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@  Light-sensitive  color  photographic  material. 

©  There  is  disclosed  a  silver  halide  light-sensitive  color  pho- 
tographic  material  which  comprises  a  support  and  coated 
thereon  a  light-sensitive  layer  containing  a  compound  which, 
upon  reaction  with  an  oxidized  color  developing  agent,  es  ca- 
pable  of  releasing  a  diffusible  development  inhibitor  and  a  neg- 
ative  type  light-sensitive  silver  halide  emulsion  containing  light- 
sensitive  silver  halide  crystals  essentially  consisting  of  mono- 
dispersed  silver  halide  crystals  of  which  size  distribution  satis- 
fies  the  following  relation: 

N  
^   S/r  £0.15 

a   wherein 
®  S  =  /ETr-n)2ni8)/Zn,)and 
@0  f=  Z  nin/  2  "i  in  which 

@@*  rj  represents  the  crystal  size  of  individual  silver  halide  crystals 
(0  and  n,  represents  the  number  of  crystals. 
Q|  The  light-sensitive  color  photographic  material  of  the  pre- 

sent  invention  provides  an  image  of  remarkably  improved 
O  sharpness. 
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LIGHT-SENSITIVE  COLOR  PHOTOGRAPHIC  MATERIAL 

Thi s   i n v e n t i o n   r e l a t e s   to  a  s i l v e r   h a l i d e   l i g h t - s e n s i t i v e  
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 ,   and  more  p a r t i c u l a r l y   to  a 
n o v e l   s i l v e r   h a l i d e   l i g h t - s e n s i t i v e   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   e x h i b i t i n g   an  i m p r o v e d   image  s h a r p n e s s .  

5  G e n e r a l l y ,   in  the   c a s e   of  a  m u l t i - l a y e r   l i g h t - s e n s i t i v e   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 ,   i t   is  r e q u i r e d   t h a t   the   image  c o n t o u r  
is  s h a r p   and  a  s m a l l   image  is  e x p r e s s e d   c l e a r l y ;   t h u s   t h e  
image   s h a r p n e s s   s h o u l d   be  h i g h .   In  p a r t i c u l a r ,   a  n e g a t i v e  
t y p e   l i g h t - s e n s i t i v e   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   used   as  a n  

10  i n t e r m e d i a t e   medium  for   o b t a i n i n g   an  e n l a r g e d   p r i n t e d   i m a g e  
s h o u l d   e x h i b i t   a  h igh   s h a r p n e s s   to  a l l o w   for   e n l a r g i n g  
m a g n i f i c a t i o n .   This   r e q u i r e m e n t   has  r e c e n t l y   become  m o r e  
i m p o r t a n t   as  c a m e r a s   become  s m a l l e r   and  the   s i z e   of  the   i m a g e  
fo rmed   on  the   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   is  r e d u c e d .  

15  For  the   p u r p o s e   of  i m p r o v i n g   the   s h a r p n e s s ,   i t   has  b e e n  
p r o p o s e d   in  J a p a n e s e   P r o v i s i o n a l   P a t e n t   P u b l i c a t i o n  
Nos.  1 1 7 0 3 2 / 1 9 7 6   and  1 1 5 2 1 9 / 1 9 7 7   to  r e d u c e   the   amount   of  t h e  
s i l v e r   h a l i d e s   by  u s i n g   a  n o v e l   t w o - e q u i v a l e n t   c o u p l e r .   I t  
has  been  p r o p o s e d   in  J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  2 6 1 3 4 /  

20  1974  to  add  s u b s t a n t i a l l y   i n s e n s i t i v e   s i l v e r   h a l i d e s  

h a v i n g   a  s i z e   of  0 .2 | i   or  l e s s   to  a  s i l v e r   h a l i d e   e m u l s i o n  
•having   an  a v e r a g e   c r y s t a l   s i z e   b e t w e e n   0  .  3|x  and  3|x.  F u r t h e r ,  
i t   is   d i s c l o s e d   in  U.S.   P a t e n t   No.  3,  658,   536  to  p o s i t i o n   p a r t  
of  the   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   be low  the   g r e e n -   o r  

25  r e d - s e n s i t i v e   emulsion  l aye r ,   thereby  minimizing  the  i n f l uence   of  l i g h t  

s c a t t e r i n g   on  the   g r e e n -   or  r e d - s e n s i t i v e   l a y e r   and  i m p r o v i n g  
the   s h a r p n e s s .   I t   has  a l s o   been  p r o p o s e d   in  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   No.  3 7 0 1 8 / 1 9 7 8   to  a p p l y   p a r t   of  the   g r e e n -  
s e n s i t i v e   l a y e r   as  the   u p p e r m o s t   l a y e r .   On  the  other  hand,  as  

30  desc r ibed   in  Japanese  P r o v i s i o n a l   Patent   P u b l i c a t i o n   Nos.  139522/1978 
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and  77327/1976,  an  acid  dye  can  be  used  for  a  l i g h t - s e n s i t i v e  

m a t e r i a l   f o r   8  mm  m o v i e   f i l m s   as  an  i r r a d i a t i o n   p r e v e n t -  

ing   dye  f o r   i m p r o v i n g   t h e   s h a r p n e s s .   I t   i s   a l s o   k n o w n  

to  i m p r o v e   t h e   s h a r p n e s s   by  p r o v i d i n g   an  a n t i h a l a t i o n  

5  c o a t i n g   as  d e s c r i b e d   in  J a p a n e s e   P r o v i s i o n a l   P a t e n t  

P u b l i c a t i o n   Nos.   4 6 1 3 3 / 1 9 7 5 ,   1 1 7 1 2 2 / 1 9 7 7   and  5 6 2 4 / 1 9 7 8 .  

These  t echn iques   are  in tended  to  achieve  an  improvement  in  t h e  

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

t i o n   (MTF)  c u r v e   by  r e d u c i n g   the   l i g h t   s c a t t e r i n g   in   t h e  

10  l a t e r a l   d i r e c t i o n .   T h e s e   known  t e c h n i q u e s   can   c o n -  

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

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

i r r a d i a t i o n   p r e v e n t i n g   dye  or  an  a n t i h a l a t i o n   c o a t i n g  

i s   u s e d .  

15  I t   i s   a l s o   known  t h a t   t h e   s h a r p n e s s   can   be  i m p r o v e d   b y  

u t i l i z i n g   the  adjacency  e f f e c t   of  a  c e r t a i n   type  of  d i f f u s i n g  

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

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

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

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

l i g h t - s e n s i t i v e   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 .   To  a c h i e v e  

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

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

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

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

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

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

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

w h i c h   c o u p l e   w i t h   an  o x i d i z e d   p r o d u c t   of  a  c o l o r   d e v e l o p i n g  

a g e n t   to  form  a  dye   and  r e l e a s e   a  d e v e l o p m e n t   i n h i b i t o r  

( h e r e i n a f t e r   r e f e r r e d   to  as  t h e   DIR  c o u p l e r s )   as  d i s c l o s e d  

in  U.S .   P a t e n t   N o ' s .   3 , 1 4 8 , 0 6 2   and  3 , 2 2 7 , 5 5 4 ,   and  c o m p o u n d s  

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

by  c o u p l i n g   w i t h   an  o x i d a t i o n   p r o d u c t   of  a  c o l o r   d e v e l o p i n g  

a g e n t   ( h e r e i n a f t e r   r e f e r r e d   to  as  t h e   DIR  s u b s t a n c e s )   a s  

d i s c l o s e d   in  U .S .   P a t e n t   No.  3 , 6 3 2 , 3 4 5 .   (Both   DIR  c o u p l e r s  

and  DIR  s u b s t a n c e s   a r e   r e f e r r e d   to  as  t he   DIR  c o m p o u n d s ) .  

15  The  a d j a c e n c y   e f f e c t s   of  t h e   d i f f u s i n g   d e v e l o p m e n t  

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

many  p u b l i c a t i o n s   i n c l u d i n g   the   a b o v e - m e n t i o n e d   U . S .  

P a t e n t s .  

F u r t h e r ,   J a p a n e s e   P r o v i s i o n a l   P a t e n t   P u b l i c a t i o n   N o s .  

20  8 2 4 2 4 / 1 9 7 7   and  1 1 7 6 2 7 / 1 9 7 7   d i s c l o s e   n o v e l   DIR  c o u p l e r s  

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

H b w e v e r ,   t h e s e   p u b l i c a t i o n s   do  no t   d e s c r i b e   a  t e c h n i q u e   f o r  

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

DIR  c o u p l e r s .   As  d e s c r i b e d   a b o v e ,   a l t h o u g h   i t   i s   k n o w n  

25  t h a t   t he   a d j a c e n c y   e f f e c t   of  t h e   d i f f u s i n g   d e v e l o p m e n t  

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

s h a r p n e s s ,   t he   d e g r e e   of  i m p r o v e m e n t   in  t he   s h a r p n e s s   i s  

s t i l l   u n s a t i s f a c t o r y ,   and  a  need   e x i s t s   fo r   a  f u r t h e r  

i m p r o v e m e n t   in  t h e   s h a r p n e s s .  

In  our  e a r l i e r - f i l e d   E u r o p e a n   S p e c i f i c a t i o n   0 0 6 3 9 6 2   t h e r e  

a r e   d e s c r i b e d   l i g h t - s e n s i t i v e   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 s  

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

s i l v e r - h a l i d e   c r y s t a l s .  

The  p r i m a r y   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   is   t o  

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

5  m a t e r i a l   e x h i b i t i n g   a  r e m a r k a b l y   i m p r o v e d   s h a r p n e s s .  

A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   a  s i l v e r   h a l i d e   l i g h t - s e n s i t i v e   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   e x h i b i t i n g   an  e n h a n c e d   a d j a c e n c y   e f f e c t   of  t h e  

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

10  by  use   of  th  DIR  c o m p o u n d s .  

