a  g r a i n   s i z e   d i s t r i b u t i o n   t h a t   t he   p e r c e n t a g e   of   g r a i n s  

as  d e s c r i b e d   in  t h e   f i r s t   l a y e r   was  72%,  and  c o n t a i n i n g  

70  g  of  s i l v e r ,   60  g  of  g e l a t i n   and  5 .5   mo le  %  of  s i l v e r  

i o d i d e ) ,   and  c o a t e d   in  a  l a y e r   h a v i n g   a  d ry   t h i c k n e s s   o f  

1 .0   µ m ( c o n t a i n i n g   0 .5  g/m2  of  s i l v e r ) .  

The  t h i r t e e n t h   l a y e r :   S e c o n d   p r o t e c t i v e   l a y e r  

A  1  kg  p o r t i o n   of  t he   same  e m u l s i o n   as  u s e d   i n  

the   t h i r d   l a y e r   w a s  m i x e d   w i t h   1  kg  of   a  10%  a q u e o u s  

g e l a t i n   s o l u t i o n ,   and  c o a t e d   in  a  l a y e r   h a v i n g   a  dry   t h i c k -  

n e s s   of   2  µ m .  

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

A  10%  g e l a t i n   a q u e o u s   s o l u t i o n   c o n t a i n i n g   a  

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

s i z e   of  0 . 1 5   um,  and  c o n t a i n i n g   1  mole   %  of   s i l v e r   i o d o b r o m i d e )  

was  c o a t e d   in   a  l a y e r   h a v i n g   a  d ry   t h i c k n e s s   of   1  µm  a t   a  

s i l v e r   c o v e r a g e   of   0 .3   g / m 2 .  

On  t h e   o t h e r   hand ,   Sample   B  was  p r e p a r e d   in  t h e  

same  m a n n e r   as  i n  S a m p l e   A  e x c e p t   t h a t   in  t he   e m u l s i o n  

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

the   p e r c e n t a g e   in   t he   g r a i n   s i z e   d i s t r i b u t i o n   w e r e   c h a n g e d  

to  2 .5   m o l e   %  and  87%,  r e s p e c t i v e l y ,   and  in  t h e   e m u l s i o n  

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

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

2.5  mo le  %  and  87  %,  r e s p e c t i v e l y .  



. S a m p l e   C  was  p r e p a r e d   in  the   same  m a n n e r   as  in  Sample  A 

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

s i l v e r   i o d i d e   c o n t e n t   and  t he   p e r c e n t a g e   in  the   g r a i n   s i z e  

d i s t r i b u t i o n   were   c h a n g e d   to  6  mole   %  and  88%,  r e s p e c t i v e l y ,  

and  in   t h e   e m u l s i o n   used   in  the   t h i r d   l a y e r   the   s i l v e r  

i o d i d e   c o n t e n t   and  the   p e r c e n t a g e   in  t h e   g r a i n   s i z e   d i s -  

t r i b u t i o n   were   6  mole  %  and  88%,  r e s p e c t i v e l y .  

Sample   D  was  p r e p a r e d   in   t h e   same  m a n n e r   as  i n  

S a m p l e   A  e x c e p t   t h a t   in  the   e m u l s i o n   u s e d   in  t h e  s e c o n d  

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

g r a i n   s i z e   d i s t r i b u t i o n   were   c h a n g e d   to  2 . 5   mole  %  a n d  

80%,  r e s p e c t i v e l y ,   and  in  t he   e m u l s i o n   u s e d   in  the   t h i r d  

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

g r a i n   s i z e   d i s t r i b u t i o n   were   c h a n g e d   to  2 . 5   mole  %  a n d  

80%,  r e s p e c t i v e l y .  

Sample   E  was  p r e p a r e d   in  t h e   same  m a n n e r   as  i n  

Sample   A  e x c e p t   t h a t   in  the   e m u l s i o n   u s e d   in  t he   s e c o n d  

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

g r a i n   s i z e   d i s t r i b u t i o n   were   c h a n g e d   to  3 . m o l   %  and  91  %, 

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

the   s i l v e r   i o d i d e   c o n t e n t   and  the   p e r c e n t a g e   in  the   g r a i n  

s i z e   d i s t r i b u t i o n   were  c h a n g e d   to  3  mole   %  and  91%, 

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

Each  of  t h e s e   s a m p l e   f i l m s   was  e x p o s e d   to  l i g h t  

t h r o u g h   a  s t e p   wedge  f o r   RMS  m e a s u r e m e n t   ( r o o t   mean  s q u a r e  



. m e a s u r e m e n t )   and  t h e n ,   s u b j e c t e d   to  t h e   f o l l o w i n g   r e v e r s a l  

p r o c e s s i n g s .  

