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©  PROCESS  FOR  PREPARING  SILVER  HALIDE  EMULSION. 

A  process  for  preparing  a  silver  halide  emulsion  contain- 
ing  core shell  type  silver  halide  grains,  which  comprises 
using  silver  halide  grains  of  octahedral  or  tetradecahedral 
crystals  having  a (1  1  1)  face  substantially  comprising  silver 
bromoiodide  and  having  a  variation  coefficient  of  particle 
size  distribution  of  0.18  or  less,  and  subjecting  them  to 
gold-sulfur  sensitization  or  gold-selenium  sensitization  in  the 
presence  of  a  nitrogen-containing  heterocyclic  compound 
capable  of  forming  a  complex  with  silver  or  its  ion.  This 
emulsion  shows  a  remarkably  high  photographic  sensitivity 
and  less  reciprocity  law  failure  in  high  illuminance  region, 
and  undergoes  less  fogging,  thus  being  suitable  as  a  silver 
halide  photographic  light-sensitive  material. 



( T e c h n i c a l   F i e l d )  

T h i s   i n v e n t i o n   r e l a t e s   to  a  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  

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

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

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

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

a f o r e m e n t i o n e d   m e t h o d .  

( B a c k g r o u n d   of  t he   T e c h n o l o g y )  

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

been   u t i l i z e d   a  v a r i e t y   of  s i l v e r   h a l i d e s   such  as  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   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   and  s i l v e r   c h l o r o i o d o b r o m i d e ,   bu t   as  s i l v e r  

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

i o d o b r o m i d e   has  been  u sed   to  o b t a i n   h i g h - s e n s i t i v e  

e m u l s i o n s .  

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

e m u l s i o n s   fo r   h i g h - s e n s i t i v e   p h o t o g r a p h   have  been  g e t t i n g  

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

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



g r a i n i n e s s ,   h i g h   s h a r p n e s s ,   low  fog  d e n s i t y   a n d  

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

F u r t h e r ,   t h e   e x h a u s t i o n   of  s i l v e r   r e s o u r c e s   is  now  f e a r e d ,  

and   t h e   d e v e l o p m e n t   of  a  l i g h t - s e n s i t i v e   m a t e r i a l   low  in  a  

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

r e q u i r e m e n t s   can  a l m o s t   be  s a t i s f i e d   by  a  t e c h n i q u e   o f  

p r e p a r i n g   a  h i g h - 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   r e d u c e d  

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

c o n s i d e r e d   to   be  i r r e l e v a n t   to   t h e   f o g .   T h e r e f o r e ,   i t   i s  

no  e x a g g e r a t i o n   to   say  t h a t   t h e   d e v e l o p m e n t   of  t he   s i l v e r  

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

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

l a r g e s t   t a s k   in  t h e   a r t .  

The  most   o r t h o d o x   m e t h o d   f o r   o b t a i n i n g   p h o t o g r a p h i c  

p e r f o r m a n c e s   such   as  h i g h   s e n s i t i v i t y   and  low  f o g  

m e n t i o n e d   a b o v e   is  to  i m p r o v e   t h e   q u a n t u m   e f f i c i e n c y   o f  

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

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

a c c o u n t .   R e s e a r c h e s ,   in  w h i c h   t h e   q u a n t u m   e f f i c i e n c y   i s  

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

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

page   91  of  " I n t e r a c t i o n s   b e t w e e n   L i g h t   and  M a t e r i a l s   f o r  

P h o t o g r a p h i c   A p p l i c a t i o n s "   c o n t r i b u t e d   in  a  p r e l i m i r a r y  

t e x t   f o r   l e c t u r e s   at   Tokyo  S y m p o s i u m   r e g a r d i n g   t h e  

a d v a n c e m e n t   of  p h o t o g r a p h y   in  1980 .   A c c o r d i n g   to   t h e  

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

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

w o u l d   be  e f f e c t i v e   to   i m p r o v e   t h e   q u a n t u m   e f f i c i e n c y .  

F u r t h e r ,   f o r   t h e   p u r p o s e   of  e s t a b l i s h i n g   a  h i g h  

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

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

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

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



H o w e v e r ,   t h e r e   a re   a c t u a l l y   l e s s   e x a m p l e s   each  in  which   a  
s i m p l e   s y s t e m   or  a  m i x t u r e   s y s t e m   of  t h e   m o n o d i s p e r s e d  

e m u l s i o n s   is  e m p l o y e d ,   and  e s p e c i a l l y   e x a m p l e s   o f  
n e g a t i v e - t y p e   h igh   s e n s i t i v e   e m u l s i o n s   a re   s c a r c e l y  

p r e s e n t .   T h i s   f a c t   is  b e c a u s e   i t   is   e x t e n s i v e l y   known  i n  
t h e   a r t   t h a t   even  i f   t h e   m o n o d i s p e r s e d   e m u l s i o n   i s  

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

c h e m i c a l   s e n s i t i z a t i o n   is  t r i e d ,   t h e   s e n s i t i z a t i o n   c a n n o t  

be  a c h i e v e d ,   and  what   is  w o r s e ,   p o o r e r   r e s u l t s   t h a n   in  t h e  

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

b r o u g h t   a b o u t .  

In  o r d e r   to  m a n u f a c t u r e   t h e   m o n o d i s p e r s e d   e m u l s i o n   on  a n  
i n d u s t r i a l   s c a l e ,   t h e r e   a r e   r e q u i r e d   a  s t r i c t   c o n t r o l   of  a  

pAg  and  pH,  a  r e g u l a t i o n   of  a  t h e o r e t i c a l l y   d e t e r m i n e d  

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

s y s t e m ,   and  a  s u f f i c i e n t   s t i r r i n g   c o n d i t i o n ,   as  d e s c r i b e d  

in  J a p a n e s e   P a t e n t   P r o v i s i o n a l   P u b l i c a t i o n   No.  4 8 5 2 1 / 1 9 7 0 .  

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

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

h a v i n g   f a c e s   (100)  and  f a c e s   (111)  in  v a r i o u s   r a t i o s ,   a n d  

t h e s e   g r a i n s   have  any  c o n f i g u r a t i o n   of  c u b e ,   o c t a h e d r o n  

and  t e t r a d e c a h e d r o n .  

On  t h e   o t h e r   h a n d ,   in  t h e   t e c h n i c a l   f i e l d   of  m a n u f a c t u r i n g  
t h e   e m u l s i o n   g r a i n s ,   i t   has  been   known  t h a t   s i n c e  

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

f a c e s   (111)   a re   u s u a l l y   p r e p a r e d   u n d e r   t he   c o n d i t i o n   of  a  

low  s i l v e r   c o n c e n t r a t i o n ,   s i l v e r   n u c l e i   which   w i l l   b e c o m e  

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

H o w e v e r ,   in  t he   t e h n i c a l   f i e l d   of  t h e   c h e m i c a l  

s e n s i t i z a t i o n ,   i t   has  been  a l s o   known  t h a t   the   c h e m i c a l  

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

For  e x a m p l e ,   in  a  u s u a l   m a n n e r ,   s u l p h u r   s e n s i t i z a t i o n  

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



on  t h e   f a c e s   (111)   t h a n   on  t h e   f a c e s   ( 1 0 0 ) ,   t h e r e f o r e   t h e  

f o r m a t i o n   of  a  l a t e n t   image   i s   s c a t t e r i n g   and  a n  

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

e f f i c i e n c y .   A c c o r d i n g l y ,   i t   has   been   c o n s i d e r e d   in  t h e  

a r t   t h a t   t h e   s i l v e r   h a l i d e   g r a i n s   h a v i n g   t h e   f a c e s   ( 1 1 1 ) ,  

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

be  p u t   to   p r a c t i c a l   u s e .  

Wi th   r e g a r d   to   s u c h   c h a r a c t e r i s t i c s   of  t h e   o c t a h e d r a l  

g r a i n s ,   one  can   l e a r n   t hem  f rom  " J o u r n a l   of  P h o t o g r a p h i c  

S c i e n c e " ,   Vo lume   14 ,   p a g e s   181  to   184  ( 1 9 6 6 ) ,   and  V o l u m e  

16,   p a g e s   102  to   113  ( 1 9 6 8 ) ,   " P h o t o g r a p h i c h e  

K o r r e s p o n d e n z ) ,   V o l u m e   106 ,   p a g e s   149  to   160  (1970)   a n d  

" N i p p o n   S h a s h i n   G a k k a i   J o u r n a l " ,   Vo lume   42,   p a g e s   112  t o  

121  ( 1 9 7 9 ) .   I t   can   be  s u p p o s e d   f rom  t h e s e   r e p o r t s   a b o v e  

t h a t   t h e   c h e m i c a l   s e n s i t i z a t i o n   of  t h e   t e t r a d e c a h e d r a l  

g r a i n s   i s   p r e d o m i n a n t l y   a d v a n c e d   on  t h e   f a c e s   ( 1 1 1 ) ,   a n d  

t h e   t e t r a d e c a h e d r a l   g r a i n s   a r e   c o n s i d e r e d   to   have   t h e   s a m e  

c h a r a c t e r i s t i c s   as  in  t h e   o c t a h e d r a l   g r a i n s .   A c c o r d i n g   t o  

r e s e a r c h e s   by  t h e   p r e s e n t   i n v e n t o r s   i t   has   been  f o u n d   t h a t  

t h e   t e t r a d e c a h e d r a l   g r a i n s   have   i n d e e d   t h e   s i m i l a r  

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

F u r t h e r ,   a  h y d r o x y a z a i n d e n e   c o m p o u n d   has  been   w e l l   k n o w n  

as  a  s t a b i l i z e r   f o r   a  p h o t o g r a p h i c   e m u l s i o n   in  t he   a r t ,  

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

r i p e n i n g   by  a  s u l p h u r - c o n t a i n i n g   c o m p o u n d .   T h e r e f o r e ,   t h e  

a z a i n d e n e   c o m p o u n d   has   been   u s e d   w i t h   t h e   aim  o f  

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

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

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

p r o c e s s i n g .   A l s o ,   i t   has  been   known  t h a t   t h i s   c o m p o u n d  

has   an  e f f e c t   to   i n c r e a s e   a  p h o t o g r a p h i c   s e n s i t i v i t y .   F o r  

e x a m p l e ,   U.K.  P a t e n t   No.  1 , 3 1 5 , 7 5 5   d e s c r i b e s   t h a t   t h e  

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

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

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



a z a i n d e n e   is  a d d e d   p r i o r   to   t h e   s u l p h u r   s e n s i t i z a t i o n ,   a n d  

a t   t h e   same  t i m e   or  s u b s e q u e n t l y   a  m o n o v a l e n t   g o l d   c o m p l e x  

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

by  r i p e n i n g .   H o w e v e r ,   in  t h e   c a s e   t h a t   t he   a b o v e  

s e n s i t i z a t i o n   m e t h o d   is  m e r e l y   a p p l i e d   to  t h e   s i l v e r  
h a l i d e   e m u l s i o n ,   a  s u f f i c i e n t   e f f e c t   c a n n o t   be  o b t a i n e d .  

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

6 3 9 1 4 / 1 9 7 5   and  German  P a t e n t   A p p l i c a t i o n   (OLS)  N o .  

2 , 4 1 9 , 7 9 8   d e s c r i b e   t h a t   when  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  

c u b i c   g r a i n   e m u l s i o n ,   in  wh ich   a  m o l a r   p e r c e n t a g e   o f  

c o n t a i n e d   s i l v e r   b r o m i d e   is  80  %  or  more ,   is  s u l p h u r  

s e n s i t i z e d   and  t h e   h y d r o x y t e t r a z a i n d e n e   compound   is   t h e n  

a d d e d   t h e r e t o ,   a  s e n s i t i v i t y   i n c r e a s e s .   H o w e v e r ,   t h e s e  

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

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

s u b s t a n t i a l l y   s u r r o u n d e d   w i t h   t h e   f a c e s   ( l l l )   r a t h e r  

d e c r e a s e   in  t he   s e n s i t i v i t y ,   or  even  i f   i t   i n c r e a s e s ,   i t s  

d e g r e e   is  o n l y   a  l i t t l e .  

M o r e o v e r ,   in  J a p a n e s e   P a t e n t   P r o v i s i o n a l   P u b l i c a t i o n   No.  

7 7 2 2 3 / 1 9 7 6   and  U.S.   P a t e n t   No.  4 , 0 7 8 , 9 3 7 ,   i t   is  d e s c r i b e d  

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

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

s i z e   of  0 .5   pm  or  l e s s , t h e   s e n s i t i v i t y   i n c r e a s e s   o n  

c o n d i t i o n   t h a t   a  k i n d   of  h y d r o x y t e t r a z a i n d e n e   compound   i s  

a d d e d   t h e r e t o .  