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   a  s i l v e r   h a l i d e  

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

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

15  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   c o n t a i n i n g   a  

m a g e n t a   c o u p l e r   and  (c)  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   c o n t a i n i n g   a  cyan   c o u p l e r ,   a t   l e a s t   one  o f  

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

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

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

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

S / r   <  0 . 1 5  

S  =  / Z ( r - r i ) 2 n i ^ n i  

r  =  I n . r . / E i ^  

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

25  c r y s t a l s   and  n.  d e s i g n a t e s   t h e   number   of  t h e   c r y s t a l s ,   a n d  

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   c o m p r i s i n g   t h e   m o n o -  

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

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

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

30  i n h i b i t o r ,   s a i d   compound   h a v i n g   t h e   f o r m u l a :  
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A  -  TIME  -  Z 

w h e r e i n   A  r e p r e s e n t s   a  r e s i d u e   c a p a b l e   of  r e l e a s i n g   Z  u p o n  
r e a c t i o n   w i t h   an  o x i d i z a t i o n   p r o d u c t   of  a  c o l o r   d e v e l o p i n g  
a g e n t   and  Z  r e p r e s e n t s   a  s p l i t - o f f   r e s i d u e   w h i c h ,   u p o n  

5  r e a c t i o n   of  t h e   compound   w i t h   t h e   o x i d i z e d   c o l o r   d e v e l o p i n g  
a g e n t ,   f o r m s   a  d e v e l o p m e n t   i n h i b i t o r ,   and  TIME  r e p r e s e n t s   a  
d i v a l e n t   g r o u p   c a p a b l e   of  r e t a r d i n g   the   r e l e a s e   of  Z.  

In  t he   p r e s e n t   i n v e n t i o n ,   t he   t e r m   " n e g a t i v e   t y p e  
s i l v e r   h a l i d e   e m u l s i o n "   is   u s e d   to  c o n t r a s t   w i t h   t h e  

10  s o - c a l l e d   " d i r e c t   p o s i t i v e   e m u l s i o n " ;   in  o t h e r   w o r d s   t h e  
n e g a t i v e   t y p e   s i l v e r   h a l i d e   e m u l s i o n   means   such   an  e m u l s i o n  
t h a t   p r o d u c e s   a  s i l v e r   image   when  e x p o s e d   and  t h e n  

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

s i t y   of  t h e   o b j e c t .  

The  p r e s e n t   i n v e n t i o n   i s   c h a r a c t e r i z e d   by  e n h a n c i n g   t h e  

e d g e   e f f e c t ,   n a m e l y   t h e   d i f f e r e n c e   in  t h e   a d j a c e n c y  

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

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

a t   t h e   b o u n d a r y   b e t w e e n   t h e   e x p o s e d   and  u n e x p o s e d   a r e a s .  

The  i n v e n t o r s   have  s tud ied   the  advantages   and  u t i l i t y   of  t h e  

u s e   of  DIR  c o m p o u n d s   and  h a v e   f o u n d   t h a t   t h e   e d g e   e f f e c t  

10  can   be  e n h a n c e d   and  t h e   s h a r p n e s s   can  be  i m p r o v e d   to   a  

h i g h e r   d e g r e e   as  t h e   d i f f e r e n c e   b e t w e e n   t h e   gamma  ( y )  

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

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

i s   r e l e a s e d   and  in   t h e   a r e a   w h e r e   i t   i s   n o t   r e l e a s e d  

15  d u r i n g   t h e   c o l o r   d e v e l o p m e n t   i n c r e a s e s .   The  gamma  ( y )  

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

g r a p h i c   m a t e r i a l ,   as  d e f i n e d   in   " S h a s h i n   K a g a k u "   ( P h o t o -  

g r a p h i c   C h e m i s t r y )   by  S h i n - i c h i   K i k u c h i ,   K y o r i t s u  

S h u p p a n ,   page   9 0 .  

20  N o r m a l l y ,   s i l v e r   h a l i d e   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 s  

' h a v e   gamma  v a l u e s   s u i t a b l e   f o r   t h e i r   a p p l i c a t i o n s .   I n  

o r d e r   to   o b t a i n   a  d e s i r e d   gamma  v a l u e   and  y e t   i n c r e a s e  

t h e   d i f f e r e n c e   b e t w e e n   t h e   gamma  c h a r a c t e r i s t i c s   of  t h e  

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

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

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

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

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

i n h i b i t o r   i s   n o t   r e l e a s e d .  

30  The  i n v e n t o r s   have  f u r t h e r   s tud ied   how  to  i n c r e a s e   the  gamma 

v a l u e   of  an  e m u l s i o n   c o n t a i n i n g   no  DIR  c o m p o u n d ,   a n d  

h a v e   f o u n d   t h a t   an  e m u l s i o n   h a v i n g   a  h i g h e r   gamma  v a l u e  
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can  be  o b t a i n e d   i f   t h e   u n i f o r m i t y   of  t h e   c r y s t a l   s i z e  
in  t h e   e m u l s i o n   i s   i n c r e a s e d .  

In  t h e   p a s t ,   i t   was  t h e   g e n e r a l   p r a c t i c e   to   add  a  D I R  

c o m p o u n d   to  t h e   e m u l s i o n   so  as  to  o b t a i n   d e s i r e d   gamma 
5  c h a r a c t e r i s t i c s   in   t h e   s i l v e r   h a l i d e   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 o w e v e r ,   i t   i s   d i f f i c u l t   to   c o n t r o l   t h e  

gamma  c h a r a c t e r i s t i c s   w i t h   a  DIR  compound   i f   t h e   g a m m a  
v a l u e   of  t h e   e m u l s i o n   b e f o r e   t h e   a d d i t i o n   of  t h e   D I R  

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

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

good  l i n e a r i t y .   F u r t h e r ,   d e s e n s i t i z a t i o n   o c c u r s   b e c a u s e  
t h e   a m o u n t   of  t h e   DIR  compound   u s e d   m u s t   be  i n c r e a s e d .  
For   t h e s e   r e a s o n s ,   in   t h e   c o n v e n t i o n a l   s i l v e r   h a l i d e  

15  l i g h t - s e n s i t i v e   m a t e r i a l ,   i t   was  i m p o s s i b l e   to   i n c r e a s e  
t h e   gamma  v a l u e   of  t h e   e m u l s i o n   c o n t a i n i n g   no  D I R  

c o m p o u n d   . 

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

20  c o n t a i n s   an  e m u l s i o n   h a v i n g   u n i f o r m   c r y s t a l   s i z e ,   w a s  
n o t   p u t   i n t o   p r a c t i c a l   u s e   f o r   t h e   r e a s o n   t h a t ,   w i t h  
s u c h   an  e m u l s i o n ,   a  d e s i r e d   gamma  c h a r a c t e r i s t i c   c a n n o t  
be  o b t a i n e d   w i t h o u t   a d v e r s e l y   a f f e c t i n g   t h e   p h o t o g r a p h i c  
c h a r a c t e r i s t i c s   o t h e r   t h a n   g a m m a .  

25  H o w e v e r ,   i t   has   b e e n   u n e x p e c t e d l y   f o u n d   t h a t ,   i f   t h e  

c r y s t a l   s i z e   of  t h e   e m u l s i o n   is   u n i f o r m ,   i t   i s   p o s s i b l e  
to  o b t a i n   d e s i r e d   gamma  c h a r a c t e r i s t i c s   and  c o n s i d e r -  

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

t i o n   even   when  t h e   a m o u n t   of  t h e   DIR  c o m p o u n d   i s  

30  i n c r e a s e d   f o r   t h e   p u r p o s e   of  o b t a i n i n g   a  d e s i r e d   gamma 
c h a r a c t e r i s t i c   . 

Thus ,   i t   has  been  found   t h a t ,   as  the   u n i f o r m i t y   o f  



0 0 2 6 5 5 9 0  

-  8  -  

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

p o s s i b l e   to   i n c r e a s e   t h e   d i f f e r e n c e   b e t w e e n   t h e   gamma 

c h a r a c t e r i s t i c s   of  t h e   c o l o r   i m a g e s   in   t h e   a r e a   w h e r e   a  

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

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

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

c h a r a c t e r i s t i c s   s u c h   as  d e s e n s i t i z a t i o n ,   and  to   i m p r o v e  

t h e   s h a r p n e s s   to   a  h i g h e r   d e g r e e .  

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

10  means   an  e m u l s i o n   c o n t a i n i n g   l i g h t - s e n s i t i v e   s i l v e r  

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

of  w h i c h   r a t i o   of  t h e   s t a n d a r d   d e v i a t i o n   S  ( d e f i n e d  

b e l o w )   a g a i n s t   t h e   a v e r a g e   c r y s t a l   s i z e   r  i s   n o t   g r e a t e r  

t h a n   0 . 1 5 :  

15  r —   7 T ~  
=  

/ s ( r - r . ) 2 n .  

In  t h e   p r e s e n t   i n v e n t i o n   s u c h   m o n o d i s p e r s e d   e m u l s i o n  

h a v i n g   S / f   0 . 10   or  l e s s   is   p r e f e r a b l e   for   o b t a i n i n g  

a  more  e n h a n c e d   s h a r p n e s s   e f f e c t .  

The  a v e r a g e   c r y s t a l   s i z e   r  means  the   a v e r a g e   d i a m e t e r  

20  of  s i l v e r   ha l ide   c r y s t a l s   when  they  are  s p h e r i c a l .   When  the  c r y s t a l s  

are  not  s p h e r i c a l ,   t h e i r   p r o j e c t e d   images  are  conver ted   to  c i r c u l a r  

images  of  the  same  area,   and  the  average  of  the  d iamete rs   of  the  . 

c i r c u l a r   images  is  taken  as  the  average  c r y s t a l   s i ze .   The  a v e r a g e  

c r y s t a l   size  is   def ined  by:  . 

25  -  _  I n . r .  

where   r._  d e s i g n a t e s   the   c r y s t a l   s i z e s   of  i n d i v i d u a l  

c r y s t a l s   and  r^  d e s i g n a t e s   t he   number   of  c r y s t a l s .  
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In  t h e   p r e s e n t   i n v e n t i o n ,   t h e   a v e r a g e   c y r s t a l   s i z e   r  i s  

p r e f e r a b l y   from  0 .3\ l   to  1.5 |_l .  

For   t h e   p u r p o s e   of  w i d e n i n g   t h e   e x p o s u r e   l a t i t u d e ,   t w o  

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

5  may  be  m i x e d   t o g e t h e r .   In  t h e   p r e s e n t   i n v e n t i o n ,   i t   i s  

p r e f e r a b l e   t h a t   two  or  more   k i n d s   of  m o n o d i s p e r s e d   e m u l -  

s i o n s   w h i c h   a r e   a d e q u a t e l y   s e n s i t i z e d   may  be  used   in  '  

a d m i x t u r e   w i th   one  a n o t h e r .  

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

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

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

is   p r e s u m a b l y   a t t r i b u t a b l e   to   t h e   f a c t   t h a t   t h e   p h o t o -  

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

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

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

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

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

c o l o r   d e v e l o p m e n t .  