RMS  g r a n u l a r i t y   ( a p e r t u r e   d i a m e t e r   u s e d   u p o n  

m e a s u r e m e n t :   10  µm x  10  µm)   of  e a c h   s a m p l e   was  m e a s u r e d   i n  

b o t h   a r e a s   of   cyan   d e n s i t i e s   0 . 7 5   and  1 . 5 0 .   R e s u l t s   o b t a i n e d  

a r e   shown  in  T a b l e   1 .  

When,  as  e m b o d i e d   in  S a m p l e   B  and  S a m p l e   E  o f  

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

a  s i l v e r   i o d i d e   c o n t e n t   was  r e d u c e d   to  4 .5  m o l e  %   or   l e s s ,  

t he   g r a n u l a r i t y   was  f o u n d   to  be  m a r k e d l y   i m p r o v e d .  



p r o c e s s i n g   S t e p s :  

C o m p o s i t i o n   of  F i r s t   D e v e l o p i n g   S o l u t i o n :  



C o m p o s i t i o n   of  R e v e r s a l   P r o c e s s i n g   S o l u t i o n :  

C o m p o s i t i o n   of   C o l o r   D e v e l o p i n g   S o l u t i o n :  



. C o m p o s i t i o n   o f   A d j u s t m e n t   P r o c e s s i n g   S o l u t i o n :  

C o m p o s i t i o n   of   B l e a c h i n g   S o l u t i o n :  

C o m p o s i t i o n   of   F i x i n g   S o l u t i o n :  

C o m p o s i t i o n   o f   S t a b i l i z i n g   S o l u t i o n :  



EXAMPLE  2 

S a m p l e   F  was  p r e p a r e d   in   t he   same  m a n n e r   as  i n  

Sample  A  of  E x a m p l e   1  e x c e p t   t h a t   in  the   e m u l s i o n   u s e d   in  t h e  

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

the  g r a i n   s i z e   d i s t r i b u t i o n   w e r e   c h a n g e d   to  5 .2   mole   %  a n d  

88%  r e s p e c t i v e l y ,   and  in   t h e   e m u l s i o n   u s e d   in  t he   s e v e n t h  

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

g r a i n   s i z e   d i s t r i b u t i o n   we re   c h a n g e d   to  5 .2   mole   %  and  90% 

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

F u r t h e r ,   S a m p l e   G  was  p r e p a r e d   in  t he   same  m a n n e r  

as  in  Sample   A  of   E x a m p l e   1  e x c e p t   t h a t   in   t he   e m u l s i o n   u s e d  

in  the  s i x t h   l a y e r   t h e   s i l v e r   i o d i d e   c o n t e n t   and  the   p e r c e n t a q  

in  the   g r a i n   s i z e   d i s t r i b u t i o n   w e r e   c h a n g e d   to  3 .2   mole   % 

and 90%  r e s p e c t i v e l y ,   and  in  t h e   e m u l s i o n   u s e d   in   t he   s e v e n t h  

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

g r a i n   s i z e   d i s t r i b u t i o n   were   c h a n g e d   to  3 .2  mole  %  and  90  % 

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

F u r t h e r m o r e ,   S a m p l e   H  was  p r e p a r e d   in   t h e   s a m e  

manne r   as  in  S a m p l e   A  of  E x a m p l e   1  e x c e p t   t h a t   in   t h e   e m u l s i o r  

used   in  the   s i x t h   l a y e r   t he   s i l v e r   i o d i d e   c o n t e n t   and  t h e  

p e r c e n t a g e   in   t h e   g r a i n   s i z e   d i s t r i b u t i o n   were   c h a n g e d   t o  

4.5  mole  %  and  77%  r e s p e c t i v e l y ,   and  in  the   e m u l s i o n   u s e d  

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

p e r c e n t a g e   in  t h e   g r a i n   s i z e   d i s t r i b u t i o n   were   c h a n g e d   t o  

4.5  mole %  and  80%  r e s p e c t i v e l y .  



In  a d d i t i o n ,   Sample   I  was  p r e p a r e d   in  t he   s a m e  

m a n n e r   as  in   Sample   A  of  Example   1  e x c e p t   t h a t   in  t h e   e m u l s i o n  

used   in  the   s i x t h   l a y e r   the   s i l v e r   i o d i d e   c o n t e n t   and  t h e  

p e r c e n t a g e   in   the   g r a i n   s i z e   d i s t r i b u t i o n   were   c h a n g e d   t o  

4.3  mole  %  and  90%  r e s p e c t i v e l y ,   and  in  the   e m u l s i o n   u sed   i n  

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

in  t he   g r a i n   s i z e   d i s t r i b u t i o n   w e r e   c h a n g e d   to  4 .3   mole  % 

and  92%  r e s p e c t i v e l y .  