I n d e e d ,   when  a  c a s e   whe re   t h e   h y d r o x y t e t r a z a i n d e n e  

compound   is  added   a f t e r   t h e   s u l p h u r   s e n s i t i z a t i o n   f o l l o w e d  

by  c o a t i n g   and  a n o t h e r   c a s e   where   no  compound  is  a d d e d  

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

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

s e n s i t i v i t y ,   as  d i s c l o s e d   in  e x a m p l e s   of  t h e  

a b o v e - m e n t i o n e d   p u b l i c a t i o n s .   H o w e v e r ,   i t   is  now 

o r d i n a r i l y   c a r r i e d   ou t   in  t he   a r t   to  add  t h e  

h y d r o x y t e t r a z a i n d e n e   compound   as  a  s t a b i l i z e r   a f t e r  



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

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

is  no t   c o n s i d e r e d   t h a t   J a p a n e s e   P a t e n t   P r o v i s i o n a l  

P u b l i c a t i o n   No.  7 7 2 2 3 / 1 9 7 6   and  U .S .   P a t e n t   No.  4 , 0 7 8 , 9 3 7  

i n t e n d   to   p r o v i d e   a  new  s e n s i t i z a t i o n   m e t h o d   f o r   p r e p a r i n g  

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

c o n v e n t i o n a l   a r t .  

( D i s c l o s u r e   of  t h e   I n v e n t i o n )  

A  f i r s t   o b j e c t   of  t h i s   i n v e n t i o n   is   to   p r o v i d e   a  m e t h o d   b y  

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

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

f a c e s   ( 1 1 1 )   i s   n o t i c e a b l y   s e n s i t i z e d ,   s c a r c e l y   p r o d u c i n g   a  

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

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

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

m e t h o d .  

O t h e r   o b j e c t s   and  f e a t u r e s   of  t h i s   i n v e n t i o n   w i l l   b e  

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

The  o b j e c t   of  t h i s   i n v e n t i o n   i s   a c c o m p l i s h e d   by  a  m e t h o d  

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

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

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

or  g o l d - s e l e n i u m   s e n s i t i z a t i o n   by  use   of  a  g o l d   s e n s i t i z e r  

and  s u l p h u r   s e n s i t i z e r   or  s e l e n i u m   s e n s i t i z e r ,  

c h a r a c t e r i z e d   in  t h a t   t h e   s i l v e r   h a l i d e   g r a i n s   a r e  

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

( 1 1 1 ) ;   a  s i l v e r   h a l i d e   c o n s t i t u t i n g   t h e   g r a i n s   i s  

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

c o e f f i c i e n t   of  v a r i a t i o n   r e g a r d i n g   a  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   s i l v e r   h a l i d e   g r a i n s   i s   0 . 18   or  l e s s ;  

and  t h e   g o l d - s u l p h u r   s e n s i t i z a t i o n   or  g o l d - s e l e n i u m  
s e n s i t i z a t i o n   i s   c a r r i e d   o u t   in  t h e   p r e s e n c e   of  a  

n i t r o g e n - c o n t a i n i n g   h e t e r o c y c l i c   compound   c a p a b l e   o f  



f o r m i n g   a  c o m p l e x   w i t h   s i l v e r   or  a  s i l v e r   i o n .  

T h i s   i n v e n t i o n   is  b a s e d   on  t h e   d i s c o v e r y   t h a t   when  t h e  

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

t e t r a d e c a d e d r a l   c r y s t a l s   each   h a v i n g   t h e   f a c e s   ( 1 1 1 ) ,   a n d  

when  t h e   r a t i o   b e t w e e n   t h e   s e l e n i u m   s e n s i t i z e r   and  g o l d  

s e n s i t i z e r   or  t h e   r a t i o   b e t w e e n   t h e   s u l p h u r   s e n s i t i z e r   a n d  

g o l d   s e n s i t i z e r   is   c o n t r o l l e d   in  a  c e r t a i n   r a n g e   in  t h e  

p r e s e n c e   of  t h e   n i t r o g e n - c o n t a i n i n g   h e t e r o c y c l i c   c o m p o u n d  
w h i c h   fo rms   t h e   c o m p l e x   w i t h   s i l v e r   of  an  amount   enough   t o  

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

a c c o m p l i s h e d .   The  e f f e c t   of  t h i s   i n v e n t i o n   can  b e  

o b t a i n e d   by  r e m o v i n g   t he   d i s a d v a n t a g e   t h a t   when  t he   k n o w n  

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

is   u s e d   fo r   t h e   o c t a h e d r a l   or  t e t r a d e c a h e d r a l   s i l v e r  

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

p r o d u c e d   on  t he   f a c e s   (111)   and  many  l i g h t - s e n s i t i v e  

n u c l e i   a re   f o r m e d   on  one  s i l v e r   i o d o b r o m i d e   g r a i n ,   w h i c h  

f a c t   p r e v e n t s   t he   i n c r e a s e   in  t he   q u a n t u m   e f f i c i e n c y .   I n  

o t h e r   w o r d s ,   t he   e f f e c t   of  t h i s   i n v e n t i o n   can  be  p r o c u r e d  

by  c o n s t i t u t i n g   t he   s i l v e r   i o d o b r o m i d e   g r a i n s   in  t he   f o r m  

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

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

n u c l e u s - f o r m i n g   r e a c t i o n   on  t h e   f a c e s   (111)   in  t h e  

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

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

i o n .   Howeve r ,   when  c u b i c   c r y s t a l s   a re   u sed   in  p l a c e   o f  

t h e   o c t a h e d r a l   or  t e t r a d e c a h e d r a l   c r y s t a l s   in  the   p r e s e n t  

i n v e n t i o n ,   t h e   e f f e c t   of  t h i s   i n v e n t i o n   c a n n o t   b e  

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

l i g h t - s e n s i t i v e   n u c l e i   to  be  more  e a s i l y   and  s e l e c t i v e l y  

f o r m e d   on  the   v e r t e x e s   of  each   cube  t h a n   on  the   f a c e s  

(100)   t h e r e o f ,   w i t h o u t   any  s p e c i a l   a t t e n t i o n   t h e r e t o .  

When  t h e   method   of  t h i s   i n v e n t i o n   is  a p p l i e d   to  t h e  



m o n o d i s p e r s e d   o c t a h e d r a l   or  t e t r a d e c a h e d r a l   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   w h i c h   is   no t   of  t h e   c o r e - s h e l l   t y p e ,  

t h e   e f f e t   of  t h e   s e n s i t i z a t i o n   i s   no t   so  g r e a t .   F u r t h e r ,  

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

t e t r a d e c a h e d r a l   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 s  

g o l d - s u l p h u r   s e n s i t i z e d   or  g o l d - s e l e n i u m   s e n s i t i z e d   in  t h e  

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

t h e   e f f e c t   of  t h e   s e n s i t i z a t i o n   i s   a l s o   s m a l l .  

I f   i o d i n e   i s   a d d e d   to   t h e   s i l v e r   b r o m i d e   g r a i n s ,   t h e  

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

s e n s i t i z a t i o n   or  g o l d - s e l e n i u m   s e n s i t i z a t i o n   w i l l   a l s o  

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

i n c r e a s e   and  t h u s   s i l v e r   i o n s   b e t w e e n   l a t t i c e s   a l s o  

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

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

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

r e a c t i o n .  

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

t e t r a d e c a h e d r a l   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   does   n o t -  

i n c r e a s e   so  much  in  t h e   s e n s i t i v i t y   even   by  means  of  t h e  

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

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

i n v e n t o r s   of  t h i s   i n v e n t i o n ,   w o u l d   be  a t t r i b u t a b l e   to   t h e  

a b o v e - m e n t i o n e d   f u n c t i o n s   and  t h e   f o r m a t i o n   of  m a n y  

l i g h t - s e n s i t i v e   n u c l e i   on  t h e   f a c e s   (111)   due  to   t h e  

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

s e n s i t i z a t i o n   r e a c t i o n   in  t h e   c a s e s   of  t h e   o c t a h e d r a l   a n d  

t e t r a d e c a h e d r a l   s i l v e r   h a l i d e   g r a i n s .   In  t h e   c a s e   t h a t  

t h e   n i t r o g e n - c o n t a i n i n g   h e t e r o c y c l i c   compound   is   n o t  

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

s u r f a c e s ,   on  t h e   c h e m i c a l   s e n s i t i z a t i o n   r e a c t i o n   can  b e  

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

t h e   c o n t e n t   of  t h e   s i l v e r   i o d i d e   on  t h e   f a c e s ,   bu t   such   a  

c o n f i g u l a t i o n   is   no t   e f f e c t i v e   a g a i n s t   t h e   i n c r e a s e   in  t h e  

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



b e t w e e n   t h e   l a t t i c e s   and  c a n n o t   c o n t r o l   t h e   c r y s t a l   h a b i t  

d e p e n d e n c y   in  t he   c h e m i c a l   s e n s i t i z a t i o n   r e a c t i o n .   I t   i s  

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

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

s i l v e r   ion  on  t h e   s u r f a c e s   and  to  c o n t r o l   t h e   c h e m i c a l  
s e n s i t i z a t i o n   r e a c t i o n   so  t h a t   e f f e c t i v e   l i g h t - s e n s i t i v e  

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

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

s e n s i t i z a t i o n   r e a c t i o n   by  t h e   i o d i n e   a toms  on  t h e  

s u r f a c e s .   As  seen   f rom  t h e   f o r e g o i n g ,   when  t he   c o r e - s h e l l  

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

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

h e t e r o c y c l i c   c o m p o u n d ,   good  r e s u l t s   can  be  e x p e c t e d ,   a n d  

t h e   d e g r e e   of  t h e   o b t a i n e d   s e n s i t i z a t i o n   is  m o r e  

r e m a r k a b l e   t h a n   a n t i c i p a t e d ,   wh ich   wou ld   be  a t r i b u t e d   to   a  

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

The  f e a t u r e   of  t h i s   i n v e n t i o n   is   t h a t   t he   r e a c t i o n   o f  

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

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

c o n s t i t u t i o n   and  the   c o m b i n a t i o n   e f f e c t   of  t h e  

g o l d - s u l p h u r   or  g o l d - s e l e n i u m   s e n s i t i z a t i o n   is  o b t a i n e d  

more  r e m a r k a b l y   t han   in  t h e   c o n v e n t i o n a l   one .   On  t h e  

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

in  J a p a n e s e   P a t e n t   P r o v i s i o n a l   P u b l i c a t i o n   No.  6 3 9 1 4 / 1 9 7 5  

and  West  German  P a t e n t   A p p l i c a t i o n   (OLS)  No.  2 , 4 1 9 , 7 9 8 ,  

t h e   n i t r o g e n - c o n t a i n i n g   h e t e r o c y c l i c   compound  is  a d d e d   a t  

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

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

g r a i n s   and  to  t h e r e b y   i m p r o v e   t he   e f f i c i e n c y   of  a  l a t e n t  

image  f o r m a t i o n .   T h e r e f o r e ,   t h i s   i n v e n t i o n   is  d i f f e r e n t  

f rom  t h e   d i s c l o s e d   ones   in  t e c h n i q u e .  

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



7 7 2 2 3 / 1 9 7 6   and  U .S .   P a t e n t   No.  4 , 0 7 8 , 9 3 7   d i s c l o s e   a  m e t h o d  

in  w h i c h   a  s p e c i f i c   h y d r o x y t e t r a z a t i n d e n e   compound   i s  

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

t h e   a v e r a g e   g r a i n   s i z e   of  w h i c h   i s   no t   in  e x c e s s   of  0 . 5  

pm,  in   o r d e r   to   i n c r e a s e   t h e   s e n s i t i v i t y   of  t h e   s i l v e r  

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

n e i t h e r   c o n s t i t u t i o n   nor   e f f e c t s   of  t h i s   i n v e n t i o n  

a n y w h e r e ,   a n d ,   e s p e c i a l l y   in  a l l   t h e   e x a m p l e s   of  t h e  

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

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

of  t h e   s e n s i t i z a t i o n   by  t h e   a b o v e   m e t h o d   d e p e n d s   on  t h e  

a v e r a g e   g r a i n   s i z e ,   and  t h e   c r t s y t a l   h a b i t   of  t h e   s i l v e r  

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

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

i n v e n t i o n   in  t e c h n i q u e .  

A d d i t i o n a l l y ,   t h e   s p e c i f i c a t i o n   of  U.K.  P a t e n t   N o .  

1 , 3 1 5 , 7 5 5   d i s c l o s e s   a  m e t h o d   in  w h i c h   a f t e r   t h e   a z a i n d e n e  

c o m p o u n d   has   been   a d d e d   as  m e n t i o n e d   a b o v e ,   a  m o n o v a l e n t  

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

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

d o e s   no  r e f e r   to   t h e   c r y s t a l   h a b i t   of  t h e   s i l v e r   h a l i d e  

g r a i n s ,   t h e   c o r e - s h e l l   s t r u c t u r e   and  t h e   l i k e   a n y w h e r e .  

T h e r e f o r e ,   t h i s   i n v e n t i o n   c a n n o t   be  a n t i c i p a t e d   by  t h e  

i n s t a n t   l i t e r a t u r e .  