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

20  ,  may  be  t h e   s o - c a l l e d   t w i n n e d   c r y s t a l s   h a v i n g   i r r e g u l a r  

c r y s t a l   h a b i t   s u c h   as  a  p l a t e - l i k e   s h a p e ,   or  may  be  of  a  

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

d e c a h e d r o n   and  s p h e r i c a l   as  l ong   as  the   s i z e   d i s t r i b u t i o n  

of  t h e   c r y s t a l s   s a t i s f y   the   a b o v e - m e n t i o n e d   r e l a t i o n .   P r e -  

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

o c t a h e d r a l   a n d / o r   t e t r a d e c a h e d r a l   s h a p e d   c r y s t a l s  

are  used.  The  s i l v e r   h a l i d e   c r y s t a l s   may  be  of  t h e   s o -  

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

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

30  d i f f e r   b e t w e e n   t h e   c o r e   and  t h e   s h e l l   p o r t i o n s   of  t h e  

c r y s t a l .  

The  s i l v e r   h a l i d e   c r y s t a l s   used  in  the  i nven t ion   may  c o n s i s t  
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of  s i l v e r   c h l o r i d e ,   s i l v e r   b r o m i d e ,   s i l v e r   i o d i d e ,   o r  
a  c o m b i n a t i o n   t h e r e o f   s u c h   as  s i l v e r   c h l o r o b r o m i d e ,  
s i l v e r   i o d o b r o m i d e ,   s i l v e r   c h l o r o i o d i d e ,   s i l v e r   c h l o r o -  
i o d o b r o m i d e   or   t h e   l i k e .   P r e f e r a b l y ,   t h e   s i l v e r   i o d o -  

5  b r o m i d e   c r y s t a l s   a r e   u s e d .  

In  t h e   p r e s e n t   i n v e n t i o n ,   i t   i s   s u f f i c i e n t   t h a t   t h e  
s i l v e r   h a l i d e   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   has   a t   l e a s t  
one  s i l v e r   h a l i d e   l i g h t - s e n s i t i v e   e m u l s i o n   l a y e r   c o n -  
t a i n i n g   a t   l e a s t   one  DIR  compound   and  a  s i l v e r   h a l i d e  

10  l i g h t - s e n s i t i v e   e m u l s i o n   w h i c h   i s   a  m o n o d i s p e r s e d  
e m u l s i o n   or  a  m i x t u r e   of  m o n o d i s p e r s e d   e m u l s i o n s .  

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

15  t y p e   s i l v e r   h a l i d e   c r y s t a l s   h a v i n g   t h e   same  s p e c t r a l  
s e n s i t i v i t y   i s   c o n s t i t u t e d   by  a t   l e a s t   two  n e g a t i v e  
t y p e   s i l v e r   h a l i d e   e m u l s i o n   l a y e r s   h a v i n g   d i f f e r e n t  
l i g h t   s e n s i t i v i t i e s .  

I t   i s   p r e f e r a b l e   t h a t   t h e   u p p e r   l a y e r ,   v i e w e d   f rom  t h e  
20  s u b s t r a t e ,   has   a  l i g h t   s e n s i t i v i t y   h i g h e r   t h a n   t h a t   o f  

t h e   l o w e r   l a y e r .   F u r t h e r ,   in  t h e   p r e s e n t   i n v e n t i o n ,  
i t   i s   p r e f e r a b l e   t h a t   t h e   a t   l e a s t   two  l a y e r s   e a c h  
h a v i n g   t he   same  s p e c t r a l   s e n s i t i v i t y   have   t h e   a v e r a g e  
c r y s t a l   s i z e s   of  t h e   s i l v e r   h a l i d e   c r y s t a l s   d i f f e r e n t  

25  f rom  each   o t h e r .   For   e x a m p l e ,   i t   i s   p r e f e r a b l e   t h a t  
t h e   a v e r a g e   c r y s t a l   s i z e   of  t h e   s i l v e r   h a l i d e   c r y s t a l s  
c o n t a i n e d   in   t h e   e m u l s i o n   l a y e r   h a v i n g   a  h i g h e r   l i g h t  
s e n s i t i v i t y   i s   in  t h e   r a n g e   b e t w e e n   0 . 5 y   and  1 . 5 u ,   w h i l e  
t h a t   in  t he   e m u l s i o n   l a y e r   h a v i n g   a  l o w e r   l i g h t   s e n s i -  

30  t i v i t y   is   in  t h e   r a n g e   b e t w e e n   0 .3p   and  0 . 8 y  
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i t   is   p r e f e r a b l e   t h a t   a t   l e a s t   t h e   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   s a t i s f i e s   t he   a f o r e s a i d   c o n d i t i o n s  
in  t he   l i g h t   of  r e l a t i v e   l u m i n o s i t y   c u r v e   of  t h e   human  e y e ;  
i . e . ,   the   eye  of  a  p e r s o n   has   t he   h i g h e s t   s e n s i t i v i t y   t o  

5  g r e e n   l i g h t   among  t h e   v i s i b l e   r a y s .   F u r t h e r ,   when  t h e  
b l u e - ,   g r e e n -   and  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 s  
r e s p e c t i v e l y   c o m p r i s e   a  p l u r a l i t y   of  l a y e r s   h a v i n g  
d i f f e r e n t   s e n s i t i v i t i e s ,   i t   is   p r e f e r a b l e   t h a t   a t   l e a s t   o n e  
of  t he   l a y e r s   s a t i s f i e s   t h e   a f o r e s a i d   c o n d i t i o n s ,   and  m o r e  

10  p r e f e r a b l y   a t   l e a t   t he   e m u l s i o n   h a v i n g   a  l o w e r   s e n s i t i v i t y  
s a t i s f y   t he   a f o r e s a i d   c o n d i t i o n s .   A c c o r d i n g   to  t he   m o s t  
p r e f e r a b l e   e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n   a l l   of  t h e  
b l u e - ,   g r e e n -   and  r e d - s e n s i t i v e   l a y e r s   s a t i s f y   t h e  
a f o r e s a i d   c o n d i t i o n s .  

15  The  DIR  c o m p o u n d s   used   in  t he   p r e s e n t   i n v e n t i o n  

a r e   r e p r e s e n t e d   by  the   f o l l o w i n g   g e n e r a l   f o r m u l a   (B)  : 

A  z  (B) 
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E x a m p l e s   of  t h e   DIR  s u b s t a n c e s   r e p r e s e n t e d   by  t h e  

g e n e r a l   f o r m u l a   (B)  a r e   d e s c r i b e d   e . g .   in  U .S .   P a t e n t   N o s .  

3 , 9 5 8 , 9 9 3 ,   3 , 9 6 1 , 9 5 9   and  3 , 9 3 8 , 9 9 6 ,   J a p a n e s e   P r o v i s i o n a l  

P a t e n t   P u b l i c a t i o n   Nos.   1 4 7 7 1 6 / 1 9 7 5 ,   1 5 2 7 3 1 / 1 9 7 5 ,  

5  1 0 5 8 1 9 / 1 9 7 6 ,   6 7 2 4 / 1 9 7 6 ,   4 6 8 1 7 / 1 9 7 7 ,   and  4 9 0 3 0 / 1 9 7 7   and  U . S .  

P a t e n t   Nos .   3,  9 2 8 , 0 4 1   and  3 , 6 3 2 , 3 4 5 .   S y n t h e s e s   t h e r e o f  

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

E x a m p l e s   of  t h e s e   c o m p o u n d s   a r e   shown  b e l o w .  

H o w e v e r ,   t he   c o m p o u n d s   u s e d   in  t h e   p r e s e n t   i n v e n t i o n   a r e  

10  no t   l i m i t e d   to  t h e s e   c o m p o u n d s .  

E x a m p l e s   of  t h e s e   c o m p o u n d s :  
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I t   i s   p r e f e r a b l e   t h a t   t he   DIR  c o m p o u n d s   used   in  t h e  

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

p r o d u c t   of  a  c o l o r   d e v e l o p i n g   a g e n t .   In  a  p a r t i c u l a r  

e m u l s i o n ,   t he   DIR  c o m p o u n d s   e x h i b i t i n g   the   same  d e s i r e d  

5  gamma  c h a r a c t e r i s t i c   w i t h   a  s m a l l e r   amoun t   t h a n   D - 1 0 3  

d e s c r i b e d   above   can  g i v e   a  h i g h   s h a r p n e s s   i m p r o v   ement   e f f e c t  

and  t h e r e f o r e   a re   p a r t i c u l a r l y   p r e f e r a b l e   fo r   the   p u r p o s e  

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

The  amoun t   of  the   DIR  compound   used   in  the   l i g h t - s e n s i t i v e  

10  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   in  a c c o r d a n c e   w i t h   t he   p r e s e n t  

i n v e n t i o n   may  a l t e r   d e p e n d i n g   on,  e . g ,   the   d e s i r e d   gamma 

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

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

and  the   c r y s t a l   s i z e .   P r e f e r a b l y ,   the   p r o p o r t i o n   of  t h e  

15  DIR  compound   is   in  the   r a n g e   0 .001   to  0 . 0 2   mo les   per   m o l e  

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

compound   . 

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

is   used   fo r   the   d e v e l o p m e n t   of  a  s i l v e r   h a l i d e   l i g h t -  

20  s e n s i t i v e   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   may  be  u s e d .   F o r  

e x a m p l e ,   a r o m a t i c   p r i m a r y   a m i n e s   such   as  p - p h e n y l e n e -  

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

l i t e r a t u r e   1  can  be  u s e d .  

The  DIR  compound   can  be  i n c o r p o r a t e d   in  the   l i g h t - s e n s i t i v e  

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

i n v e n t i o n .   When  the   DIR  compound   is   s o l u b l e   in  an  a l k a l i ,  

i t   may  be  added   in  t he   form  of  an  a l k a l i n e   s o l u t i o n .   When 

i t   is   s o l u b l e   in  an  o i l ,   i t   is   p r e f e r a b l y   d i s s o l v e d   in  a 

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

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

according   to  the  procedures   desc r ibed   in  U.S.  Pa tent   Nos.  2 , 3 2 2 , 0 2 7 ,  
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2 , 8 0 1 , 1 7 0 ,   2 , 8 0 1 , 1 7 1 ,   2 , 2 7 2 , 1 9 1   and  2 , 3 0 4 , 9 4 0 .   In  t h i s  

c a s e ,   i t   is   a l s o   p o s s i b l e   to  a d d i t i o n a l l y   add  a  c o u p l e r ,  
a  h y d r o q u i n o n e   d e r i v a t i v e ,   an  u l t r a   v i o l e t   a b s o r b e r   or  a 

d i s c o l o r a t i o n   p r e v e n t i n g   a g e n t ,   for   e x a m p l e ,   as  r e q u i r e d .  