Each  of  the   t h u s   o b t a i n e d   f i l m s   was  s u b j e c t e d   t o  

the   same  e x p o s u r e   p r o c e s s i n g   and  the   same  m e a s u r e m e n t   as  i n  

E x a m p l e   1  and  t h e r e b y ,   RMS  g r a n u l a r i t y   in  e a c h   of  a r e a s  

h a v i n g   m a g e n t a   d e n s i t i e s   0 .75   and  1 . 5 0   was  d e t e r m i n e d .  

R e s u l t s   o b t a i n e d   a r e   shown  in  T a b l e   2 .  

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

used   were   m o n o d i s p e r s e   ones   and  had  s i l v e r   i o d i d e   c o n t e n t s  

of  4.5  mole%  or  l e s s   a re   m a r k e d l y   i m p r o v e d   in  g r a n u l a r i t y .  



EXAMPLE  3 

S a m p l e   J  was  p r e p a r e d   in  the   same  m a n n e r   as  i n  

Sample   A  of  E x a m p l e   1  e x c e p t   t h a t   in  the   e m u l s i o n   used   i n  

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

in  t he   g r a i n   s i z e   d i s t r i b u t i o n   were   c h a n g e d   to  6  mole  %  a n d  

92%  r e s p e c t i v e l y ,   and  in   t h e   e m u l s i o n   u s e d   in   t he   t w e l f t h  

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

g r a i n   s i z e   d i s t r i b u t i o n   w e r e   c h a n g e d   to  6  mole   %  and  90  % 

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

F u r t h e r ,   S a m p l e   K  was  p r e p a r e d   in  t he   same  m a n n e r  

as  in   S a m p l e   A  e x c e p t   t h a t   in   t h e   e m u l s i o n   u s e d   in  t h e  

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

in  t he   g r a i n   s i z e   d i s t r i b u t i o n   we re   c h a n g e d   to  4 .2   mole  % 

and  88%  r e s p e c t i v e l y ,   and  in   t h e   e m u l s i o n   u s e d   in  the   t w e l f t h  

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

g r a i n   s i z e   d i s t r i b u t i o n   w e r e   c h a n g e d   to  4 .2  mole  %  and  88  % 

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

F u r t h e r m o r e ,   S a m p l e   L  was  p r e p a r e d   in   the  s a m e  

m a n n e r   as  in  S a m p l e   A  e x c e p t   t h a t   in  the   e m u l s i o n   u s e d   i n  

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

in  t he   g r a i n   s i z e   d i s t r i b u t i o n   we re   c h a n g e d   to  3.5  mole  % 

and  91  %  r e s p e c t i v e l y ,   and  in   t he   e m u l s i o n   u s e d   in  t h e  

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

in  t he   g r a i n   s i z e  d i s t r i b u t i o n   we re   c h a n g e d   to  3.5  mole  % 

and  91  %  r e s p e c t i v e l y .  



In  a d d i t i o n ,   Sample   M  was  p r e p a r e d   in  the  s a m e  

m a n n e r   as  in  Sample   A  e x c e p t   t h a t   in   t h e   e m u l s i o n   used   i n  

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

in  t h e   g r a i n   s i z e   d i s t r i b u t i o n   we re   c h a n g e d   to  3.5  mole  % 

and  77  %  r e s p e c t i v e l y ,   and  in  the   e m u l s i o n   used  in  t h e  

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

in  t h e   g r a i n   s i z e   d i s t r i b u t i o n   w e r e   c h a n g e d   to  3.5  mole  % 

and  75%  r e s p e c t i v e l y .  

Each  of  t he   t h u s   o b t a i n e d   f i l m s   was  s u b j e c t e d   t o  

t he   same  e x p o s u r e   p r o c e s s i n g   and  t h e   same  m e a s u r e m e n t   as  i n  

E x a m p l e   1  and  t h e r e b y ,   RMS  g r a n u l a r i t y   in   each   of  a r e a s  

h a v i n g   y e l l o w   d e n s i t i e s   0 .75   and  1 . 5 0   was  d e t e r m i n e d .  

R e s u l t s   o b t a i n e d   a re   shown  in  T a b l e   3 .  

G r a i n i n e s s   is  b e t t e r   the   s m a l l e r   a  v a l u e   of  RMS 

g r a n u l a r i t y   is  and  t h e r e f o r e ,   as  can   be  s e e n   from  T a b l e   1 ,  

T a b l e   2  and  T a b l e   3,  a l l   the   s a m p l e s   p r e p a r e d   in  a c c o r d a n c e  



. w i t h   t h e   e m b o d i m e n t s   of  t h i s   i n v e n t i o n   w e r e   i m p r o v e d   i n  

g r a i n i n e s s   in   a l l   of  t h e i r   r e s p e c t i v e   r e d - s e n s i t i v e ,   g r e e n -  

s e n s i t i v e   and  b l u e - s e n s i t i v e   e m u l s i o n   l a y e r s .  