T h i s   i n v e n t i o n   w i l l   be  d e s c r i b e d   in  t h e   c o n c r e t e ,   a s  

f o l l o w s :  

Wi th   r e g a r d   to   t h e   s i l v e r   h a l i d e   g r a i n s   of  t h e   o c t a h e d r a l  

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

s i l v e r   i o d o b r o m i d e   i n c l u d i n g   0 .5   to   15  mol  %  of  s i l v e r  

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

r a n g e   as  no t   to   harm  t h e   e f f e c t   of  t h i s   i n v e n t i o n .  

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



o c t a h e d r o n   w h i c h   is  s u b s t a n t i a l l y   f o r m e d   w i t h   f a c e s   ( 1 1 1 ) ,  

or  a  t e t r a d e c a h e d r o n   f o r m e d   w i t h   t h e   f a c e s   (111)   and  f a c e s  

( 1 0 0 ) .   D i a m e t e r s   of  t h e s e   g r a i n s   a r e   not   to  be  l i m i t e d .  

On  t h e   s u r f a c e s   of  t h e   t e t r a d e c a h e d r a l   s i l v e r   h a l i d e  

g r a i n s   u s e d   in  t h i s   i n v e n t i o n ,   t h e   r a t i o   b e t w e e n   t h e   f a c e s  

(111)   and  f a c e s   (100)   is   no t   l i m i t e d   to   a  s p e c i f i c   r a n g e ,  
bu t   t h e   p e r c e n t a g e   of  t h e   f a c e s   (111)   i s   at   l e a s t   5  %  o f  

t he   w h o l e   s u r f a c e   a r e a   of  t h e   g r a i n s .   The  g r e a t e r   t h e  

p e r c e n t a g e   of  t h e   f a c e s   (111)   i s ,   t h e   g r e a t e r   t h e  

s e n s i t i z a t i o n   e f f e c t   a c c o r d i n g   to   t h e   me thod   of  t h i s  

i n v e n t i o n   i s ,   and  so  t h e   p e r c e n t a g e   of  t h e   f a c e s   (111)   i s  

p r e f e r a b l y   40  %  or  m o r e .   A l s o ,   w i t h   r e g a r d   to   t h e  

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

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

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

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

t h i s   i n v e n t i o n   i s   p r e f e r a b l y   50  %  or  more ,   more  p r e f e r a b l y  

70 %  or  m o r e .   The  e m u l s i o n   in  which   t h e   s i l v e r   h a l i d e  

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

t h i s   i n v e n t i o n   is  most   p r e f e r r e d .  

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

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

the   s i l v e r   h a l i d e   e m u l s i o n   a r e   0 .18   or  l e s s   in  t h e  

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

The  me thod   a c c o r d i n g   to   t h i s   i n v e n t i o n   is  b a s e d   on  t h e  

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

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

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

n i t r o g e n - c o n t a i n i n g   h e t e r o c y c l i c   compound  c a p a b l e   o f  

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

seems  t h a t   when  a  p o l y d i s p e r s e d   e m u l s i o n   is  u s e d ,   t h e  

s c a t t e r   of  a  g r a i n   s u r f a c e   a r e a   is  l a r g e   among  t h e   g r a i n s ,  

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

s u r f a c e s .  



The  u n i f o r m i t y   of  t h e   s i z e   of  t h e   s i l v e r   h a l i d e   g r a i n s  
i n c l u d 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   can  be  r e p r e s e n t e d  
w i t h   a  v a l u e   o b t a i n e d   by  d i v i d i n g   a  s t a n d a r d   d e v i a t i o n   S 

of  a  g r a i n   s i z e   d i s t r i b u t i o n   by  an  a v e r a g e   g r a i n   s i z e  

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

d i a m e t e r   d i s t r i b u t i o n ,   as  shown  by  t h e   f o l l o w i n g   f o r m u l a  

( 1 )  :  

The  a v e r a g e   g r a i n   d i a m e t e r   r e f e r r e d   to   h e r e   means  a n  

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

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

i m a g e s   h a v i n g   t h e   same  a r e a s ,   and  i t   can  be  d e f i n e d   as  r  

by  t h e   f o l l o w i n g   f o r m u l a ,   when  e a c h   g r a i n   d i a m e t e r   is  r i  
and  t h e   number   of  t h e   g r a i n s   is   n . .  

The  g r a i n   d i a m e t e r   m e n t i o n e d   a b o v e   can   be  m e a s u r e d   i n  

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

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

L o v e l a n d ,   " A n a l y t i c a l   Method   of  G r a i n   D i a m e t e r " ,   A . S . T . M .  

S y m p o s i u m   on  L i g h t   M i c r o s c o p y ,   p a g e s   94  to   122  ( 1 9 5 5 ) ,   a n d  

Mies  and  J a m e s ,   " T h e o r y   Of  P h o t o g r a p h i c   P r o c e s s " ,   3 r d  

E d i t i o n ,   Vo lume   2,  M c M i l l a n   C o . ,   L t d .   ( 1 9 6 6 ) .  

In  t h e   f o l l o w i n g   d e s c r i p t i o n ,   t h e   e m u l s i o n   of  0 .18   or  l e s s  

in  t h e   d i s p e r s e   d e g r e e   w i l l   be  r e f e r r e d   to   as  a  

m o n o d i s p e r s e d   e m u l s i o n .  



The  s i l v e r   h a l i d e   e m u l s i o n   a c c o r d i n g   to   t h i s   i n v e n t i o n   c a n  
be  p r e p a r e d   by  the   use   of  m e t h o d s   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   et   P h y e i q u e  
P h o t o g r a p h i q u e " ,   Pau l   M o n t e l   C o . ,   L t d .   ( 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  

( 1 9 6 6 ) ;   and  V.  L.  Z e l i k m a n ,   "Making   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   ( 1 9 6 4 ) .   T h a t   i s  

to  s a y ,   t h e   s i l v e r   h a l i d e   e m u l s i o n   may  be  p r e p a r e d   by  a n y  

of  an  a c i d i c   m e t h o d ,   a  n e u t r a l   m e t h o d   and  an  a m m o n i a  

m e t h o d ,   and  as  a  manne r   of  a l l o w i n g   a  s o l u b l e   s i l v e r   s a l t  

to  r e a c t   w i t h   a  s o l u b l e   h a l o g e n   s a l t ,   an  i n j e c t i o n   m i x i n g  

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

t h e r e o f   may  be  e m p l o y e d .  

As  one  e x a m p l e   of  t h e   a f o r e s a i d   s i m u l t a n e o u s   m i x i n g  

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

m a i n t a i n i n g   a  pAg  in  a  l i q u i d   p h a s e   in  wh ich   t h e   s i l v e r  

h a l i d e   i s   p r o d u c e d ,   i . e .   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 .  

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

i n v e n t i o n   have   a  g r a i n   s t r u c t u r e   c o m p r i s i n g   two  or  m o r e  

l a y e r s   d i f f e r e n t   in  t he   c o n t e n t   of  s i l v e r   i o d i d e ,   and  i t  

is  p r e f e r r e d   t h a t   a  p o r t i o n   of  t he   two  or  more  l a y e r s   a n d  

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

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

t h a n   t h e   a b o v e   p o r t i o n .   The  s u r f a c e - n e a r   p o r t i o n   r e f e r r e d  

to  above   means  an  o u t e r   p o r t i o n   of  t h e   g r a i n   w h i c h   r a n g e s  
from  0 . 0 0 1   to   0 .1   pm  in  t h i c k n e s s   f rom  t he   s u r f a c e .   A 

d i f f e r e n c e   b e t w e n   t he   r e s p e c t i v e   s i l v e r   i o d i d e   c o n t e n t s   i n  

the   s u r f a c e - n e a r   p o r t i o n   and  t he   more  i n s i d e   p o r t i o n   o f  

t he   l a y e r s   is   p r e f e r a b l y   5  mol %  or  m o r e .  

In  t h i s   i n v e n t i o n ,   t h e   l o w e r   t h e   s i l v e r   i o d i d e   c o n t e n t   i n  

the   s u r f a c e - n e a r   p o r t i o n   i s ,   t h e   more  d e s i r a b l e ,   and  i t   i s  

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

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



s i l v e r   h a l i d e   g r a i n s   can  p r o v i d e   a  h i g h   s e n s i t i z a t i o n  

e f f i c i e n c y   and  i s   s u i t a b l e   e s p e c i a l l y   f o r   o b t a i n i n g   a  
s u r f a c e   l a t e n t   image   t y p e   e m u l s i o n .  

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

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

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

c o n t e n t   t h e r e o f   may  be  b o u n d e d   in  a  s h a r p   s t a t e   or  in  a n  

i n d e f i n i t e   and  dim  s t a t e .  

The  d i s t r i b u t i o n   of  t h e   s i l v e r   i o d i d e   in  t h e  

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

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

m e a s u r i n g   l u m i n e s c e n c e   a t   low  t e m p e r a t u r e ,   as  d e s c r i b e d   i n  

A n n u a l   C o n g r e s   L e c t u r e   Summary  B u l l e t i n   in   1981  p u b l i s h e d  

by  N i p p o n   S h a s h i n   G a k k a i .  

In  p r e f e r r e d   e x a m p l e s   of  t h e   s i l v e r   h a l i d e   g r a i n s  

a c c o r d i n g   to   t h i s   i n v e n t i o n ,   t h e   s u r f a c e - n e a r   p o r t i o n   o f  

e a c h   g r a i n   i n c l u d e s   0  to   4  mol  %  of  s i l v e r   i o d i d e   and  t h e  

more  i n s i d e   p o r t i o n   i n c l u d e s   2  to   15  mol  %  of  s i l v e r  

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

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

s i l v e r   b r o m i d e ,   bu t   s i l v e r   c h l o r i d e   may  be  e m p l o y e d   s o  

l o n g   as  i t   d o e s   no t   i m p a i r   t h e   e f f e c t   of  t h i s   i n v e n t i o n ,  

and  i t s   l i m i t   i s   l e s s   t h a n   a p p r o x i m a t e l y   1  mol  %. 

The  s i l v e r   h a l i d e   e m u l s i o n   a c c o r d i n g   to  t h i s   i n v e n t i o n   may 
i n c l u d e   a  m i x t u r e   of  t h e   o c t a h e d r a l   and  t e t r a d e c a h e d r a l  

g r a i n s .  

The  c o r e - s h e l l   t y p e   s i l v e r   h a l i d e   g r a i n s   i n c l u d 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   of  t h i s   i n v e n t i o n   can  each   b e  

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

The  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   g r a i n s   f o r   t he   c o r e s  



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

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

l e v e l .   For  e x a m p l e ,   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   can  be  p r e p a r e d   by  a  m e t h o d   d i s c l o s e d   in  J a p a n e s e  
P a t e n t   P r o v i s i o n a l   P u b l i c a t i o n   No.  4 8 5 2 1 / 1 9 7 9 .   As  o n e  

e x a m p l e ,   t h e   e m u l s i o n   is   m a n u f a c t u r e d   by  a d d i n g   an  a q u e o u s  

p o t a s s i u m   i o d i d e - g e l a t i n   s o l u t i o n   and  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   to  an  a q u e o u s   g e l a t i n  

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

a d d i t i o n   r a t e   v a r i e d   as  a  f u n c t i o n   of  t i m e .   In  t h i s   c a s e ,  

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

r a t e ,   pH,  pAg,  t e m p e r a t u r e   and  t h e   l i k e ,   i t   is   p o s s i b l e   t o  

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

Wi th   r e g a r d   to   t h e   m a n u f a c t u r i n g   m e t h o d s   of  t h e  

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

e x a m p l e ,   West  German  P a t e n t   No.  1 , 1 6 9 , 2 9 0 ,   U.  K.  P a t e n t  

No.  1 , 0 2 7 , 1 4 6 ,   J a p a n e s e   P a t e n t   P r o v i s i o n a l   P u b l i c a t i o n   N o .  

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

can  be  r e f e r r e d   t o .  

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

of  t h i s   i n v e n t i o n ,   t h e r e   may  c o e x i s t ,   f o r   e x a m p l e ,   a  

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

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

c o m p l e x   s a l t .  

In  t h e   n i t r o g e n - c o n t a i n i n g   h e t e r o c y c l i c   compounds   used   i n  

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

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

1 , 2 , 4 - t r i a z o l e   r i n g ,   1 , 2 , 3 - t r i a z o l e   r i n g ,   1 , 3 , 4 - t h i a d i a -  

z o l e   r i n g ,   1 , 2 , 3 - t h i a d i a z o l e   r i n g ,   1 , 2 , 4 - t h i a d i a z o l e   r i n g ,  

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

r i n g ,   1 , 2 , 3 - t r i a z i n e   r i n g ,   1 , 2 , 4 - t r i a z i n e   r i n g ,   1 , 3 , 5 -  

t r i a z i n e   r i n g ,   b e n z o t r i a z o l e   r ing ,   benzimidazole   r i n g ,  

b e n z o t h i a z o l e   ring,  q u i n o l i n e   r ing ,   benzoxazole   r ing,   b e n z o s e l e n a z o l e  



r i n g ,   n a p h t h o t h i a z o l e   r i n g ,   n a p h t h o i m i d a z o l e   r i n g ,   r h o d a n i n e  

r i n g ,   t h i o h y d a n t o i n   r i n g ,   o x a z o l e   r i n g ,   t h i a z o l e   r i n g ,  

o x a d i a z o l e   r i n g ,   s e l e n a d i a z o l e   r i n g ,   n a p h t h o x a z o l e   r i n g ,  

o x a z o l i d i n e d i o n e   r i n g ,   t r i a z o l o t r i a z o l e   r i n g ,   a z a i n d e n e  

r i n g   ( e . g . ,   d i a z a i n d e n e   r i n g ,   t r i a z a i n d e n e   r i n g ,  

t e t r a z a i n d e n e   r i n g   and  p e n t a z a i n d e n e   r i n g ) ,   p h t h a l a z i n e  

r i n g   and  i n d a z o l e   r i n g .  