5  I t   is   a l s o   p o s s i b l e   to  use  a  m i x t u r e   of  two  or  more  DIR 

c o m p o u n d s .   In  the   i n c o r p o r a t i o n   of  t he   DIR  c o m p o u n d s   i n t o  
the   l i g h t - s e n s i t i v e   m a t e r i a l ,   one  or  more  DIR  c o m p o u n d s  

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

10  or  an  u l t r a   v i o l e n t   ray  a b s o r b e r ,   for   e x a m p l e ,   as  r e q u i r e d  
in  a  h i g h   b o i l i n g   p o i n t   s o l v e n t   such  as  an  o r g a n i c   a c i d  

a m i d e ,   a  c a r b a m a t e ,   an  e s t e r ,   a  k e t o n e   or  a  u r e a   d e r i v a t i v e ,  

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

15  s e b a c a t e ,   t r i - n - h e x y l   p h o s p h a t e ,   N  ,  N - d i - e   t h y l - c a p r y l a m i d e  
b u t y l ,   N , N - d i e t h y l - l a u r y l a m i d e ,   n - p e n t a d e c y l   e t h e r ,   d i - o c t y l  
p h t h a l a t e ,   n - n o n y l   p h e n o l ,   3 - p e n t a d e c y l   p h e n y l   e t h y l   e t h e r ,  
2  ,  5 - d i - s e c - a m y l   p h e n y l   b u t y l   e t h e r ,   m o n o - p h e n y l - d i - o -  

c h l o r o p h e n y l   p h o s p h a t e ,   or  a  f  l u o r o p a r a f   f  in  ,  i f   n e c e s s a r y ,  
20  t o g e t h e r   w i t h   a  low  b o i l i n g   p o i n t   s o l v e n t   such  as  m e t h y l  

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

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

25  d i m e t h y l   formamide  ,  d i o x a n e   or  m e t h y l   e t h y l   k e t o n e   ( t h e s e  

h i g h -   and  l o w - b o i l i n g   p o i n t   s o l v e n t s   may  be  used   a l o n e   o r  
in  a d m i x t u r e   t h e r e o f ) .   The  s o l u t i o n   t h u s   f o rmed   may  b e  
mixed   w i t h   an  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  h y d r o p h i l i c  
b i n d e r   such   as  g e l a t i n   and  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  

30  such   as  a l k y l b e n z e n e - s u l f   o n a t e   or  a l k y l n a p h t h a l e n e s u l f o n a t e  
a n d / o r   a  n o n i o n i c   s u r f a c e   a c t i v e   a g e n t   such  as  s o r b i t a n  

s e s q u i o l e a t e   or  s o r b i t a n   monolaura te . '   The  mixture  thus  obta ined  may 
t h e n   be  e m u l s i f i e d   and  d i s p e r s e d   in  a  h i g h - s p e e d   r o t a t -  

ing  m i x e r ,   c o l l o i d   m i l l   or  s u p e r s o n i c   d i s p e r s i n g   u n i t ,   f o r  
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e x a m p l e ,   and  added   to  the   s i l v e r   h a l i d e   e m u l s i o n .  

F u r t h e r ,   DIR  c o m p o u n d   may  be  d i s p e r s e d   in  t h e   p h o t o -  

s e n s i t i v e   m a t e r i a l   by  a  l a t e x   d i s p e r s i n g   m e t h o d .   T h e  

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

5  f o r   e x a m p l e   in   J a p a n e s e   P r o v i s i o n a l   P a t e n t   P u b l i c a t i o n  

Nos.   7 4 5 3 8 / 1 9 7 4 ,   5 9 9 4 3 / 1 9 7 6   and  3 2 5 5 2 / 1 9 7 9   and  " R e s e a r c h  

D i s c l o s u r e " ,   A u g u s t   1 9 7 6 ,   No.  1 4 8 5 0 ,   p a g e s   7 7 - 7 9 .  

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

and  t e r p o l y m e r s   of  m o n o m e r s   such   as  s t y r e n e ,   e t h y l  

10  a e r y   l a t e ,   n - b u t y l   a c r y l a t e ,   n - b u t y l   m e t h a c r y l a t e   ,  2 -  

a c e t o a c e t o x y e t h y l   m e t h a c r y l a t e ,   2-  ( m e t h a c r y l o y l o x y )   -  

e t h y l t r i m e t h y l a m m o n i u m   s u l f a t e ,   s o d i u m   3-  ( m e t h a c r y l o y l -  

oxy)  p r o p a n e -   1 - s u l f o n a t e ,   N - i s o p r o p y l a c r y l a m i d e ,   N - [ 2 -  

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

15  m e t h y l p r o p a n e   s u l f o n a t e .   As  t h e   o i l - i n - w a t e r   t y p e  

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

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

c o u p l e r s   may  be  u s e d .   In  such   a  l a t e x   d i s p e r s i n g  

m e t h o d ,   t h e   DIR  c o m p o u n d   u s e d   in   t h e   p r e s e n t   i n v e n t i o n  

20  may  be  d i s p e r s e d   a t   t h e   same  t i m e   as  t h e   c o u p l e r   or  m a y  

be  s e p a r a t e l y   d i s p e r s e d   and  a d d e d   i n d e p e n d e n t l y .  

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

by  t h e   d e v e l o p m e n t   i n h i b i t o r   or  t h e   u n i t   l a y e r   b y  

f o r m i n g   one  or   more   s c a v e n g e r   l a y e r s   a t   a p p r o p r i a t e  

25  p o s i t i o n s   among  t h e   c o m p o n e n t   l a y e r s   of  t h e   p h o t o -  

s e n s i t i v e   m a t e r i a l .  

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

i n v e n t i o n ,   i . e .   t h e   compound   f o r m i n g   a  dye  by  t h e  

30  r e a c t i o n   w i t h   an  o x i d a t i o n   p r o d u c t   of  t he   c o l o r  

d e v e l o p i n g   a g e n t ,   i t   is  n e c e s s a r y   on ly   t h a t   i t   e x i s t s  

s u b s t a n t i a l l y   at  the  time  of  color  development .   The  coupler   may  be 
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c o n t a i n e d   in  t he   c o l o r   d e v e l o p i n g   s o l u t i o n   or  p r e f e r -  
a b l y   in   t h e   l i g h t - s e n s i t i v e   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 .  

G e n e r a l l y ,   t he   c o u p l e r   i s   c o n t a i n e d   in   t h e   l i g h t -  
s e n s i t i v e   l a y e r   of  t h e   l i g h t - s e n s i t i v e   c o l o r   p h o t o -  

5  g r a p h i c   m a t e r i a l .  

I f   t h e   c o u p l e r   is  s o l u b l e   in  a l k a l i ,   i t   may  be  a d d e d   i n  
t h e   fo rm  of  an  a l k a l i n e   s o l u t i o n .   I f   i t   i s   s o l u b l e   i n  
o i l ,   i t   may  be  a d d e d   in   t he   same  way  as  t h e   DIR  c o m p o u n d  
as  d e s c r i b e d   a b o v e .   The  c o u p l e r   may  e i t h e r   be  f o u r  

10  e q u i v a l e n t   or  two  e q u i v a l e n t   t y p e   w i t h   r e s p e c t   to   t h e  
s i l v e r   i o n .  

F u r t h e r ,   t h e   c o u p l e r   may  be  a  low  m o l e c u l a r   c o u p l e r   o r  
t h e   s o - c a l l e d   p o l y m e r i c   c o u p l e r .   The  c o u p l e r   may  b e  
any  of  t h e   known  p h o t o g r a p h i c   c o u p l e r s ,   p r e f e r a b l y   a -  

15  b e n z o y l a c e t a n i l i d e   y e l l o w   c o u p l e r ,   a - p i v a l o y l a c e t a n i l i d e  
y e l l o w   c o u p l e r ,   5 - p y r a z o l o n e   m a g e n t a   c o u p l e r ,   p y r a z o -  
l i n o b e n z i m i d a z o l e   m a g e n t a   c o u p l e r ,   p h e n o l   cyan  c o u p l e r  
or  n a p h t h o l   cyan   c o u p l e r .  

,  T y p i c a l   e x a m p l e s   of  t h e   - y e l l o w   c o u p l e r s ,   c y a n   c o u p l e r s  
20  and  m a g e n t a   c o u p l e r s   a r e   s e t   f o r t h   b e l o w .  

T y p i c a l   e x a m p l e s   of  t h e   a l p h a -   a c y l a c e t a m i d e   y e l l o w  
c o l o r   f o r m i n g   c o u p l e r s   u s e d   in  t h e   p r e s e n t   i n v e n t i o n  
a r e :  
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The  a l p h a - a c y l a c e t a m i d e   y e l l o w   c o l o r   f o r m i n g   c o u p l e r s  

can  be  p r e p a r e d   by  t h e   m e t h o d s   d e s c r i b e d   f o r   e x a m p l e  

in   West   German  Of  f e n l e g u n g s s c h r i f t   Nos  .  20  57  941  a n d  

21  63  812,   J a p a n e s e   P r o v i s i o n a l   P a t e n t   P u b l i c a t i o n   N o s .  

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

1 9 7 3 ,   1 2 2 9 / 1 9 7 4 ,   1 0 7 3 6 / 1 9 7 4 ,   3 4 2 3 2 / 1 9 7 5 ,   6 5 2 3 1 / 1 9 7 5 ,  

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

Nos.   3 , 2 2 7 , 5 5 0 ,   2 , 8 7 5 , 0 5 7   and  3 , 2 6 5 , 5 0 6 .  

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

10  may  be  c o n t a i n 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   l a y e r  

i n d i v i d u a l l y   or  as  a  m i x t u r e   of  two  or  more   c o u p l e r s .  

They  may  be  i n c o r p o r a t e d   by  c o n v e n t i o n a l   p r o c e d u r e   i n  

an  amoun t   f rom,   say,   1  to  30,  p r e f e r a b l y   5  to  30,  mole  ! 

of   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 .  

15  T y p i c a l   e x a m p l e s   of  t h e   cyan   c o u p l e r s   a r e :  
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The  cyan   f o r m i n g   c o u p l e r s   can   be  p r e p a r e d   by  t h e   m e t h o d s  

d e s c r i b e d   f o r   e x a m p l e   in   B r i t i s h   P a t e n t   No.  1 0 8 4 4 8 0 ,  

J a p a n e s e   P r o v i s i o n a l   P a t e n t   P u b l i c a t i o n   Nos .   1 1 7 4 2 2 / 1 9 7 5 ,  

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

5  They  a r e   c o n t a i n e d   a l o n e   or  in   c o m b i n a t i o n   in   t h e   s i l v e r  

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

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

c o u p l e r   as  d e s c r i b e d   in   U .S .   P a t e n t   No.  3 , 0 3 4 , 8 9 2 ,   e t c .  