1.  A  m u l t i l a y e r   s i l v e r   h a l i d e   r e v e r s a l   c o l o r  

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

or   more   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   w h i c h   have  t h e  

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

v i t i e s ,   among  s a i d   e m u l s i o n   l a y e r s   a t   l e a s t   b o t h   t he   e m u l -  

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

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

s e n s i t i v i t y ,   c o n t a i n 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  w h i c h  

i o d i d e   c o n t e n t s   in  t h e i r   r e s p e c t i v e   h a l i d e s   a r e   4 .5  mole  % 

or   l e s s   and   t h e i r   r e s p e c t i v e   g r a i n   s i z e   d i s t r i b u t i o n s  

b e i n g   s u c h   t h a t   85  %  or  m o r e ,   by  n u m b e r   or   by  w e i g h t ,   o f  

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

w h i c h   a r e   w i t h i n   t  40  %  of  i t s   mean  g r a i n   s i z e .  

2.  A  m u l t i l a y e r   s i l v e r   h a l i d e   r e v e r s a l   c o l o r  

p h o t o g r a p h i c   m a t e r i a l   as  c l a i m e d   in   C l a i m   1,  w h e r e i n  t h e  

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

d e v e l o p e d   c o l o r   d e n s i t y   in  t he   r a n g e   o f   0 .2   to  2 .0   and  t h e  

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

a  r e v e r s a l   d e n s i t i y   in  t h e   r a n g e   of   0 . 2   to   2 . 0 .  

3.  A ' m u l t i l a y e r   s i l v e r   h a l i d e   r e v e r s a l   c o l o r  

p h o t o g r a p h i c   m a t e r i a l   as  c l a i m e d   in   C l a i m   2,  w h e r e i n   t h e  

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

d e v e l o p e d   c o l o r   d e n s i t y   in  t h e   r a n g e   of   0 .3   to  1.5  and  t h e  

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

a  r e v e r s a l   d e n s i t y   in  t h e   r a n g e   of   0 .3   to   1 . 5 .  



4.  A  m u l t i l a y e r   s i l v e r   h a l i d e   r e v e r s a l   c o l o r  

p h o t o g r a p h i c   m a t e r i a l   as  c l a i m e d   in  one  of  t h e   p r e c e d i n g  

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

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

e m u l s i o n   l a y e r   have   i o d i d e   c o n t e n t s   in  t h e   r a n g e   of  0 . 5  

m o l e   %  to  3 .0   mole   %. 

5.  A  m u l t i l a y e r   s i l v e r   h a l i d e   r e v e r s a l   c o l o r  

p h o t o g r a p h i c   m a t e r i a l   as  c l a i m e d   in  one  of  t h e   p r e c e d i n g  

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

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

l a y e r   have   g r a i n   s i z e   d i s t r i b u t i o n s   s u c h   t h a t   90  %  o r  

m o r e ,   by  n u m b e r   or  by  w e i g h t ,   of  t h e   w h o l e   s i l v e r   h a l i d e  

g r a i n s   in   s a i d   e m u l s i o n s   h a v e   s i z e s   w h i c h   a r e   w i t h i n  ±   40  % 

of  i t s   mean  g r a i n   s i z e .  

6.  A  m u l t i l a y e r   s i l v e r   h a l i d e   r e v e r s a l   c o l o r  

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

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

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

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

s i o n   l a y e r   i s   in   t h e   r a n g e   of   0 .2   to  1 .0   as  e x p r e s s e d   i n  

t e r m s   of  l o g a r i t h m .  

7.  A  m u l t i l a y e r   s i l v e r   h a l i d e   r e v e r s a l   c o l o r  

p h o t o g r a p h i c   m a t e r i a l   as  c l a i m e d   in  C l a i m   6,  w h e r e i n   t h e  

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

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

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

in  t h e   r a n g e   of  0 .3   to   0 .8   as  e x p r e s s e d   in  t e r m s   of  l o g a -  



r i t h m .  

8.  A  m u l t i l a y e r   s i l v e r   h a l i d e   r e v e r s a l   c o l o r  

p h o t o g r a p h i c   m a t e r i a l   as  c l a i m e d   in  one  of   t he   p r e c e d i n g  

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

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

e m u l s i o n   l a y e r   and  a n o t h e r   or  one  of  o t h e r   low  p h o t o -  

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

0.3  to  1 .5  as  e x p r e s s e d   in  t e r m s  o f   l o g a r i t h m .  

9.  A  m u l t i l a y e r   s i l v e r   h a l i d e   r e v e r s a l   c o l o r  

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

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

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

l a y e r s   i s   in   t h e   r a n g e   of  0.3  to   1.5  as  e x p r e s s e d   i n  

t e r m s   of   l o g a r i t h m .  
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