P r e f e r r e d   n i t r o g e n - c o n t a i n i n g   h e t e r o c y c l i c   compounds   h a v e  

t h e   a z a i n d e n e   r i n g s   among  t h e   a b o v e   r i n g s ,   and  a z a i n d e n e  

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

e . g .   h y d r o x y t r i a z a i n d e n e ,   t e t r a h y d r o x y a z a i n d e n e   a n d  

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

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

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

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

g r o u p ,   h y d r o x y a m i n o   g r o u p ,   a l k y l a m i n o   g r o u p ,   d i a l k y l a m i n o  

g r o u p ,   a r y l a m i n o   g r o u p ,   c a r b o x y   g r o u p ,   a l k o x y c a r b o n y l  

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

m e r c a p t o   g r o u p .  

E x a m p l e s   of  t h e   n i t r o g e n - c o n t a i n i n g   c o m p o u n d s   u sed   in  t h i s  

i n v e n t i o n   a re   as  f o l l o w s ,   b u t   t h e y   a r e   no t   to   be  l i m i t e d  

to   t h e   e x a m p l e s   b e l o w :  





An  amoun t   of  t h e   n i t r o g e n - c o n t a i n i n g   h e t e r o c y c l i c   c o m p o u n d  

to   be  a d d e d   v a r i e s   e x t e n s i v e l y   in  c o m p l i a n c e   w i t h   t h e   s i z e  

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

c o n d i t i o n   and  t h e   l i k e ,   b u t   t h e   compound   is  r e q u i r e d   to   b e  

a d d e d   in  s u c h   an  a m o u n t   as  to   e n a b l e   t h e   f o r m a t i o n   of  f r o m  

a  s i n g l e   m o l e c u l a r   l a y e r   to   10  m o l e c u l a r   l a y e r s   on  t h e  



s u r f a c e   of  each   s i l v e r   h a l i d e   g r a i n .   T h i s   amoun t   can  b e  

a d j u s t e d   by  the   c o n t r o l   of  an  a d s o r p t i o n   e q u i l i b r i u m  

c o n d i t i o n   in  a c c o r d a n c e   w i t h   a  v a r i a t i o n   of  a  pH  a n d / o r  

t e m p e r a t u r e   a t   t he   t i m e   of  r i p e n i n g .  

The  n i t r o g e n - c o n t a i n i n g   h e t e r o c y c l i c   compound  can  be  u s e d  

t o g e t h e r   w i t h   a  s e n s i t i z i n g   dye  a t   t he   t i m e   of  t h e  

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

of  t h i s   i n v e n t i o n .   In  t h i s   c a s e ,   t he   n i t r o g e n - c o n t a i n i n g  

h e t e r o c y c l i c   compound   and  t h e   s e n s i t i z i n g   dye  a r e   a d d e d  

in  s u c h   a  t o t a l   amoun t   as  to   e n a b l e   t he   f o r m a t i o n   of  f r o m  

t h e   s i n g l e   m o l e c u l a r   l a y e r   to   10  m o l e c u l a r   l a y e r s   on  t h e  

s u r f a c e   of  each   s i l v e r   h a l i d e   g r a i n ,   bu t   i t   is  p r e f e r r e d  
t h a t   t h e   amoun t   of  t h e   s e n s i t i z i n g   dye  does   not   e x c e e d   70  

%  of  an  amount   to   p e r m i t   f o r m i n g   t h e   s i n g l e   m o l e c u l a r  

l a y e r   on  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 .  

The  amoun t   of  t he   n i t r o g e n - c o n t a i n i n g   h e t e r o c y c l i c  

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

m o l e c u l a r   l a y e r   can  be  d e t e r m i n e d   by  a  drawn  a d s o r p t i o n  

i s o t h e r m ,   b u t ,   f o r   e x a m p l e ,   when  the   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   g r a i n s   c o m p r i s i r   o c t a h e d r a l   g r a i n s   of  0 . 6 5   um  i n  

d i a m e t e r   a re   c o v e r e d   w i t h   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 ,   i t s   n e c e s s a r y   amount   is  a p p r o x i m a t e l y   2 1 0  

mg/Ag  mol .   T h e r e f o r e ,   an  a r e a   o c c u p i e d   by  t h i s   c o m p o u n d  
is  a p p r o x i m a t e l y   30  A2  per   m o l e c u l e .   For  o t h e r   g r a i n s  

d i f f e r e n t   in  d i a m e t e r ,   t h e   amount   of  t he   compound   may  b e  

f o u n d   by  an  a r e a   p r o p o r t i o n   c a l c u l a t i o n ,   t a k i n g   t h e   v a l u e  

of  t he   above   e x a m p l e   as  a  s t a n d a r d .  

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

t h i s   i n v e n t i o n   a re   p r e f e r a b l y   c o l o r l e s s .  

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

compound  i n t o   the   e m u l s i o n   can  be  c a r r i e d   ou t   in  t h e   f o r m  

of  a  s o l u t i o n   where   i t   is   d i s s o l v e d   in  a  s u i t a b l e   s o l v e n t  



( e . g . ,   w a t e r   or   an  a q u e o u s   a l k a l i n e   s o l u t i o n )   w h i c h   has  n o  
h a r m f u l   i n f l u e n c e   on  t h e   p h o t o g r a p h i c   e m u l s i o n .   T h e  

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

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

s e n s i t i z a t i o n ,   and   i t   i s   p r e f e r r e d   t h a t   t h e   compound   i s  

a d d e d   t h e r e t o   a t   t h e   t i m e   of  or  b e f o r e   t h e   a d d i t i o n   of  a  

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

of  t h e   g o l d   s e n s i t i z e r   may  be  c a r r i e d   ou t   in  t h e   c o u r s e   o f  

or  at   t h e   end  of  t h e   r i p e n i n g   f o r   t h e   s u l p h u r   or  s e l e n i u m  

s e n s i t i z a t i o n .  

The  c o m p l e x   r e f e r r e d   to   h e r e   means  a  c o m b i n a t i o n   of  two  o r  

more  c o m p o u n d s   or  i o n s .  

In  t h i s   i n v e n t i o n ,   known  t y p e s   of  s u l p h u r   s e n s i t i z e r s   c a n  

be  u s e d .   T h e i r   e x a m p l e s   i n c l u d e   t h i o s u l f a t e ,   a l l y t h i o -  

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

t o l u e n e t h i o s u l f o n a t e   and  r h o d a n i n e .   B e s i d e s ,   t h e r e   can  b e  

e m p l o y e d   s u l p h u r   s e n s i t i z e r s   w h i c h   a r e   d i s c l o s e d   in  U . S .  

P a t e n t   Nos.   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 , 5 0 1 , 3 1 3   and  3 , 6 5 6 , 9 5 5 ,   German  P a t e n t   No.  1 , 4 2 2 , 8 6 9 ,   a n d  

J a p a n e s e   P a t e n t   P r o v i s i o n a l   P u b l i c a t i o n   Nos.   2 4 9 3 7 / 1 9 8 1  

and  4 5 0 1 6 / 1 9 8 0 .   The  amoun t   of  t h e   s u l p h u r   s e n s i t i z e r   i s  

such  t h a t   i t   e f f e c t i v e l y   i n c r e a s e s   t h e   s e n s i t i v i t y   of  t h e  

e m u l s i o n .   T h i s   a m o u n t   v a r i e s   o v e r   a  f a i r l y   e x t e n s i v e  

r a n g e   u n d e r   v a r i o u s   c o n d i t i o n s   such   as  t h e   amount   of  t h e  

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

t e m p e r a t u r e   and  t h e   s i z e   of  t h e   s i l v e r   h a l i d e   g r a i n s ,   b u t  

a b o u t   1 0   to   a b o u t   10-1   mol  pe r   mol  of  t h e   s i l v e r   h a l i d e  

i s   p r e f e r a b l e ,   as  a  s t a n d a r d .  

In  p l a c e   of  t h e   s u l p h u r   s e n s i t i z e r s ,   t h i s   i n v e n t i o n   a l l o w s  

u s i n g   s e l e n i u m   s e n s i t i z e r s ,   wh ich   i n c l u d e   a l i p h a t i c  

i s o s e l e n o c y a n a t e s   s u c h   as  a l l y i s o s e l e n o c y a n a t e ,  

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



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

as  d i e t h y l s e l e n i d e   and  d i e t h y l   d i s e l e n i d e .   These   e x a m p l e s  

a r e   d i s c l o s e d   in  U .S .   P a t e n t   Nos.   1 , 5 7 4 , 9 4 4 ,   1 , 6 0 2 , 5 9 2   a n d  
1 , 6 2 3 , 4 9 9 .  

The  amount   of  t h e   s e l e n i u m   s e n s i t i z e r ,   as  in  t he   c a s e   o f  

t h e   s u l p h u r   s e n s i t i z e r ,   v a r i e s   o v e r   an  e x t e n s i v e   r a n g e ,  
bu t   a p p r o x i m a t e l y   10-7   to   10-1   mol  pe r   mol  of  t h e   s i l v e r  

h a l i d e   is   p r e f e r a b l e ,   as  a  s t a n d a r d .  

As  t h e   g o l d   s e n s i t i z e r s   u sed   in  t h i s   i n v e n t i o n ,   a  v a r i e t y  

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

n u m b e r s   of  +1  and  +3  can  be  e m p l o y e d .   T y p i c a l   e x a m p l e s   o f  

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

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

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

ammonium  a u r o t h i o c y a n a t e   and  p y r i d y l t r i c h l o r o g o l d .  

The  amount   of  t h e   g o l d   s e n s i t i z e r   i s   p r e f e r a l b y   w i t h i n   t h e  

r a n g e   of  f rom  a b o u t   10-7   to  10-1   mol  per   mol  of  t h e   s i l v e r  

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

c o n d i t i o n s .  

When  t he   g o l d   s e n s i t i z e r   is  u sed   t o g e t h e r   w i th   t h e   s u l p h u r  

s e n s i t i z e r   or  s e l e n i u m   s e n s i t i z e r ,   g o l d   n u c l e i   and  s i l v e r  

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

p r o d u c e d   as  l i g h t - s e n s i t i v e   n u c l e i .   H o w e v e r ,   t he   n u m b e r  

of  t h e s e   n u c l e i   and  e s p e c i a l l y   t h e   c o m p o s i t i o n   of  t h e  

s i l v e r   g o l d   s u l p h i d e   or  s i l v e r   g o l d   s e l e n i d e   n u c l e i   e x c e r t  

a  g r e a t   i n f l u e n c e   on  an  e l e c t r o n   t r a p   c h a r a c t e r   o r  

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

s e n s i t i z e r   w i t h   r e s p e c t   to  t h e   s u l p h u r   s e n s i t i z e r   o r  

s e l e n i u m   s e n s i t i z e r   has  a  g r e a t   i n f l u e n c e   on  a  
s e n s i t i z a t i o n   e f f e c t .   T h e r e f o r e ,   f o r   t he   p u r p o s e   o f  

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

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

g o l d   s e n s i t i z e r   w i t h   r e s p e c t   to  t h e   s u l p h u r   s e n s i t i z e r   o r  



s e l e n i u m   s e n s i t i z e r   mus t   be  such   t h a t   t h e   number   of  g o l d  
a t o m s   w i t h   r e s p e c t   to   t h e   number   of  s u l p h u r   a toms   c a p a b l e  
of  f o r m i n g   s i l v e r   s u l p h i d e   w i t h   s i l v e r   i o n s   ou t   of  t h e  

s u l p h u r   a toms   i n c l u d e d   in  t h e   s u l p h u r   s e n s i t i z e r   or  t h e  

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

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

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

1 /2   to   1 / 2 0 0 .  

For   e x a m p l e ,   when  s o d i u m   t h i o s u l f a t e   and  s o d i u m  

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

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

t h e   r a n g e   of  1 /2   t o   1 / 2 0 0   w i t h   r e s p e c t   to   t h e   f o r m e r .  

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

s e n s i t i z a t i o n   or  g o l d - s e l e n i u m   s e n s i t i z a t i o n   in  t h i s  

i n v e n t i o n   has  p r e f e r a b l y   a  pAg  of  7 .5   to   1 0 . 0   and  a  pH  o f  

5 .0   to   9 . 0  

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

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

r h o d i u m ,   or  a  s a l t   t h e r e o f .  