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

10  amoun t   of,  s a y ,   1  to  30,  p r e f e r a b l y   5  to  30,  mole  % 

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 .  

E x a m p l e s   of  t h e   m a g e n t a   c o u p l e r s   u s e d   in   t h e   p r e s e n t  
i n v e n t i o n   a r e :  
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The  m a g e n t a   c o u p l e r s   u s e d   in   t he   p r e s e n t   i n v e n t i o n  

a l s o   i n c l u d e   t h o s e   d e s c r i b e d   for   e x a m p l e   in  U . S .  

P a t e n t   Nos .   3 , 3 1 1 , 4 7 6 ,   3 , 4 1 9 , 3 9 1 ,   3 , 8 8 8 , 6 8 0   a n d  

2 , 6 1 8 , 6 4 1 ,   Wes t   German  O f f e n l e g u n g s s c h r i f t   N o s .  

5  20  15  814,   23  57  102  and  23  57  122  and  Japanese   P r o v i s i o n a l  

P a t e n t   P u b l i c a t i o n   Nos.   1 2 9 5 3 8 / 1 9 7 4 ,   1 0 5 8 2 0 / 1 9 7 6 ,   1 2 5 5 5 /  

1 9 7 9 ,   4 8 5 4 0 / 1 9 7 9 ,   1 1 2 3 4 2 / 1 9 7 6 ,   1 1 2 3 4 3 / 1 9 7 6 ,   1 0 8 8 4 2 / 1 9 7 6  
and  5 8 5 3 3 / 1 9 7 7 .   The  m e t h o d s   of  p r e p a r i n g   them  a r e   a l s o  

d e s c r i b e d   in   t h e s e   l i t e r a t u r e s .  

10  The  m a g e n t a   f o r m i n g   c o u p l e r s   a re   c o n t a i n e d   a l o n e   or  i n  

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

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

U.S .   P a t e n t   No.  3 , 0 0 5 , 7 1 2 ,   e t c .   They  a r e   i n c o r p o r a t e d  

15  by  c o n v e n t i o n a l   p r o c e d u r e   in   an  a m o u n t   of,  s a y ,   1  to  25 

m o l e s   p e r   mole   of  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 .  

The  l i g h t - s e n s i t i v e   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   i n  

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

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

20  c o l o r a t i o n   p r e v e n t i n g   a g e n t   or  an  u l t r a   v i o l e t   a b s o r b e r ,  
fo r   e x a m p l e .  

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

p r e v e n t   fog   or  c o n t a m i n a t i o n   f rom  o c c u r r i n g   due  to   u n - .  

n e c e s s a r y   r e a c t i o n s   b e t w e e n   t h e   c o u p l e r s   and  an  o x i d a t i o n  

25  product   of  the  developing  agent  formed  by  o x i d a t i o n   with  air   o r  
t h e   l i k e .   The  c o l o r   c o n t a m i n a t i o n   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   f o r   e x a m p l e   in  U.S.   P a t e n t   Nos .   2 , 3 3 6 , 3 2 7 ,  

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

3 , 7 0 0 , 4 5 3 ,   B r i t i s h   P a t e n t   No.  891158  and  J a p a n e s e  

30  P r o v i s i o n a l   P a t e n t   P u b l i c a t i o n   No.  9 5 9 4 8 / 1 9 8 0  

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

f o r m i n g   d y e s   u s e d   in  t h e   p r e s e n t   i n v e n t i o n   may  be  t h o s e  
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d e s c r i b e d   f o r   e x a m p l e   in  U.S .   P a t e n t   Nos .   3 , 4 3 2 , 3 0 0 ,  
and  3 , 5 7 3 , 0 5 0   and  Japanese   P r o v i s i o n a l   P a t e n t   P u b l i c a t i o n  
Nos .   2 0 9 7 7 / 1 9 7 4 ,   3 1 2 5 6 / 1 9 7 3 ,   3 1 6 2 5 / 1 9 7 3 ,   1 7 7 2 9 / 1 9 7 8  
and  4 8 5 3 8 / 1 9 7 9 .  

5  The  u l t r a   v i o l e t   a b s o r b e r s   u s e d   in  t h e   p r e s e n t   i n v e n -  
t i o n   may  f o r   e x a m p l e   be  b e n z o t r i a z o l e   and  b e n z o p h e n o n e  
c o m p o u n d s   d e s c r i b e d   in   U.S .   P a t e n t   Nos .   3 , 0 0 4 , 8 9 6 ,  
3 , 2 5 3 , 9 2 1   and  3 , 7 0 5 , 8 0 5 ,   J a p a n e s e   P a t e n t   P u b l i c a t i o n  
No.  4 1 5 7 2 / 1 9 7 3   and  J a p a n e s e   P r o v i s i o n a l   P a t e n t   P u b l i -  

10  c a t i o n   No.  2 5 3 3 7 / 1 9 7 5 .  

The  s i l v e r   h a l i d e   c r y s t a l s   used  in  t h e   s i l v e r   h a l i d e  

l i g h t - s e n s i t i v e   p h o t o g r a p h i c   m a t e r i a l   in   a c c o r d a n c e  
w i t h   t h e   p r e s e n t   i n v e n t i o n   may  be  p r e p a r e d   by  t h e   a c i d  

p r o c e s s ,   n e u t r a l   p r o c e s s   or  ammonia   p r o c e s s .   I t   i s  

15  a l s o   p o s s i b l e   to   p r e p a r e   s e e d   c r y s t a l s   by  t h e   a c i d   p r o -  
c e s s ,   and  grow  them  up  to  t h e   p r e d e t e r m i n e d   s i z e   b y  
t h e   a m m o n i a   p r o c e s s   w h i c h   g i v e s   a  h i g h   g r o w t h   r a t e .  
When-  g r o w i n g   t h e   s i l v e r   h a l i d e   c r y s t a l s ,   i t   i s   d e s i r a b l e  
t h a t   t h e   pH,  pAg  -or  t h e   l i k e   in  t he   r e a c t o r   a r e   c o n -  

20  t r o l l e d ,   and  s i l v e r   i o n s   ' and  h a l i d e   i o n s   a r e   b o t h  
p o u r e d   s e q u e n t i a l l y   and  s i m u l t a n e o u s l y   and  m i x e d   i n  
g u a n t i t i e s   m a t c h i n g   t h e   g r o w t h   r a t e   of  s i l v e r   h a l i d e  

c r y s t a l s ,   as  d e s c r i b e d   i n ,   f o r   e x a m p l e ,   J a p a n e s e   P r o -  
v i s i o n a l   P a t e n t   P u b l i c a t i o n   No.  4 8 5 2 1 / 1 9 7 9   ( s o - c a l l e d  

25  d o u b l e   j e t   m e t h o d )   . 

The  s i l v e r   ha l ides   may  be  chemica l ly   s e n s i t i z e d   with,  for  example ,  
a c t i v e   g e l a t i n ;   a  s u l f u r   s e n s i t i z e r   e . g .   a l l y l t h i o -  
c a r b a m i d e ,   t h i o u r e a   or   c y s t i n e ;   a  s e l e n i u m   s e n s i t i z e r ;  
a  r e d u c t i o n   s e n s i t i z e r   e . g .   t i n   ( I I )   s a l t ,   t h i o u r e a  

30  d i o x i d e   and  p o l y a m i n e ;   a  n o b l e   m e t a l   s e n s i t i z e r ,   e . g .  
w a t e r - s o l u b l e   g o l d   s a l t s   s u c h   as  p o t a s s i u m   a u r i t h i o -  

c y a n a t e ,   p o t a s s i u m   c h l o r o a u r a t e ,   or  a  w a t e r - s o l u b l e  
s a l t   of  p l a t i n u m ,   r u t h e n i u m ,   r h o d i u m   or  i r i d i u m ,   e . g . ,  
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p o t a s s i u m   c h l o r o p l a t i n a t e   (some  of  t h e s e   s e r v e   a s  

s e n s i t i z e r s   or  fog  r e s t r a i n e r s   d e p e n d i n g   on  t h e   a m o u n t  

u s e d )   .  T h e s e   s e n s i t i z e r s   may  be  u s e d   a l o n e   or  in  c o m -  

b i n a t i o n   ( e . g .   a  c o m b i n a t i o n   of  t h e   g o l d   s e n s i t i z e r  

5  and  t h e   s u l f u r   s e n s i t i z e r ,   or   w i t h   s e l e n i u m   s e n s i t i z e r ) .  

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

to  a  d e s i r e d   w a v e l e n g t h   r e g i o n   ;  f o r   e x a m p l e   by  u s i n g   a n  

o p t i c a l   s e n s i t i z e r   e . g .   a  c y a n i n e   dye  such   as  z e r o -  

m e t h i n e   d y e ,   m o n o m e t h i n e   d y e ,   d i m e t h i n e   dye  or   t r i -  

10  m e t h i n e   d y e ,   or  a  m e r o c y a n i n e   dye  s i n g l y   or  in  c o m -  

b i n a t i o n   of  two  or  more  ( e . g .   s u p e r s e n s i t i z e d  

c o m b i n a t i o n )   . 

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

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

15  p r e s e n t   i n v e n t i o n   may  be  d e t e r m i n e d   as  d e s c r i b e d   i n  

t h e   a b o v e - m e n t i o n e d   l i t e r a t u r e   1  or  " R e s e a r c h   D i s -  

c l o s u r e "   No.  1 8 4 1 1 .  

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

f u r t h e r   d e t a i l   by  t he   f o l l o w i n g   n o n l i m i t a t i v e   E x a m p l e s .  

20  '  The  e f f e c t   of  i m p r o v e m e n t   in   t h e   image   s h a r p n e s s   w a s  

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

t i o n   (MTF)  and  c o m p a r i n g   t h e   MTF  v a l u e s   a t   s p a t i a l  

f r e q u e n c i e s   of  10  l i n e s / m m   and  30  l i n e s / m m .  

The  g r a i n i n e s s   (RMS)  was  e v a l u a t e d   by  o b t a i n i n g   t h e  

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

v a l u e s   o c c u r r i n g   when  a  c o l o r   image   h a v i n g   a  c o l o r  

image   d e n s i t y   of  1 .0   i s   s c a n n e d   w i t h   a  m i c r o d e n s i t o -  

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

of  25u ,   and  c o m p a r i n g   t h e   v a l u e   o b t a i n e d   by  m a g n i f y i n g  

30  t h e   s t a n d a r d   d e v i a t i o n   by  a  f a c t o r   of  1 0 0 0 .  
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F i r s t ,   t h e   p r e p a r a t i o n s   of  t h e   e m u l s i o n s   u s e d   in   t h e  

e x a m p l e s   a r e   d e s c r i b e d   b e l o w .  