In  t h i s   i n v e n t i o n ,   i t   is   f u r t h e r   p o s s i b l e   to   employ   a  

r e d u c t i o n   s e n s i t i z a t i o n   t o g e t h e r .   U s a b l e   r e d u c i n g   a g e n t s  

a r e   no t   p a r t i c u l a r l y   l i m i t e d ,   bu t   t h e i r   e x a m p l e s   i n c l u d e  

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

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

I t   i s   p r e f e r r e d   t h a t   t h e   r e d u c t i o n   s e n s i t i z a t i o n   i s  

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

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

c o m p l e t e d .  

The  s e n s i t i z i n g   p r o c e s s   of  t h i s   i n v e n t i o n   can  a l s o   p e r f o r m  

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



s e n s i t i z i n g   dye  on  the   o c c a s i o n   of  t h e   g o l d - s u l p h u r  
s e n s i t i z a t i o n   or  g o l d - s e l e n i u m   s e n s i t i z a t i o n   of  t h i s  

i n v e n t i o n .   The  s e n s i t i z i n g   d y e s   r e f e r r e d   to   above   m e a n  
dyes   w h i c h   can  e x p a n d   t he   l i g h t - s e n s i t i v e   r e g i o n   of  t h e  
s i l v e r   h a l i d e   f o r   an  e l e c t r o m a g n e t i c   wave  i n t o   t h e   o u t s i d e  

of  an  i n h e r e n t   l i g h t - s e n s i t i v e   wave  r a n g e .   The  c o n c r e t e  

s e n s i t i z i n g   dyes   u s e f u l   in  t h i s   i n v e n t i o n   i n c l u d e   c y a n i n e  

d y e s ,   m e r o c y a n i n e   d y e s ,   h e m i c y a n i n 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   dyes   and  c o n j u g a t e   m e r o c y a n i n e   d y e s .   T h e s e  

dyes   a r e   d i s c l o s e d   i n ,   f o r   e x a m p l e ,   F.  M.  Hamer ,   " T h e  

C y a n i n e   Dye  and  R e l a t e d   C o m p o u n d s "   and  C.  T.  H.  J a m e s ,  

"The  T h e o r y   of  t he   P h o t o g r a p h i c   P r o c e s s ,   F o u r t h   E d i t i o n " ,  

p a g e s   194  to   2 3 4 .  

Among  t h e   a b o v e   r e c i t e d   s e n s i t i z i n g   d y e s ,   t h o s e   w h i c h   a r e  

r e p r e s e n t e d   by  t h e   f o l l o w i n g   g e n e r a l   f o r m u l a   ( I )   a r e  

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

w h e r e i n   R1  and  R2  a re   g r o u p s   s e l e c t e d   f rom  a l k y l  

g r o u p s   ( e . g . ,   a  m e t h y l   g r o u p ,   e t h y l   g r o u p ,   p r o p y l   g r o u p ,  

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

m e t h o x y e t h y l   g r o u p ,   a c e t o x y e t h y l   g r o u p ,   c a r b o x y m e t h y l  

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

s u l f o e t h y l   g r o u p ,   s u l f o p r o p y l   g r o u p ,   s u l f o b u t y l   g r o u p ,  

2 - h y d r o x y - y - s u l f o p r o p y l   g r o u p ,   p r o p y l   s u l p h a t e   g r o u p ,  

a l l y l   g r o u p ,   b e n z y l   g r o u p   and  p h e n e t h y l   g r o u p )   and  a r y l  

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

g r o u p   and  t he   l i k e ) ;   L1,  L2  and  L3  each   a re   m e t h y l e n e  

g r o u p s   ( e . g . ,   a  -CH=  g r o u p ,   - C ( C H 3 ) =   g r o u p ,   - C ( C 2 H 5 ) =  

g r o u p ,   -C(CH2COOH)  g r o u p ,  g r o u p ,   - C ( C 6 H 5 ) =  



g r o u p   and  -C(C6H4COOH)=  g r o u p ) ;   Zl  and  Z2  each   r e p r e s e n t  
a t o m s   or  a t o m i c   g r o u p s   n e c e s s a r y   f o r   t h e   c o m p l e t i o n   of  a  
f i v e - m e m b e r e d   or  s i x - m e m b e r e d   h e t e r o c y c l i c   n u c l e u s ,   f o r  

e x a m p l e ,   a  t h i a z o l i n e   n u c l e u s   ( e . g . ,   t h i a z o l i n e ,   4 -  

m e t h y l t h i a z o l i n e ,   4 - p h e n y l t h i a z o l i n e   or  t h e   l i k e ) ,  

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

t h e   l i k e ) ,   s e l e n a z o l i n e   n u c l e u s   ( e . g . ,   s e l e n a z o l i n e ,  

4 - m e t h y l s e l e n a z o l i n e   or  t h e   l i k e ) ,   t h i a z o l e   n u c l e u s   ( e . g . ,  

t h i a z o l e ,   4 - m e t h y l t h i a z o l e ,   4 - p h e n y l t h i a z o l e ,   5 - m e t h y l -  

t h i a z o l e ,   4 , 5 - d i m e t h y l t h i a z o l e ,   4 , 5 - d i p h e n y l t h i a z o l e   o r  

t h e   l i k e ) ,   s e l e n a z o l e   n u c l e u s   ( e . g . ,   s e l e n a z o l e ,   4 - m e t h y l -  

s e l e n a z o l e   or  t h e   l i k e ) ,   o x a z o l e   n u c l e u s   ( e . g . ,   o x a z o l e ,  

4 - m e t h y l o x a z o l e ,   4 , 5 - d i m e t h y l o x a z o l e ,   5 - e t h y l o x a z o l e ,  

5 - p h e n y l o x a z o l e   or  t h e   l i k e ) ,   b e n z o t h i a z o l e   n u c l e u s   ( e . g . ,  

b e n z o t h i a z o l e ,   4 - c h l o r o b e n z o t h i a z o l e ,   5 - m e t h y l b e n z o t h i a -  

z o l e ,   6 - m e n t h o x y b e n z o t h i a z o l e ,   5 , 6 - d i e m t h o x y b e n z o t h i a z o l e ,  

5 - h y d r o x y b e n z o t h i a z o l e ,   5 - c a r b o x y e t h y l b e n z o t h i a z o l e ,  

6 - s u l p h o b e n z o t h i a z o l e   or  t h e   l i k e ) ,   b e n z o x a z o l e   n u c l e u s  

( e . g . ,   b e n z o x a z o l e ,   5 - c h l o r o b e n z o x a z o l e ,   6 - m e t h y l b e n z -  

o x a z o l e ,   5 - h y d r o x y b e n z o x a z o l e ,   4 , 5 - d i m e t h y l b e n z o x a z o l e   o r  

t h e  l i k e ) ,   b e n z o s e l e n a z o l e   n u c l e u s   ( e . g . ,   b e n z o s e l e n a z o l e ,  

5 - c h l o r o b e n z o s e l e n a z o l e ,   5 - m e t h o x y b e n z o s e l e n a z o l e ,  

5 - h y d r o x y b e n z o s e l e n a z o l e ,   t e t r a h y d r o b e n z o s e l e n a z o l e   or  t h e  

l i k e ) ,   b e n z i m i d a z o l e   n u c l e u s   ( e . g . ,   b e n z i m i d a z o l e ,  

3 - e t h y l b e n z i m i d a z o l e   or  l - p h e n y l - 5 , 6 - d i c h l o r o b e n z i m i d a z o l e  

or  t h e   l i k e ) ,   i n d o l e n i n e   n u c l e u s   ( e . g . ,   3 , 3 - d i m e t h y l -  

i n d o l e n i n e ,   3 , 3 - d i e t h y l i n d o l e n i n e ,   3 , 3 , 7 - t r i m e t h y l -  

i n d o l e n i n e   or  t h e   l i k e ) ,   n a p h t h o t h i a z o l e   n u c l e u s   ( e . g . ,  

n a p h t o ( 2 , l - d ) - t h i a z o l e ,   n a p h t h o ( 1 , 2 - d ) t h i a z o l e ,   5 - m e t h o x y -  

n a p h t h o ( 2 , 3 - d ) t h i a z o l e   or  t h e   l i k e ) ,   n a p h t h o x a z o l e   n u c l e u s  

( e . g . ,   n a p h t h o ( 2 , l - d ) o x a z o l e   or  n a p h t h o ( 1 , 2 - d ) o x a z o l e ) ,  

n a p h t h o s e l e n a z o l e   n u c l e u s   ( e . g . ,   n a p h t h o ( 2 , l - d ) s e l e n a z o l e ,  

n a p h t h o ( 1 , 2 - d ) s e l e n a z o l e   or  t h e   l i k e ) ,   t h i e n o t h i a z o l e  

n u c l e u s ,   p y r i d i n e   n u c l e u s   ( e . g . ,   2 - p y r i d i n e ,   5 - m e t h y l -  

2 - p y r i d i n e ,   4 - p y r i d i n e ,   3 - m e t h y l - 4 - p y r i d i n e   or  t h e   l i k e ) ,  

q u i n o l i n e   n u c l e u s   ( e . g . ,   2 - q u i n o l i n e ,   3 - m e t h y l - 2 -  

q u i n o l i n e ,   6 - c h l o r o - 2 - q u i n o l i n e ,   8 - h y d r o x y - 2 - q u i n o l i n e ,  



4 - q u i n o l i n e ,   6 - m e t h o x y - 4 - q u i n o l i n e ,   1 - i s o q u i n o l i n e ,  

3 , 4 - d i h y d r o - l - i s o q u i n o l i n e ,   3 - i s o q u i n o l i n e   or  t he   l i k e ) ;  
m1  and  m2  each   r e p r e s e n t   0  or  1;  nl  r e p r e s e n t s   0,  1  or  2 ;  
X  r e p r e s e n t s   an  a c i d i c   a n i o n   q r o u p   ( e . q . ,   C l ,   Br,   I ,  

C lO4  , CH3SO4  and  C2H5SO4);   a n d  l  

r e p r e s e n t s   1  o r   2,  bu t   when  t h e   compound   fo rms   an  i n n e r  

s a l t ,   t h e  l   r e p r e s e n t s   1 .  

T y p i c a l   e x a m p l e s   of  t h e   s e n s i t i z i n g   dyes   r e p r e s e n t e d   b y  

t h e   a f o r e s a i d   g e n e r a l   f o r m u l a   (I)   u s e d   in  t h i s   i n v e n t i o n  

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

i n v e n t i o n   a re   no t   to   be  l i m i t e d   t h e r e t o :  















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

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

a  p a r t i c u l a r   l i m i t a t i o n   i s   no t   made  and  any  p r o c e d u r e   i s  

a p p l i c a b l e .   For   e x a m p l e ,   as  i t s   t y p i c a l   e x a m p l e s ,   t h e r e  

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

p r o c e s s i n g   is  c a r r i e d   o u t ;   i f   d e s i r e d ,   f o l l o w e d   b y  

w a s h i n g ;   and  s t a b i l i z a t i o n   i s   t h e n   g i v e n ;   and  a  s y s t e m   i n  

w h i c h   a f t e r   c o l o r   d e v e l o p m e n t ,   b l e a c h   and  f i x a t i o n   a r e  

s e p a r a t e l y   c a r r i e d   o u t ;   i f   d e s i r e d ,   f o l l o w e d   by  w a s h i n g ;  
and  s t a b i l i z a t i o n   i s   t h e n   g i v e n .  

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

t h e   m e t h o d   of  t h i s   i n v e n t i o n   can  s u i t a b l y   be  a p p l i e d   t o  

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

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

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

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

be  a p p l i e d   e f f e c t i v e l y   to   a  v a r i e t y   of  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 s   f o r   use   in  a  b l a c k - a n d - w h i t e   p h o t o g r a p h y ,   X - r a y  

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

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

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

( B e s t   E x a m p l e s   f o r   I m p l e m e n t a t i o n   of  t h e   I n v e n t i o n )  

T h i s   i n v e n t i o n   w i l l   be  d e s c r i b e d   in  t h e   c o n c r e t e   i n  

a c c o r d a n c e   w i t h   e x a m p l e ,   b u t   i t   is   no t   to   be  l i m i t e d   t o  

t h e m .  