( P r e p a r a t i o n   of  p o l y d i s p e r s e d   e m u l s i o n )  

An  a m m o n i a c a l   s i l v e r   n i t r a t e   s o l u t i o n   and  an  a q u e o u s  

5  a l k a l i   h a l i d e   s o l u t i o n   w e r e   a l l o w e d   to  d rop   i n t o   a 

r e a c t o r   c o n t a i n i n g   an  a q u e o u s   g e l a t i n   s o l u t i o n   and  a n  

e x c e s s   of  h a l i d e   m a i n t a i n e d   at  60°C.   Then,   a f t e r  

an  a q u e o u s   s o l u t i o n   of  Demole   ( m a n u f a c t u r e d   by  K a o  

A t l a s   C o . ,   L t d . )   and  an  a q u e o u s   s o l u t i o n   of  m a g n e s i u m  

10  s u l f a t e   w e r e   a d d e d   to   t h e   r e a c t i o n   m i x t u r e   to   c a u s e  

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

a d d e d   to   o b t a i n   an  e m u l s i o n   h a v i n g   a  pAg  v a l u e   of  7 . 8  

and  a  pH  v a l u e   of  6 . 0 .   F u r t h e r ,   s o d i u m   t h i o s u l f a t e ,  

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

15  and  t h e   r e s u l t i n g   m i x t u r e   was  s u b j e c t e d   to   c h e m i c a l  

r i p e n i n g   a t   52  °C  f o r   70  m i n u t e s .   T h e r e a f t e r ,   4 -  

h y d r o x y - 6 - m e t h y l - l , 3 , 3 a , 7 - t e t r a z a i n d e n e   and  6 - n i t r o -  

b e n z i m i d a z o l e   were  a d d e d ,   and  g e l a t i n   was  added   t o  

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

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

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

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

were   c h a n g e d   by  c h a n g i n g   t h e   t i m e   f o r   a d d i n g   t h e  

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

25  a l k a l i   h a l i d e   s o l u t i o n .  

( P r e p a r a t i o n   of  m o n o d i s p e r s e d   e m u l s i o n )  

An  a q u e o u s   a m m o n i a c a l   s i l v e r   n i t r a t e   s o l u t i o n   and  a n  

a q u e o u s   p o t a s s i u m   b r o m i d e   s o l u t i o n   w e r e   a d d e d   to   a  

r e a c t o r   c o n t a i n i n g   p o t a s s i u m   i o d i d e   and.   an  a q u e o u s  

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

was  m a i n t a i n e d   c o n s t a n t .   T h i s   a d d i t i o n   was  done   i n  

p r o p o r t i o n   to   t h e   i n c r e a s e   in   t h e   s u r f a c e   a r e a   o f  
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c r y s t a l s   during  the   g r o w t h   t h e r e o f .   T h e n ,   a f t e r   a n  

a q u e o u s   s o l u t i o n   of  Demole   ( m a n u f a c t u r e d   by  Kao  A t l a s  

C o . ,   L t d . )   and  an  a q u e o u s   s o l u t i o n   of  m a g n e s i u m   s u l f a t e  

w e r e   a d d e d   to  c a u s e   p r e c i p i t a t i o n ,   d e s a l t i n g   was  c o n -  

5  d u c t e d   and  g e l a t i n   was  a d d e d   to  o b t a i n   an  e m u l s i o n  

h a v i n g   a  pAg  v a l u e   of  7 . 8   and  a  pH  v a l u e   of  6 . 0 .  

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

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

m i x t u r e   was  s u b j e c t e d   to   c h e m i c a l   r i p e n i n g .   T h e r e a f t e r ,  

10  4 - h y d r o x y - 6 - m e t h y l - l , 3 , 3 a , 7 - t e t r a z a i n d e n e   and  6 - n i t r o -  

b e n z o i m i d a z o l e   were   a d d e d ,   and  g e l a t i n   was  f u r t h e r  

a d d e d   to   o b t a i n   a  m o n o d i s p e r s e d   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 .   -The  s h a p e s   of  s i l v e r   h a l i d e   c r y s t a l s   were  c o n -  

t r o l l e d   by  c h a n g i n g   t h e   pAg  v a l u e ,   and  the   m o l a r   p e r -  

15  c e n t a g e   of  t h e   s i l v e r   i o d i d e   was  c h a n g e d   by  c h a n g i n g  

t h e   r a t i o   of  p o t a s s i u m   i o d i d e   to   p o t a s s i u m   b r o m i d e .  

The  c r y s t a l   s ize   was  c h a n g e d   by  c h a n g i n g   t h e   a m o u n t s   o f  

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

a d d e d .   The  p r o p o r t i o n a l   r e l a t i o n s h i p   b e t w e e n   t h e   r a t e  

20  of  a d d i n g   t h e   a q u e o u s   a m m o n i a c a l   s i l v e r   n i t r a t e   s o l u -  

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

t h e   r a t e   of  i n c r e a s e   in   t h e   s u r f a c e   a r e a   of  c r y s t a l s  

d u r i n g   t h e   g r o w t h   t h e r e o f   was  c h a n g e d ,   and  in  t h i s   w a y ,  

t h e   s i l v e r   b r o m o i o d i d e   e m u l s i o n   u s e d   in  E x a m p l e   1,  i n  

25  w h i c h   t h e   c r y s t a l   s ize   d i s t r i b u t i o n   was  w i d e r   t h a n   t h e  

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

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

d e s c r i b e d   a b o v e ,   was  a l s o   p r e p a r e d .  

E x a m p l e   1 .  

30  A  DIR  compound   l i s t e d   in  T a b l e   1  and  15g  of  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 e r 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 o a m i d o l - 5 - p y r a z o l o n e   as  a  m a g e n t a   c o u p l e r  

were   d i s s o l v e d   in  30mi  of  e t h y l   a c e t a t e   and  15mA  o f  

d i b u t y l   p h t h a l a t e .   The  s o l u t i o n   t h u s   o b t a i n e d   w a s  
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m i x e d   w i t h   20ml  of  a  10%  a q u e o u s   s o l u t i o n   of  A l k a n o l   B 

( a l k y l n a p h t h a l e n e s u l f o n a t e   a v a i l a b l e   f rom  du  P o n t )   a n d  

200m£  of  a  5%  a q u e o u s   g e l a t i n   s o l u t i o n .   The  m i x t u r e  

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

5  The  d i s p e r s i o n   t h u s   o b t a i n e d   was  t h e n   added   to   lkg   o f  

g r e e n - s e n s i t i v e   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  

5 .0   mole   %  of  s i l v e r   i o d i d e )   l i s t e d   in  T a b l e   1.  T h e  

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

b a s e   h a v i n g   an  a n t i h a l a t i o n   l a y e r   so  t h a t   t h e   s i l v e r  

10  a m o u n t   is   2 0 m g / d m 2 ,   and  d r i e d   t o   y i e l d   S p e c i m e n   Nos .   1 

to   9 .  
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Each  of  the   a b o v e - d e s c r i b e d   n i n e   s p e c i m e n s   was  i n d i -  

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

p a r e n t   s q u a r e   c h a r t   or   w e d g e ,   e x p o s e d   to  g r e e n   l i g h t ,  

and  p r o c e s s e d   as  d e s c r i b e d   b e l o w   to  o b t a i n   a  s p e c i m e n  

h a v i n g   a  c o l o r   i m a g e .  

P r o c e s s e s   ( p r o c e s s i n g   P r o c e s s i n g   t i m e  

t e m p e r a t u r e :   3 8 ° C )  

C o l o r   d e v e l o p m e n t   3  m i n u t e s   15  s e c o n d s  

B l e a c h i n g   6  " 3 0   " 

W a s h i n g   w i t h   w a t e r   3  H  15  " 

F i x i n g   6  " 3 0   " 

W a s h i n g   w i t h   w a t e r   3  "  15  " 

S t a b i l i z a t i o n   1  m i n u t e   30  s e c o n d s  

D r y i n g  

10 

15  The  f o l l o w i n g   p r o c e s s i n g   s o l u t i o n s   w e r e   u s e d   in   t h e  

a b o v e - m e n t i o n e d   p r o c e s s i n g   s t e p s :  

( C o l o r   d e v e l o p i n g   s o l u t i o n )  

4 - A m i n o - 3 - m e t h y l - N - e t h y l - N - ( 8 - h y d r o x y -  

•  e t h y l )   - a n i l i n e   s u l f a t e   4 . 7 5 g  

20  A n h y d r o u s   s o d i u m   s u l f i t e   4 . 2 5 g  

H y d r o x y l a m i n e   h a l f - s u l f a t e   '  2 . 0 g  

A n h y d r o u s   p o t a s s i u m   c a r b o n a t e   37.  5g  
Sod ium  b r o m i d e   1 . 3 g  
T r i s o d i u m   n i t r i l o   t r i a c e t a t e   ( m o n o h y d r a t e )   2 . 5 g  

25  P o t a s s i u m   h y d r o x i d e   l . O g  

Made  up  to  1  l i t e r   w i t h   w a t e r  

( B l e a c h i n g   s o l u t i o n )  

F e r r i c   ammonium  s a l t   of  e t h y l e n e d i a m i n e -  

t e t r a a c e t i c   a c i d   100.   Og 
Diammonium  s a l t   of  e t h y l e n e d i a m i n e -  

t e t r a a c e t i c   a c i d   10.  Og 

30 
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Ammonium  b r o m i d e   150.   Og 

G l a c i a l   a c e t i c   a c i d   lO.OmJl 

Made  up  to   1  l i t e r   w i t h   w a t e r   a n d  

a d j u s t e d   to   pH  6 .0   w i t h   a q u e o u s   a m m o n i a .  

5  ( F i x i n g   s o l u t i o n )  

Ammonium  t h i o s u l f a t e   17  5.  Og 

A n h y d r o u s   s o d i u m   s u l f i t e   8 . 6 g  

Sod ium  m e t a s u l f i t e   2 . 3 g  

Made  up  to   1  l i t e r   w i t h   w a t e r   a n d  

10  a d j u s t e d   to   pH  6 .0   w i t h   a c e t i c   a c i d .  

( S t a b i l i z i n g   s o l u t i o n )  

F o r m a l i n   (37%  a q u e o u s   s o l u t i o n )   1 .5mJt  

K o n i d a x   ( a v a i l a b l e   f rom  K o n i s h i r o k u  

P h o t o   I n d u s t r y   C o . ,   L t d . )   '  7 . 5 m £  

15  Made  up  to   1  l i t e r   w i t h   w a t e r .  

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

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

c o l o r   i m a g e .   The  r e s u l t s   w e r e   as  shown  in  T a b l e   2 .  