E x a m p l e   1 

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

p r e p a r e d   by  a  d o u b l e   j e t   m e t h o d ,   in  w h i c h   a  pAg  and  pH 

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

J a p a n e s e   P a t e n t   P r o v i s i o n a l   P u b l i c a t i o n   No.  4 8 5 2 1 / 1 9 7 9  

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



to   as  E m u l s i o n   ( 1 ) ) .   Each  of  t h e   above   g r a i n s   had  a n  

a v e r a g e   d i a m e t e r   of  0 . 9  F m   and  c o m p r i s e d   a  c o r e   of  s i l v e r  

i o d o b r o m i d e   c o n t a i n i n g   2  mol  %  of  s i l v e r   i o d i d e   and  a  
s h e l l   t h e r e o n   of  s i l v e r   b r o m i d e   h a v i n g   an  a v e r a g e  
t h i c k n e s s   of  0 . 0 1 6   pm.  Wi th   r e g a r d   to  t h e   s i l v e r   h a l i d e  

g r a i n s   of  E m u l s i o n   ( 1 ) ,   t h e   d e g r e e   of  d i s p e r s i o n   of  t h e i r  

g r a i n   s i z e   d i s t r i b u t i o n   was  0 . 1 5 .   A f t e r   u s u a l   d e s a l t i n g ,  

t h i s   e m u l s i o n   was  d i v i d e d   i n t o   9  p o r t i o n s ,   and  a  p r e -  

p r e d e t e r m i n e d   amount   of  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   ( h e r e i n a f t e r   b r i e f l y   r e f e r r e d   to  as  C o m p o u n d  

( I ) )   was  added   t h e r e t o ,   as  shown  in  T a b l e   1.  In  t h i s  

c a s e ,   i f   d e s i r e d ,   a  pH  of  e ach   p o r t i o n   was  a d j u s t e d   to   a  

p r e d e t e r m i n e d   l e v e l   w i th   an  a q u e o u s   p o t a s s i u m   h y d r o x i d e  

s o l u t i o n .  

The  t h u s   p r e p a r e d   r e s p e c t i v e   e m u l s i o n s   were   s u b j e c t e d   to  a  

s u l p h u r   s e n s i t i z a t i o n   or  g o l d - s u l p h u r   s e n s i t i z a t i o n   a t   a  

r i p e n i n g   t e m p e r a t u r e   of  55°C ,   w i t h   t he   r i p e n i n g   t e m -  

p e r a t u r e   a d j u s t e d   so  as  to   r e d u c e   as  l o w  a   fog  as  p o s s i b l e  

and  to  o b t a i n   as  h i g h   a  s e n s i t i v i t y   as  p o s s i b l e .   A f t e r  

c o m p l e t i o n   of  t h e   r i p e n i n g ,   Compound  (I)   above   was  a d d e d  

to  e v e r y   e m u l s i o n   so  t h a t   t h e . c o n c e n t r a t i o n   of  C o m p o u n d  

(I)   m i g h t   become  e q u a l   ( 1 . 4   g / m o l   AgX)  in  e v e r y   e m u l s i o n .  

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

a g e n t ,   a  t h i c k e n i n g   a g e n t   and  a  h a r d e n i n g   a g e n t   were   a d d e d  

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

t e r e p h t h a l a t e   f i l m   b a s e s   were   c o a t e d   w i t h   the   e m u l s i o n   s o  
t h a t   t he   Ag  amount   m i g h t   be  50  mg/dm2,   f o l l o w e d   by  d r y i n g  

to  p r e p a r e   S a m p l e s   1  to  9 .  

The  s e n s i t o m e t r y   of  t h e s e   s a m p l e s   was  p e r f o r m e d   a s  

f o l l o w s :   With  r e g a r d   to   e x p o s u r e ,   a  1 /50   s e c o n d   e x p o s u r e  

was  c a r r i e d   out   t h r o u g h   an  o p t i c a l   wedge  by  t he   use   of  a  

t u n g s t e n   lamp  ( c o l o r   t e m p e r a t u r e   5 , 4 0 0 ° K )   and  a  1 0 - 6  

s e c o n d   e x p o s u r e   was  done  by  t h e   use  of  a  xenon   f l a s h .  

D e v e l o p m e n t   was  p e r f o r m e d   a t   a  t e m p e r a t u r e   of  20°C  fo r   a  

p e r i o d   of  10  m i n u t e s   w i t h   t h e   f o l l o w i n g   d e v e l o p i n g  
s o l u t i o n :  



R e s u l t s   a r e   s e t   f o r t h   in  T a b l e   1.  S e n s i t i v i t i e s   each   m e a n  

a  r e c i p r o c a l   number   of  an  e x p o s u r e   n e c e s s a r y   to  o b t a i n   a  

fog   d e n s i t y   of  + 0 . 1   and  a r e   r e p r e s e n t e d   w i t h   r e l a t i v e  

s e n s i t i v i t e s ,   t a k i n g   a  v a l u e   of  S a m p l e s   1  and  6  as  1 0 0 .  





As  i s   c l e a r   f rom  t h e   c o m p a r i s o n   b e t w e e n   S a m p l e s   1  to   5  i n  

T a b l e   1  a b o v e ,   t h e   s a m p l e s   p r e p a r e d   by  t h e   m e t h o d   of  t h i s  

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

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

n o t i c e a b l e .  

F u r t h e r ,   as  u n d e r s t o o d   f rom  t h e   c o m p a r i s o n   b e t w e e n   S a m p l e s  

6  and   7,  when  t h e   s u l p h u r   s e n s i t i z a t i o n   was  o n l y   c a r r i e d  

o u t   and  Compound  (I)   was  a d d e d ,   d e s e n s i t i z a t i o n   a d v e r s e l y  
o c c u r r e d   r a t h e r   t h a n   s e n s i t i z a t i o n .   On  t h e   c o n t r a r y ,   t h e  

c o m p a r i s o n   b e t w e e n   S a m p l e s   6,  8  and  9  i n d i c a t e s   t h a t   w h e n  

t h e   g o l d   s e n s i t i z a t i o n   was  e m p l o y e d   t o g e t h e r   w i t h   t h e  

s u l p h u r   s e n s i t i z a t i o n   and  when  Compound  (I)  was  p r e s e n t ,   a  
r e m a r k a b l e   s e n s i t i z a t i o n   e f f e c t   was  o b t a i n e d .  

E x a m p l e   2 

E m u l s i o n   (1)  p r e p a r e d   in  E x a m p l e   1  was  d i v i d e d   i n t o   2 

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

s e n s i t i z i n g e w   d y e ,   a n h y d r o - 3 , 3 ' - d i - ( 3 - s u l f o p r o p y l ) -  

5 , 5 ' - d i c h l o r o - 9 - e t h y l t h i a c a r b o c y a n i n e   h y d r o x i d e ,   was  a d d e d  

in  an  amoun t   of  140  mg/mol   AgX  as  a  m e t h a n o l i c   s o l u t i o n .  

T h e n ,   5  m i n u t e s   a f t e r   t h e   a d d i t i o n ,   210  mg/mol   AgX  o f  

Compound  (I)   was  a d d e d   to  e i t h e r   e m u l s i o n   and  t h e   pH  w a s  

a d j u s t e d   to   6 . 5 .   T h e s e   e m u l s i o n s   were   s u b j e c t e d   to   a  

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

53°C,   w i t h   t h e   r i p e n i n g   t e m p e r a t u r e   a d j u s t e d   so  as  t o  

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

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

r i p e n i n g ,   Compound  (I)   was  f u r t h e r   a d d e d   so  t h a t   t h e  

c o n c e n t r a t i o n   of  Compound  (I)   m i g h t   become   c o n s t a n t   ( 1 . 4  

g / m o l   AgX)  in  e v e r y   e m u l s i o n .  

To  t h e s e   e m u l s i o n s   were   a d d e d   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  

( h e r e i n a f t e r   r e f e r r e d   to   as  Compound  ( I I ) )   and  t h e  

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



u s e d   p h o t o g r a p h i c   a d d i t i v e s   such   as  a  s p r e a d i n g   a g e n t   a n d  

a  h a r d e n i n g   a g e n t .   And,  t r i a c e t a t e   b a s e s   were   c o a t e d   w i t h  

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

m i g h t   be  20  mg/dm2,   f o l l o w e d   by  d r y i n g   in  o r d e r   to   p r e p a r e  
S a m p l e   12  and  1 3 .  

The  c o u p l e r   d i s p e r s i n g   s o l u t i o n   was  p r e p a r e d   as  f o l l o w s :  

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  50  ml  o f  

e t h y l   a c e t a t e   was  c o m p l e t e l y   d i s s o l v e d   80  g  of  1 - h y d r o x y -  

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

and  2  g  of  s o r b i t a n   m o n o l a u r a t e   was  f u r t h e r   a d d e d   t h e r e t o .  

The  r e s u l t a n t   s o l u t i o n   was  a d d e d   to   1  kg  of  a  10 %  b y  

w e i g h t   a q u e o u s   g e l a t i n   s o l u t i o n   i n c l u d i n g   2 .5   g  o f  

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

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

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

d i s p e r s i n g   s o l u t i o n .  

The  above   s a m p l e s   were   s u b j e c t e d   to  t h e   same  w e d g e  

e x p o s u r e   as  in  E x a m p l e   1,  and  were   t h e n   c o l o r   d e v e l o p e d   a t  

a  t e m p e r a t u r e   of  38°C  f o r   a  p e r i o d   of  3  m i n u t e s   w i t h   a  
c o l o r   d e v e l o p i n g   s o l u t i o n   h a v i n g   t he   f o l l o w i n g  

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



R e s u l t s   a r e   s e t   f o r t h   in  T a b l e   2  b e l o w .   As  is   c l e a r   f r o m  

T a b l e   2,  t h e   s a m p l e ,   w h i c h   was  p r e p a r e d   u n d e r   c o n d i t i o n s  

t h a t   t h e   n i t r o g e n - c o n t a i n i n g   h e t e r o c y c l i c   compound   and  t h e  

s e n s i t i z i n g   dye  were   t o g e t h e r   p r e s e n t   a t   t h e   t i m e   of  t h e  

g o l d - s u l p h u r   s e n s i t i z a t i o n   of  t h i s   i n v e n t i o n ,   had  a l s o   a  

r e m a r k a b l y   h i g h   s e n s i t i v i t y .  





E x a m p l e   3 

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

( h e r e i n a f t e r   r e f e r r e d   to   as  E m u l s i o n   ( 2 ) )   i n c l u d i n g   g r a i n s  

of  0 .9   pm  in  a v e r a g e   d i a m e t e r   was  p r e p a r e d   by  a  d o u b l e   j e t  

m e t h o d   in  w h i c h   a  pAg  and  pH  were   c o n t r o l l e d .   Each  of  t h e  

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

c o n t a i n i n g   2  mo le   %  of  s i l v e r   i o d i d e   and  a  s h e l l   t h e r e o n  

of  s i l v e r   b r o m i d e   h a v i n g   an  a v e r a g e   t h i c k n e s s   of  0 . 0 1 6  p m .  
Wi th   r e g a r d   to   t h e   s i l v e r   h a l i d e   g r a i n s   of  E m u l s i o n   ( 2 ) ,  

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

was  0 . 1 4 .   A f t e r   u s u a l   d e s a l t i n g ,   t h i s   e m u l s i o n   w a s  

d i v i d e d   i n t o   3  p o r t i o n s .   One  of  them  was  p r o c e s s e d   as  a  

c o n t r o l ,   and  Compound  ( I )   was  a d d e d   to   each   of  t h e  

r e m a i n d e r   in  an  a m o u n t   shown  in  T a b l e   3.  A f t e r w a r d ,   a  pH 

of  each   e m u l s i o n   was  a d j u s t e d   to   a  p r e d e t e r m i n e d   l e v e l .  

The  t h u s   p r e p a r e d   e m u l s i o n s   were   s u b j e c t e d   to  g o l d - s u l p h u r  

s e n s i t i z a t i o n   w h i c h   s e e m e d   to   be  mos t   s u i t a b l e .   A f t e r  

c o m p l e t i o n   of  t h e   r i p e n i n g ,   Compound  (I)   was  f u r t h e r   a d d e d  

t h e r e t o   so  t h a t   t h e   c o n t e n t   of  t h e   c o m p o u n d   m i g h t   b e  

c o n s t a n t   ( 1 . 4   g / m o l   AgX)  in  e v e r y   e m u l s i o n .   T h e s e  

e m u l s i o n s   were   e v a l u a t e d   in  t h e   same  m a n n e r   as  in  E x a m p l e  

1.  R e s u l t s   a r e   s e t   f o r t h   in  T a b l e   3  b e l o w :  





As  u n d e r s t o o d   f rom  T a b l e   3,  a l s o   in  t h e   c a s e   of  t h e   s i l v e r  

h a l i d e   g r a i n s   of  t h e   t e t r a d e c a h e d r a l   c r y s t a l s ,   t h e   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 i s   i n v e n t i o n   were   r e m a r k a b l y  

h i g h   in  s e n s i t i v i t i e s .  