,  The  s e n s i t i v i t y   was  i n d i c a t e d   in   t e r m s   of  t h e   r e l a t i v e  

20  s e n s i t i v i t y   w i t h   t h e   s e n s i t i v i t y   of  s p e c i m e n   No.  1 

t a k e n   as  1 0 0 .  
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T a b l e   2 

S h a r p n e s s   i n  
t e r m s   of  MTF  (%) 

S p e c i m e n   S e n s i t i v i t y   Gamma 
No.  (Y)  10  30 

l i n e s / m m   l i n e s / f a n  

1  100  0 . 8 5   98  60 
( C o m p a r i s o n )  

2  101  0 . 8 6   103  63  
( C o m p a r i s o n )  

3  96  0 . 8 5   106  67 
( C o m p a r i s o n )  

4  95  0 . 8 4   122  88 

5  100  0 . 8 3   125  90 

6  96  0 . 8 5   128  9 3  

7  102  0 . 8 4   130  95  

9  99  0 . 8 5   131  94  

As  shown  in  T a b l e   2,  S p e c i m e n   Nos.   4  to  9  c o n t a i n i n g  

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

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

a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n   e x h i b i t e d   a  

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

e m u l s i o n s   ( S p e c i m e n   Nos.   1  to   3)  h a v i n g   wide   c r y s t a l  

s i z e   d i s t r i b u t i o n .  

F u r t h e r ,   t h e   r e s u l t s   in  T a b l e   2  show  t h a t   t h e   s i l v e r  

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

10  h e d r a l   c r y s t a l s   a r e   p r e f e r a b l y   u s e d   in  t he   p r e s e n t  
i n v e n t i o n   and  t h a t   t he   s m a l l e r   the   S / r   v a l u e   i s ,   t h e  

g r e a t e r   is   the   i m p r o v e m e n t   in  the   image   s h a r p n e s s .  
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E x a m p l e   2 

S p e c i m e n   Nos .   10  to  14  w e r e   p r e p a r e d   in  t h e   same  w a y s  

as  S p e c i m e n   Nos.   1,  2,  5,  7  and  9  in  E x a m p l e   1,  e x c e p t  

t h a t   D-109   was  u s e d   in  an  a m o u n t   of  0 . 0 0 3 0   mole   p e r  

5  m o l e   of  s i l v e r   i o d o b r o m i d e   i n s t e a d   of  D - 1 0 3 .   E a c h  

s p e c i m e n   was  e x p o s e d   in  t h e   same  m a n n e r   as  in  E x a m p l e   1 

and  d e v e l o p e d   w i t h   t h e   same  d e v e l o p i n g   s o l u t i o n   as  i n  

E x a m p l e   1.  H o w e v e r ,   to   make  t he   gamma  v a l u e   of  e a c h  

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

10  c h a n g e d   and  c o l o r   d e v e l o p m e n t   was  i n t e r r u p t e d   when  t h e  

gamma  v a l u e   i s   0 . 8 .   T h e r e a f t e r ,   b l e a c h i n g   and  s u b -  

s e q u e n t   p r o c e s s i n g s   w e r e   c o n d u c t e d ,   and  t h e   p h o t o -  

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

c o l o r   image   w e r e   d e t e r m i n e d .   The  r e s u l t s   w e r e   a s  

15  shown  in  T a b l e   3 .  
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As  shown  in  T a b l e   3,  when  t he   a m o u n t   of  t he   DIR  

compound   u s e d   was  t h e   s ame ,   S p e c i m e n   Nos.   12,  13  and  14  

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

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

5  a l l o w e d   a  s h o r t e r   d e v e l o p m e n t   t i m e   and  e x h i b i t e d   i m p o r v e d  

s h a r p n e s s   and  g r a i n i n e s s   c o m p a r e d   w i t h   S p e c i m e n   Nos .   10  a n d  

11  in  w h i c h   e m u l s i o n s   h a v i n g   wide   c r y t a l   s i z e   d i s t r i b u t i o n  

were   e m p l o y e d .  

E x a m p l e   3 

10  In  t h i s   e x a m p l e ,   S p e c i m e n   Nos .   24  to  32  w e r e  

p r e p a r e d   in  t he   same  m a n n e r   as  in  E x a m p l e   1  e x c e p t   t h a t   a  

b l u e - s e n s i t i v e   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   i n s t e a d   of  t h e  

g r e e n - s e n s i t i v e   e m u l s i o n   DIR  compound   D-42  i n s t e a d   of  D - 1 0 3  

in  an  a m o u n t   to  g i v e   v a l u e   of  a p p r o x i m a t e l y   0 .8   and  as  a  

15  y e l l o w   c o u p l e r   < X - p y v a l o y l - < *  

-  ( 1 - b e n z y l - l - p h e n y l - l   ,  2  ,  4 - t r   i a z o l e - 3   ,  5 - d i o n - 4 - y l   )  - 2 - c h l o r o -  

5 - [ < J # - ( 2 , 4 - d i - t e r t - a m y l p h e n o x y ) b u t a n e a m i d o l ]   a c e t a n i l i d e  

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

Each  of  t he   a b o v e - d e s c r i b e d   two  s p e c i m e n t s   w a s  

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

s q u a r e   c h a r t   or  w e d g e ,   e x p o s e d   to  b l u e   l i g h t ,   and  p r o c e s s e d  

as  d e s c r i b e d   in  E x a m p l e   1  to  o b t a i n   a  s p e c i m e n   h a v i n g   a  

c o l o r   i m a g e .  

The  s p e c i m e n t   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t  
25  i n v e n t i o n   e x h i b i t s   a  h i g h e r   s h a r p n e s s   t h a n   t h a t   in  t h e  

c o m p a r a t i v e   s p e c i m e n   even   when  a  y e l l o w   dye  image   is   f o r m e d  

by  use   of  a  b l u e - s e n s i t i v e   l a y e r .  

E x p e r i m e n t s   we re   c o n d u c t e d   in  t h e   same  m a n n e r   a s  

in  E x a m p l e s   1,  3  and  4  e x c e p t   fo r   t he   u s e s   of  D - 4 2 ,   D - 4 8 ,  

25  D-53 ,   D - 5 8 ,   D - 6 0 ,   D - 1 0 0 ,   D - 1 0 2 ,   D - 1 0 3 ,   D-107  and  D - 1 0 9  

i n s t e a d   of  DIR  c o m p o u n d s   as  u s e d   in  E x a m p l e s   1  and  4  t o  

g i v e   s i m i l a r   r e s u l t s .  
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E x a m p l e   4 

S p e c i m e n   No.  33  was  p r e p a r e d   by  s e q u e n t i a l l y   a p p l y i n g  

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

of  an  u n d e r - c o a t e d   c e l l u l o s e   t r i a c e t a t e   f i l m .   ( In   a l l  

5  e x a m p l e s   b e l o w ,   a d d i t i o n   a m o u n t   to   the   s i l v e r   h a l i d e  

l i g h t - s e n s i t i v e   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   i s   t h e  

a m o u n t   pe r   1  m  ,  and  t h e   a m o u n t s   of  t h e   s i l v e r   h a l i d e  

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

t e r m s   of  s i l v e r )   . 

10  ( S p e c i m e n   No.  3 3 )  

L a y e r   1:  A n t i h a l a t i o n   l a y e r   c o n t a i n i n g   0 . 4 g   of  b l a c k  

c o l l o i d a l   s i l v e r   and  3g  of  g e l a t i n .  

L a y e r   2:  L o w - 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  

c o n t a i n i n g   1 . 5 g   of  s i l v e r   i o d o b r o m i d e   l o w -  
15  .  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   (Ag l :   6 

mole   %)  ,  1 . 6 g   of  g e l a t i n   and  0 . 4 g   o f  
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t r i c r e s y l   p h o s p h a t e   ( h e r e i n a f t e r   r e f e r r e d  

to  as  TCP)  in   w h i c h   0 . 8 0 g   of  1 - h y d r o x y -  

4-  ( £ - m e t h o x y e t h y l a m i n o c a r b o n y l m e t h o x y   )  - N -  

[6-  ( 2 , 4 - d i - t e r t - a m y l p h e n o x y ) b u t y l ] - 2 -  

5  n a p h t h o a m i d e   ( h e r e i n a f t e r   r e f e r r e d   to   a s  

cyan   c o u p l e r   C - l )   ,  0 . 0 2 8 g   of  l - h y d r o x y - 4 -  

[4-  ( l - h y d r o x y - 8 - a c e t a m i d o - 3 , 6 - d i s u l f o - 2 -  

n a p h t h y l a z o )   p h e n o x y ]   -N-  [6-  (2  ,  4 - d i - t e r t -  

a m y l p h e n o x y )   b u t y l ]   - 2 - n a p h t h o a m i d e   d i s o d i u m  

10  s a l t   ( h e r e i n a f t e r   r e f e r r e d   to   as  c o l o r e d  

cyan   c o u p l e r   CC-1)  ,  and  0 . 2 2 g   of  t h e   D I R  

compound   D-100  we re   d i s s o l v e d .  

L a y e r   3:  H i g h - 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  

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

15  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   (Ag l :   7 

mole   %)  ,  1 . 2 g   of  g e l a t i n   and  0 . 1 5 g   of  TCP  i n  

w h i c h   0 . 2 3 g   of  t h e   cyan   c o u p l e r   C - l ,   0 . 0 2 0 g  

of  t h e   c o l o r e d   cyan   c o u p l e r   CC-1  and  0 . 0 8 5 g  

of  t h e   DIR  compound   D-100  w e r e   d i s s o l v e d .  

20  L a y e r   4:  I n t e r m e d i a t e   l a y e r   c o n t a i n i n g   1 . 2 g   of  g e l a t i n  

and  0 . 0 4 g   of  d i - n - b u t y l   p h t h a l a t e   ( h e r e i n -  

a f t e r   r e f e r r e d   to   as  DBP)  in  w h i c h   0 .0   7g  o f  

2  ,  5 - d i - t e r t - o c t y l h y d r o q u i n o n e   ( h e r e i n a f t e r  

r e f e r r e d   to   as  s t a i n   p r e v e n t i n g   a g e n t   H Q - 1 )  

25  was  d i s s o l v e d .  