R e f e r e n c e   E x a m p l e s  

In  E x a m p l e   1,  in  p l a c e   of  E m u l s i o n   ( 1 ) ,   an  e m u l s i o n  

( h e r e i n a f t e r   r e f e r r e d   to   as  E m u l s i o n   ( 3 ) ;   d e g r e e   o f  

d i s p e r s i o n   0 . 1 5 )   and  a n o t h e r   e m u l s i o n   ( h e r e i n a f t e r  

r e f e r r e d   to   as  E m u l s i o n   ( 4 ) ;   d e g r e e   of  d i s p e r s i o n   0 . 1 4 )  

w e r e   u s e d .   E m u l s i o n   (3)  a b o v e   c o m p r i s e d   c o r e - s h e l l   t y p e  

s i l v e r   i o d o b r o m i d e   g r a i n s   ( c o r e   . . .   s i l v e r   i o d o b r o m i d e  

i n c l u d i n g   2  mol  %  of  s i l v e r   i o d i d e ;   s h e l l   . . .   s i l v e r   b r o m i d e  

of  0 . 0 2   pm  in  a v e r a g e   t h i c k n e s s )   of  0 . 6 5   µm  in  a v e r a g e  

d i a m e t e r ,   and  E m u l s i o n   (4)  a b o v e   c o m p r i s e d   t w i n n e d   c r y s t a l  

s i l v e r   i o d o b r o m i d e   g r a i n s   ( i n c l u d i n g   2  mol %  of  s i l v e r  

i o d i d e )   h a v i n g   i r r e g u l a r   s h a p e s   wh ich   had  h e r e t o f o r e   b e e n  

u s e d   g e n e r a l l y   on  p r o d u c t s .   The  same  c h e m i c a l  

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

p r e p a r e   S a m p l e s   15  to  17  in  w h i c h   E m u l s i o n   (3)  was  u s e d ,  
and  S a m p l e s   18  to   20  in  w h i c h . E m u l s i o n   (4)  was  u s e d .  

T h e s e   s a m p l e s   were   e v a l u a t e d   in  t h e   same  m a n n e r   as  i n  

E x a m p l e   1.  R e s u l t s   o b t a i n e d   a r e   s e t   f o r t h   in  T a b l e   4 

b e l o w :  





In  t h e   c a s e   of  R e f e r e n c e   E x a m p l e   d e s c r i b e d   a b o v e ,   10  to  50  

mg/AgX  mol  of  ammonium  t h i o c y a n a t e   was  a d d e d ,   b e c a u s e   w h e n  

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

s e n s i t i z e r s ,   t h e   s e n s i t i z a t i o n   r a t e   was  v e r y   b a d .  

As  i s   c l e a r   f rom  T a b l e   4,  when  t h e   e m u l s i o n   c o m p r i s i n g   t h e  

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

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

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

E x a m p l e   4 

In  p l a c e   of  s o d i u m   t h i o s u l f a t e ,   1 , 1 - d i p h e n y l t h i o u r e a  

( S e n s i t i z e r   A)  and  N - e t h y l - N ' - 4 - t h i a z o l y l t h i o u r e a  

( S e n s i t i z e r   B),   as  s u l p h u r   s e n s i t i z e r s ,   we re   u s e d   i n  

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

e x p e r i m e n t   was  c a r r i e d   o u t   in   t h e   same  manne r   as  i n  

E x a m p l e   1.  R e s u l t s   a r e   s e t   f o r t h   in  T a b l e   5  b e l o w .  





As  i s   c l e a r   f rom  T a b l e   5,  i t   can  be  u n d e r s t o o d   t h a t  

s e n s i t i z a t i o n   e f f e c t   d i d   no t   d e p e n d   on  t h e   k i n d   of  s u l p h u r  

s e n s i t i z e r ,   and  even   a  t h i o u r e a   d e r i v a t i v e   s e n s i t i z e r  

p r o v i d e d   t h e   same  s e n s i t i z a t i o n   e f f e c t   as  in  s o d i u m  

t h i o s u l f a t e .  

E x a m p l e   5 

F o l l o w i n g   t h e   p r o c e d u r e   of  E x a m p l e   1,  two  c o r e - s h e l l   t y p e  

o c t a h e d r a l   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 s   ( i n   each   of  b o t h  

t h e   e m u l s i o n s ,   t h e   c o n t e n t   of  AgI  was  8  mol  %;  t h e   a v e r a g e  
d i a m e t e r   of  t h e   g r a i n s   was  0 .65   um;  t h e   c o r e s   were   m a d e  

f r o m   s i l v e r   i o d o b r o m i d e ;   t h e   s h e l l s   were   made  f rom  s i l v e r  

b r o m i d e ;   and  t h e   t h i c k n e s s   of  e ach   s h e l l   was  0 . 0 1 6   µm)  o f  

0 . 2 0   and  0 . 1 0   in  d e g r e e   of  d i s p e r s i o n   we re   p r e p a r e d .   T o  

t h e   r e s p e c t i v e   e m u l s i o n s   were   a d d e d   50  mg /mol   AgX  of  t h e  

f o l l o w i n g   s e n s i t i z i n g   dye  A,  40  mg/mol   AgX  of  t h e  

f o l l o w i n g   o t h e r   s e n s i t i z i n g   dye  B,  90  mg /mol   AgX  o f  

Compound   ( I ) ,   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  50 

m g / m o l   AgX  of  ammonium  t h i o c y a n a t e ,   and  t h e   same  c h e m i c a l  

s e n s i t i z a t i o n   as  in  E x a m p l e   1  and  a  s p e c t r a l   s e n s i t i z a t i o n  

were   c a r r i e d   o u t   ( e i t h e r   c o n t r o l   e m u l s i o n   i n c l u d e d   n o  

Compound   (I)   and  was  s u b j e c t e d   to  s e n s i t i z a t i o n   r i p e n i n g ) .  

To  t h e   t h u s   p r e p a r e d   e m u l s i o n s   were   f u r t h e r   a d d e d   t h e  

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

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

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

two  e m u l s i o n s   r e s p e c t i v e l y ,   f o l l o w e d   by  d r y i n g   in  o r d e r   t o  

p r e p a r e   S a m p l e s   26  and  28  

( S e n s i t i z i n g   d y e )  



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

n a p h t h o a m i d e  

( S t a b i l i z e r )  

(a)  Compound  ( I )  

(b)  Compound  ( I I )  

S e n s i t o m e t r y   was  c a r r i e d   ou t   f o r   t he   a f o r e m e n t i o n e d  

s a m p l e s   in  t he   same  m a n n e r   as  in  E x a m p l e   2.  R e s u l t s  
o b t a i n e d   a r e   s e t   f o r t h   in  T a b l e   6  b e l o w :  





T a b l e   6  i n d i c a t e s   t h a t   when  t h e   e m u l s i o n   wh ich   was  low  i n  

t h e   d e g r e e   of  d i s p e r s i o n ,   i . e .   good  in  m o n o d i s p e r s i b i l i t y  

was  s u b j e c t e d   to  g o l d - s u l p h u r   s e n s i t i z a t i o n   in  t h e  

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

E x a m p l e   6 

F o l l o w i n g   t h e   p r o c e d u r e   of  E x a m p l e   1,  an  e m u l s i o n  

( h e r e i n a f t e r   r e f e r r e d   to   as  E m u l s i o n   (5 ) )   and  a n o t h e r  

e m u l s i o n   ( h e r e i n a f t e r   r e f e r r e d   to   as  E m u l s i o n   (6 ) )   w e r e  

p r e p a r e d .   E m u l s i o n   (5)  a b o v e   was  a  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   ( t h e   c o n t e n t   of  s i l v e r   i o d i d e   was  6  mol  %  and  t h e  

d e g r e e   of  d i s p e r s i o n   was  0 . 1 2 )   c o m p r i s i n g   a  s i l v e r   h a l i d e  

of  o c t a h e d r a l   c r y s t a l s   h a v i n g   an  a v e r a g e   d i a m e t e r   of  0 . 6 5  

pm,  w i t h   t h e   s i l v e r   i o d i d e   d i s t r i b u t e d   u n i f o r m l y   in  t h e  

s i l v e r   h a l i d e ;   E m u l s i o n   (6)  a b o v e   was  a  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   ( t h e   c o n t e n t   of  s i l v e r   i o d i d e   was  8  mol  %  and  t h e  

d e g r e e   of  d i s p e r s i o n   was  0 . 1 2 )   c o m p r i s i n g   a  s i l v e r   h a l i d e  

of  o c t a h e d r a l   c r y s t a l s   h a v i n g   an  a v e r a g e   d i a m e t e r   of  0 . 6 5  

pm,  w i t h   t h e   c o r e s   of  t h e   c r y s t a l s   c o a t e d   w i t h   t h e   s i l v e r  

b r o m i d e   s h e l l s   of  0 . 0 1 6   um  in  t h i c k n e s s .  

To  each   of  E m u l s i o n s   (5)  and  (6)  a b o v e   was  added   2 2 0  

mg/mol   AgX  of  Compound  ( I ) ,   and  t h e y   were   t h e n   s u b j e c t e d  

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

and  g o l d - s u l p h u r   s e n s i t i z a t i o n   in  t h e   same  manner   as  i n  

Example   1.  As  t h e   c h e m i c a l   s e n s i t i z e r s ,   t h e r e   w e r e  

e m p l o y e d   5 .7  mg/mol   AgX  of  s o d i u m   t h i o s u l f a t e  

( p e n t a h y d r a t e ) ,   0 . 62   mg/mol  AgX  of  c h l o r o a u r i c   a c i d  

( t e t r a h y d r a t e )   and  50  mg/mol   AgX  of  ammonium  t h i o c y a n a t e .  

N e x t ,   a  v a r i e t y   of  p h o t o g r a p h i c   a d d i t i v e s   was  r e s p e c t i v e l y  

added   to   each   e m u l s i o n   in  t h e   same  manne r   as  in  E x a m p l e   1 

in  o r d e r   to   p r e p a r e   S a m p l e s   29  to   32,  and  e v a l u a t i o n   w a s  

c a r r i e d   ou t   f o r   them  l i k e   E x a m p l e   1,  o b t a i n e d   r e s u l t s  

b e i n g   s e t   f o r t h   in  T a b l e   7.  S e n s i t i v i t i e s   a re   r e p r e s e n t e d  



w i t h   r e l a t i v e   s e n s i t i v i t i e s ,   t a k i n g ,   as  a  s t a n d a r d   ( 1 0 0 ) ,  

a  s e n s i t i v i t y   o b t a i n e d   by  s u b j e c t i n g ,   to   a  1 /50   s e c o n d  

e x p o s u r e ,   t h e   s a m p l e   w h i c h   was  p r e p a r e d   o n l y   by  t h e  

s u l p h u r   s e n s i t i z a t i o n   of  E m u l s i o n   5 .  

As  be  d e f i n i t e   f rom  T a b l e   7,  t h e   c a s e   ( S a m p l e   32)  of  t h i s  

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

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

n o t i c e a b l e   s e n s i t i z a t i o n   e f f e c t .  

E x a m p l e   7 

The  f o l l o w i n g   e m u l s i o n s   ( 7 ) ,   ( 8 ) ,   (9)  and  (10)  w e r e  

p r e p a r e d   by  t h e   d o u b l e   j e t   m e t h o d ,   as  in  E x a m p l e   1 .  

E m u l s i o n   ( 7 ) :   An  e m u l s i o n   of  s i l v e r   i o d o b r o m i d e   p o l y -  

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

a v e r a g e   d i a m e t e r   of  0 . 65   µm  ( t h e   d e g r e e  

of  d i s p e r s i o n   0 . 3 4 ,   and  t h e   c o n t e n t   o f  

s i l v e r   i o d i d e   8  mole   %) 

E m u l s i o n s   ( 8 ) ,   (9)  and  ( 1 0 ) :   They  a l l   were  m o n o -  

d i s p e r s e d   c o r e - s h e l l   t y p 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 s   ( each   of  w h i c h  

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

g r a i n s ,   an  a v e r a g e   d i a m e t e r   t h e r e o f  

b e i n g   0 . 6 5   pm,  t h e   c o n t e n t   of  s i l v e r  

i o d i d e   t h e r e i n   b e i n g   8  mol  %,  s h e l l s  
of  t h e   g r a i n s   h a v i n g   a  t h i c k n e s s   o f  

0 . 0 1 6   pm  and  b e i n g   made  f rom  s i l v e r  

b r o m i d e ) ,   and  E m u l s i o n s   ( 8 ) ,   (9)  a n d  

(10)  c o m p r i s e d   c u b i c   c r y s t a l s ,   o c t a -  

h e d r a l   c r y s t a l s   and  t e t r a d e c a h e d r a l  

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

To  E m u l s i o n s   ( 8 ) ,   (9)  and  (10)   above   were   r e s p e c t i v e l y  

a d d e d   14  mg/mol   AgX  of  s o d i u m   t h i o s u l f a t e   ( p e n t a h y d r a t e )  

and  1 . 1 3   mg /mol   AgX  of  c h l o r o a u r i c   a c i d   ( t e t r a h y d r a t e )   a t  

t h e   same  t i m e ,   and  a  g o l d - s u l p h u r   s e n s i t i z a t i o n   w a s  

c a r r i e d   o u t   as  in  E x a m p l e   1.  H o w e v e r ,   220  mg/mol   AgX  o f  

Compound  (I)  was  a d d e d   a t   d i f f e r e n t   t i m e s   of  a d d i t i o n   t i m e  

(1)  (5  m i n u t e s   b e f o r e   t h e   a d d i t i o n   of  t h e   c h e m i c a l  

s e n s i t i z e r ) ,   a d d i t i o n   t i m e   (2)  (30  m i n u t e s   a f t e r   t h e  

a d d i t i o n   of  t h e   c h e m i c a l   s e n s i t i z e r ) ,   and  a d d i t i o n   t i m e  

(3)  ( a f t e r   t h e   c o m p l e t i o n   of  t h e   c h e m i c a l   s e n s i t i z a t i o n ) .  