L a y e r   5:  L o w - 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   c o n t a i n i n g   1 . 6 g   of  a  s i l v e r   i o d o b r o m i d e  

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  

(Agl :   5  mole   %)  ,  1 . 7 g   of  g e l a t i n   and  0 . 3 g   o f  

30  TCP  in  w h i c h   0 . 3 0 g   of  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 e r t - a m y l p h e n o x y a c e t -  

a m i d a ) b e n z a m i d o } - 5 - p y r a z o l o n e   ( . h e r e i n a f t e r  

r e f e r r e d   to  as  m a g e n t a   c o u p l e r   M-1  )  ,  0.02g  of  4 ,4 -  
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m e t h y l e n e b i s - 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 e r t - a m y   l p h e n o x y a c e t a i n i d o )   benz   -  

amido]   - 5 - p y r a z o l o n e   ( h e r e i n a f t e r   r e f e r r e d   t o  

as  m a g e n t a   c o u p l e r   M-2)  ,  0 . 0 6 6 g   of  1-  ( 2 , 4 , 6 -  

5  t r i c h l o r o p h e n y l ) - 4 -   ( 1 - n a p h t h y l a z o )   - 3 -   ( 2 - c h l o r o -  

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

( h e r e i n a f t e r   r e f e r r e d   to   as  c o l o r e d   m a g e n t a  

c o u p l e r   CM-1)  ,  and  0 . 2 6 g   of  t h e   DIR  c o m p o u n d  
D-100  w e r e   d i s s o l v e d .  

10  L a y e r   6:  H i g h - 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   c o n t a i n i n g   1 . 5 g   of  a  s i l v e r   i o d o b r o m i d e  

h i g h - 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  

(Agl :   7  mole   %)  ,  1 . 9 g   of  g e l a t i n   and  0 . 1 2 g  

of  TCP  in  w h i c h   0 . 0 9 3 g   of  t h e   m a g e n t a  

15  c o u p l e r   M - l ,   0 . 0 9 4 g   of  t h e   m a g e n t a   c o u p l e r  

M-2,  0 . 0 4 9 g   of  t h e   c o l o r e d   m a g e n t a   c o u p l e r  

CM-1,  and  0 . 1 5 g   of  t h e   DIR  c o m p o u n d   D-100 

were   d i s s o l v e d .  

L a y e r   7:  Y e l l o w   f i l t e r   l a y e r   c o n t a i n i n g   0  .  2g  of  y e l l o w  

20  c o l l o i d a l   s i l v e r ,   O . l l g   of  DBP  in   w h i c h   0 . 2 g  

,  of  s t a i n   p r e v e n t i n g   a g e n t   HQ-1  was  d i s s o l v e d ,  

and  2 . 1 g   of  g e l a t i n .  

L a y e r   8:  L o w - 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  

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

25  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   (Agl :   6 

mole   %)  ,  1 . 9 g   of  g e l a t i n   and  0 . 9 3 g   of  DBP  i n  

w h i c h   1 . 8 4 g   of  a-   [4-  ( l - b e n z y l - 2 - p h e n y l - 3 , 5 -  

d i o x o - 1   ,  2  ,  4 - t r i a z o l i d i n y l )   ]  - a - p i v a l o y   1 - 2 -  

c h l o r o - 5 -   [y-  (2  ,  4 - d i - t e r t - a m y   l p h e n o x y )   b u t y l -  

30  amido]   a c e t a n i l i d e   ( h e r e i n a f t e r   r e f e r r e d   to  a s  

y e l l o w   c o u p l e r   Y- l )   ,  and  0 . 1 5 g   of  t h e   D I R  

compound   D-100  w e r e   d i s s o l v e d .  
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L a y e r   9:  H i g h - 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   c o n t a i n i n g   1 . 2 g   of  a  s i l v e r   i o d o b r o m i d e  

h i g h - 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  

(Agl :   7  mole   %)  ,  2 . 0 g   of  g e l a t i n   and  0 . 2 3 g  

5  of  DBP  in  w h i c h   0 . 4 6 g   of  t h e   y e l l o w   c o u p l e r  

Y- l   and  0 . 0 2 9 g   of  t h e   DIR  compound   D - 1 0 0  

l i s t e d   in  T a b l e   8  w e r e   d i s s o l v e d .  

L a y e r   10:  P r o t e c t i v e   l a y e r   c o n t a i n i n g   2 . 3 g   of  g e l a t i n .  

S p e c i m e n   34  was  p r e p a r e d   in  t h e   same  way  as  S p e c i m e n  

10  No.  33,  e x c e p t   t h a t   t h e   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   N o .  

t h e   DIR  compound   and  t h e   a d d i t i o n   a m o u n t   w e r e   as  s h o w n  

in  T a b l e   6 .  
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The  o b t a i n e d   s p e c i m e n s   w e r e   i n d i v i d u a l l y   b r o u g h t   i n t o  

c l o s e   c o n t a c t   w i t h   a  t r a n s p a r e n t   s q u a r e   wave  c h a r t   o r  

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

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

t h e   p r o c e d u r e   d e s c r i b e d   in  E x a m p l e   1.  The  r e s u l t s   o f  

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

shown  in  T a b l e   8 .  

As  f o r   t h e   s e n s i t i v i t y ,   t h e   b l u 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 i t y   and  r e d   s e n s i t i v i t y   of  S p e c i m e n   No.  33  w e r e  

t a k e n   as  100 ,   and  t h e   c o l o r   s e n s i t i v i t i e s   of  S p e c i m e n  

No.  34  w e r e   e x p r e s s e d   as  t h e   r e l a t i v e   v a l u e s .  

T a b l e   8 .  

MTF  v a l u e   (%) 
PSC1"  R e l a t i v e   ramms  , men  . . . . .   Gamma  .  ,  n  -,  n s e n s i t i v i t y   10  30 

l i n e s / m m   l i n e s / m m  

Exposure  to 
Blue  light  "  100  0 .87   89  56 

Gcaenlixtit  10°  ° ' 8 5   87  50  

Red  light  '  100  0 . 8 4   79  32  

B l u e s t   101  °«86  110  82  

34  
Green  l"i*t  "   ° ' 8 6   110  7 4  

Red  light  102  0 . 8 5   97  54 
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T a b l e   8  shows  t h a t   t he   m u l t i - l a y e r   s p e c i m e n t s  

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

l a y e r   s p e c i m e n t s   in  E x a m p l e s   1  and  4,  and  e x h i b i t   g r e a t l y  

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

1.  A  s i l v e r   h a l i d e   l i g h t - s e n s i t i v e   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   w h i c h   c o m p r i s e s   a  s u p p o r t   and  c o a t e d  

t h e r e o n   (a)  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  

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

5  h a l i d e   e m u l s i o n   l a y e r   c o n t a i n i n g   a  m a g e n t a   c o u p l e r   and  ( c )  

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   c o n t a i n i n g   a  

cyan   c o u p l e r ,   a t   l e a s t   one  of  s a i d   b l u e - s e n s i t i v e ,  

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

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

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

s a t i s f y i n g   f o l l o w i n g   r e l a t i o n ;  

S / r   <  0 . 1 5  

S  -  / ! C ( r - r i ) 2 n i / 2 ; n J  

w h e r e i n   r.   d e s i g n a t e s   t h e   c r y s t a l   s i z e   of  t he   i n d i v i d u a l  

15  c r y s t a l s   and  n.  d e s i g n a t e s   t he   number   of  t he   c r y s t a l s ,   a n d  

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   c o m p r i s i n g   t he   m o n o -  

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

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

a g e n t ,   is   c a p a b l e   of  r e l e a s i n g   a  d i f f u s i b l e   d e v e l o p m e n t  
20  i n h i b i t o r ,   s a i d   compound   h a v i n g   t he   f o r m u l a :  

A  -  TIME  -  Z 

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

r e a c t i o n   w i t h   an  o x i d i z a t i o n   p r o d u c t   of  a  c o l o r   d e v e l o p i n g  

a g e n t   and  Z  r e p r e s e n t s   a  s p l i t - o f f   r e s i d u e   w h i c h ,   u p o n  
25  r e a c t i o n   of  t he   compound   w i t h   t h e   o x i d i z e d   c o l o r   d e v e l o p i n g  

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

r e p r e s e n t e d   by  t he   f o r m u l a :  
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A  -  TIME  -  Z 

and  TIME  r e p r e s e n t s   a  d i v a l e n t   g r o u p   c a p a b l e   of  r e t a r d i n g  

t he   r e l e a s e   of  Z .  

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

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

s i l v e r   h a l i d e   c r y s t a l s   a r e   o c t a h e d r o n s   a n d / o r  

t e t r a d e c a h e d r o n s   . 
3.  A  s i l v e r   h a l i d e   l i g h t - s e n s i t i v e   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 c c o r d i n g   to  c l a i m   1  or  2  w h e r e i n   t h e  

10  v a l u e   S / r   is  n o t   g r e a t e r   t h a n   0 . 1 0 .  

4.  A  s i l v e r   h a l i d e   l i g h t - s e n s i t i v e   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 c c o r d i n g   to  c l a i m   1,  2  or  3  w h e r e i n  

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

c r y s t a l s .  

15  5.  A  s i l v e r   h a l i d e   l i g h t - s e n s i t i v e   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 c c o r d i n g   to  any  one  of  c l a i m s   1  to  4 

w h e r e i n   r  is   in  t he   r a n g e   of  0 .3   to  1 .5   m i c r o n s .  

6.  A  s i l v e r   h a l i d e   l i g h t - s e n s i t i v e   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 c c o r d i n g   to  any  one  of  c l a i m s   1  to  5 

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

l e a s t   two  l a y e r s   h a v i n g   r e l a t i v e l y   h i g h   l i g h t - s e n s i t i v i t y  

and  r e l a t i v e l y   low  l i g h t - s e n s i t i v i t y .  

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

25  p h o t o g r a p h i c   m a t e r i a l   a c c o r d i n g   to  c l a i m   6,  w h e r e i n   s a i d  

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

r e l a t i v e l y   low  l i g h t - s e n s i t i v e   l a y e r s .  

8.  A  s i l v e r   h a l i d e   l i g h t - s e n s i t i v e   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 c c o r d i n g   to  any  one  of  c l a i m s   1  to   7 
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w h e r e i n   s a i d   compound   b e i n g   i n c o r p o r a t e d   in  t h e  

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 .  

9.  A  s i l v e r   h a l i d e   l i g h t - s e n s i t i v e   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 c c o r d i n g   to  any  one  of  c l a i m s   1  to  8 

w h e r e i n   s a i d   compound   is   i n c o r p o r a t e d   i n t o   a l l   of  s a i d  

b l u e - s e n s i t i v e ,   g r e e n - s e n s i t i v e   and  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 s .  
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