F u r t h e r ,   v a r i o u s   p h o t o g r a p h i c   a d d i t i v e s   were  added   to   t h e  

r e s p e c t i v e   e m u l s i o n s   in  t h e   same  manner   as  in  E x a m p l e   1  i n  

o r d e r   to   p r e p a r e   S a m p l e s   33  to   44,  and  e v a l u a t i o n   w a s  

c a r r i e d   ou t   as  in  E x a m p l e   1.  R e s u l t s   o b t a i n e d   a r e   s e t  

f o r t h   in  T a b l e   8  b e l o w .   The  r e l a t i v e   s e n s i t i v i t i e s   in  t h e  

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

100,   s e n s i t i v i t i e s   o b t a i n e d   by  s u b j e c t i n g ,   to   a  1 / 5 0  

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

Compound  (I)   to   t h e   r e s p e c t i v e   e m u l s i o n s   a t   a d d i t i o n   t i m e  

(3)  a b o v e   and  by  c a r r y i n g   o u t   t h e   c h e m i c a l   s e n s i t i z a t i o n .  





When  S a m p l e s   39  and  40  a r e   c o m p a r e d   w i t h   Sample   41  a n d  
when  S a m p l e s   42  and  43  a r e   done  w i t h   Sample   44,  i t   w i l l   b e  

f o u n d   t h a t   Compound  (I)   c a n n o t   e n h a n c e   t h e   e f f e c t   of  t h i s  
i n v e n t i o n   even   i f   t h e   compound   is   added   a f t e r   t h e  

c o m p l e t i o n   of  t h e   c h e m i c a l   s e n s i t i z a t i o n .   F u r t h e r ,   a s  
s e e n   f rom  t h e   r e s u l t s   of  S a m p l e s   33  to   38,  t h e   e m u l s i o n  

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

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

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

i n v e n t i o n   i n v e r s e l y   e x h i b i t   t h e   g r e a t e r   s e n s i t i z a t i o n  

e f f e c t ,   when  Compound  ( I )   is   a d d e d   a f t e r   t h e   c o m p l e t i o n   o f  

t h e   c h e m i c a l   s e n s i t i z a t i o n .   T h e r e f o r e ,   i t   s h o u l d   be  n o t e d  

t h a t   t h e   a d d i t i o n   t i m e   of  C o m p o s i t i o n   (I)   i s  

u n p r e d i c t a b l e .  

Example   8 

F o l l o w i n g   t h e   p r o c e d u r e   of  E x a m p l e   1,  a  m o n o d i s p e r s e d  

e m u l s i o n   was  p r e p a r e d   by  t h e   d o u b l e   j e t   me thod   in  wh ich   a  

pAg  and  pH  were   c o n t r o l l e d ,   wh ich   m o n o d i s p e r s e d   e m u l s i o n  

was  c o m p o s e d   of  t e t r a d e c a h e d r a l   g r a i n s   h a v i n g   an  a v e r a g e  
d i a m e t e r   of  0 .9   pm  and  h a v i n g  a   d e g r e e   of  d i s p e r s e   o f  

0 . 1 5 ,   each   of  t h e   g r a i n s   c o m p r i s i n g   a  c o r e   of  s i l v e r  

i o d o b r o m i d e   i n c l u d i n g   10  mol %  of  s i l v e r   i o d i d e   and  a  

s h e l l   t h e r e o n   of  s i l v e r   b r o m i d e   h a v i n g   an  a v e r a g e  
t h i c k n e s s   of  0 . 0 1 6   pm.  A f t e r   d e s a l t i n g ,   t he   t h u s   p r e p a r e d  

e m u l s i o n   was  d i v i d e d   i n t o   9  p o r t i o n s ,   and  3  p o r t i o n s   o f  

them  were  t r e a t e d   as  c o n t r o l s ;   to   t h e   r e m a i n d e r   were  a d d e d  

compounds   in  a m o u n t s   shown  in  T a b l e   9  and  t h e i r   pH  and  pAg 

were   a d j u s t e d   to  p r e d e t e r m i n e d   l e v e l s .   The  t h u s   p r e p a r e d  

e m u l s i o n s   were   s u b j e c t e d   to   g o l d - s u l p h u r   s e n s i t i z a t i o n   a n d  

dye  s e n s i t i z a t i o n   as  in  E x a m p l e   2.  The  same  p h o t o g r a p h i c  

a d d i t i v e s   as  in  E x a m p l e   2  were   t h e n   added   t h e r e t o ,  

f o l l o w e d   by  c o a t i n g   and  d r y i n g   in  o r d e r   to   p r e p a r e   S a m p l e s  

45  to  53.  T h e s e   s a m p l e s   were   e v a l u a t e d   as  in  E x a m p l e   2 ,  

and  r e s u l t s   o b t a i n e d   a r e   s e t   f o r t h   in  T a b l e   9  b e l o w :  







S e n s i t i z i n g   d y e s  

(A):   3 , 3 ' - D i - ( 3 - s u l f o p r o p y l ) - 4 , 5 , 4 ' , 5 ' - d i b e n z o t h i a -  

c y a n i n e   h y d r o x i d e  

(B) :   5 , 5 ' - D i c h l o r o - 9 - e t h y l - 3 , 3 ' - d i - ( 3 - s u l f o p r o p y l ) o x a -  

c a r b o c y a n i n e   h y d r o x i d e  

(C) :   5 , 5 ' - D i p h e n y l - 9 - e t h y l - 3 , 3 ' - d i - ( 3 - s u l f o p r o p y l ) o x a -  

c a r b o c y a n i n e   h y d r o x i d e  

(D):   9 - E t h y l - 3 , 3 ' - d i - ( 3 - s u l f o r p r o p y l ) - 5 , 6 , 5 ' , 6 ' - d i -  

b e n z o x a c a r b o c y a n i n e   h y d r o x i d e  

(E) :   A n h y d r o - 5 , 5 ' - d i c h l o r o - 3 , 3 ' - d i - s u l f o p r o p y l - 9 - e t h y l -  

t h i a c a r b o c y a n i n e   h y d r o x i d e  

( F ) :   A n h y d r o - 9 - e t h y l - 3 , 3 ' - d i - ( 3 - s u l f o p r o p y l ) - 4 , 5 , 4 ' , 5 ' -  

d i b e n z o t h i a c a r b o c y a n i n e   h y d r o x i d e  

As  i s   c l e a r   f rom  T a b l e   9,  w i t h   r e g a r d   to   t h e   s a m p l e s  
o b t a i n e d   by  t h i s   i n v e n t i o n ,   t h e   o c c u r r e n c e   of  t h e i r  

p h o t o g r a p h i c   fog  was  l e s s   and  t h e i r   s e n s i t i v i t i e s   w e r e  

h i g h e r .   F u r t h e r ,   i t   was  f o u n d   t h a t   t h e   c o m p a r a t i v e  

s a m p l e s   each   were   g r e a t e r   in  a  h i g h   i n t e n s i t y   s e n s i t i v i t y  

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

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

E x a m p l e   9 

In  E x a m p l e   2,  in  p l a c e   of  Compound  ( I ) ,   b e n z o t r i a z o l e   was  
a d d e d .   The  o b t a i n e d   s e n s i t i z a t i o n   e f f e c t   was  g o o d  

s i m i l a r l y   to  t h a t   of  E x a m p l e   2 .  

E x a m p l e   10 

In  E x a m p l e   2,  in  p l a c e   of  Compound  ( I ) ,   b e n z o t h i a z o l e   was  

a d d e d .   The  o b t a i n e d   s e n s i t i z a t i o n   e f f e c t   was  g o o d  

s i m i l a r l y   to  t h a t   of  E x a m p l e   2 .  

E x a m p l e   11  



In  E x a m p l e   2,  in  p l a c e   of  Compound  ( I ) ,   b e n z i m i d a z o l e   w a s  

a d d e d .   The  o b t a i n e d   s e n s i t i z a t i o n   e f f e c t   was  g o o d  

s i m i l a r l y   to  t h a t   of  E x a m p l e   2 .  



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

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

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

s e n s i t i z a t i o n   or  g o l d - s e l e n i u m   s e n s i t i z a t i o n   by  use   of  a  

g o l d   s e n s i t i z e r   and  s u l p h u r   s e n s i t i z e r   or  s e l e n i u m  

s e n s i t i z e r ,   c h a r a c t e r i z e d   in  t h a t   s a i d   s i l v e r   h a l i d e  

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

e a c h   h a v i n g   f a c e s   ( 1 1 1 ) ;   t h e   s i l v e r   h a l i d e   c o n s t i t u t i n g  

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

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

0 . 1 8   or  l e s s ;   and  s a i d   g o l d - s u l p h u r   s e n s i t i z a t i o n   o r  

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

f o r m i n g   a  c o m p l e x   w i t h   s i l v e r   or  a  s i l v e r   i o n .  

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

a c c o r d i n g   to   c l a i m   1  w h e r e i n   t he   amoun t   of  s a i d  

n i t r o g e n - c o n t a i n i n g   h e t e r o c y c l i c   compound   is   an  a m o u n t  

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

g r a i n s   t h e r e w i t h   w i t h   a  t h i c k n e s s   3 /10   to   10  t i m e s   as  m u c h  

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

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

a c c o r d i n g   to   c l a i m   1  w h e r e i n   t he   number   of  g o l d   a t o m s  

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

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

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

s u l p h u r   s e n s i t i z e r   or  t he   number   of  s e l e n i u m   a toms   c a p a b l e  

of  f o r m i n g   s i l v e r   s e l e n i d e   w i t h   s i l v e r   i o n s   ou t   of  t h e  

s e l e n i u m   a t o m s   i n c l u d e d   in  s a i d   s e l e n i u m   s e n s i t i z e r   i s  

w i t h i n   t h e   r a n g e   of  1 / 2 0 0   to   1 / 2 .  

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

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   n i t r o g e n - c o n t a i n i n g  



h e t e r o c y c l i c   compound   i n c l u d e s   one  s e l e c t e d   f rom  t h e   g r o u p  
c o n s i s t i n g   of  an  a z a i n d e n e   r i n g ,   t r i a z o l e   r i n g ,   t e t r a z o l e  

r i n g ,   t h i a z o l e   r i n g ,   b e n z o t h i a z o l e   r i n g ,   n a p h t h o t h i a z o l e  
r i n g ,   o x a z o l e   r i n g ,   b e n z o x a z o l e   r i n g ,   t h i a d i a z o l e   r i n g ,  
o x a d i a z o l e   r i n g   and  s e l e n a z o l e   r i n g .  

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

a c c o r d i n g   to  c l a i m   4  w h e r e i n   s a i d   n i t r o g e n - c o n t a i n i n g  

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

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

a c c o r d i n g   to  c l a i m   5  w h e r e i n   s a i d   a z a i n d e n e   compound   is   a  

h y d r o x y a z a i n d e n e   compound   h a v i n g   3  to  5  n i t r o g e n   a toms   i n  

s a i d   a z a i n d e n e   r i n g .  

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

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

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

r a n g e   of  0 .5   to   15  mol  %. 

8.  The  m e t h o d   fo r   p r e p a r i n g   a  s i l v e r   h a l i d e   e m u l s i o n  

a c c o r d i n g   to  a n y o n e   of  c l a i m s  1   to   4  w h e r e i n   t h e   c o n t e n t  

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

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

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

9.  The  m e t h o d   for   p r e p a r i n g   a  s i l v e r   h a l i d e   e m u l s i o n  

a c c o r d i n g   to   a n y o n e   of  c l a i m s   1  to   5  w h e r e i n   s a i d   s i l v e r  

h a l i d e   e m u l s i o n   f u r t h e r   i n c l u d e s   at  l e a s t   one  o f  

s e n s i t i z i n g   dyes   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   ( I ) :  



G e n e r a l   F o r m u l a   ( I )  

w h e r e i n   R1  and  R2  a r e   e a c h   an  a l k y l   g r o u p   or  an  a r y l  

g r o u p ;   L l ,   L2  and  L3  e a c h   a r e   a  m e t h y n e   g r o u p ;   Z1  and  Z2 
each   r e p r e s e n t   a toms   or  a t o m i c   g r o u p s   n e c e s s a r y   f o r   t h e  

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

r i n g ;   m1  and  m2  each   r e p r e s e n t   O  or  1;  n1  r e p r e s e n t s   0,  1 

or  2;  X  r e p r e s e n t s   an  a c i d i c   a n i o n   g r o u p ;   and  r e p r e s e n t s  

1  or  2,  bu t   when  t h e   c o m p o u n d   f o r m s   and  i n n e r   s a l t ,   t h e  

r e p r e s e n t s   1 .  

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

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   n i t r o g e n - c o n t a i n i n g  

h e t e r o c y c l i c   compound   is  a  t r a n s p a r e n t   s u b s t a n c e .  
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