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A  silver  halide  emulsion  for  photographic  use  and  a 
process  for  its  preparation.  A  monodisperse  silver  halide 
emulsion  containing  silver  halide  grains  substantially  com- 
prising  silver  bromoiodide  grains  of  octahedral  or  tetrade- 
cahedral  crystals  mainly  comprising  (111)  faces  with  the 
vertexes  round  in  a  definite  curvature  undergoes  less  fog- 
ging  and  is  highly  sensitive.  This  emulsion  is  obtained  by 
treating  a  monodisperse  silver  halide  emulsion  containing 
octahedral  or  tetradecahedral  crystals  with  a  solvent  for 
silver  halide. 



[ 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  

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

i o d o b r o m i d e   t y p e   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   e m u l s i o n   o f  

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

s t o r a b i l i t y   have   been   i m p r o v e d ,   and  a  m e t h o d   f o r  

p r e p a r i n g   t h e   s a m e .  

[ B a c k g r o u n d   of  t h e   t e c h n o l o g y ]  

R e c e n t l y ,   r e q u i r e m e n t   f o r   a  s i l v e r   i o d o b r o m i d e   t y p e   s i l v e r  

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

s e v e r e r   and  t h e r e   have   been   made  i n c r e a s i n g l y   h i g h e r  

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

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 ,   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   and  s o  

o n .  

F u r t h e r ,   s i n c 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  e m p h a s i z -  

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

m a t e r i a l s   has  s t r o n g l y   been   d e s i r e d .   T h e s e   r e q u i r e m e n t s  



w h i c h   seem  to  be  d i f f e r e n t   f rom  each   o t h e r   at   a  f i r s t  

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

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

low  f o g g i n g   p r o p e r t y   and  a  h i g h   s e n s i t i v i t y   and  i t   is   n o  

e x a g g e r a t i o n   to  say  t h a t   a  d e v e l o p m e n t   of  a  s i l v e r   h a l i d e  

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

s e n s i t i v i t y   is   t h e   mos t   i m p o r t a n t   p r o b l e m   in  t h e   a r t .  

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

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

t h e   same  t i m e   t h e r e   is  b r o u g h t   a b o u t   a  r e s u l t   t h a t   a n y  
s a t i s f a c t o r y   p h o t o g r a p h   c a n n o t   be  o b t a i n e d ,   and  h e n c e  

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

t h e   s e n s i t i v i t y   is  an  i m p o r t a n t   p r o b l e m .  

The  mos t   o r t h o d o x   m e t h o d   f o r   a t 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 ,   low  f o g g i n g  

p r o p e r t y   and  so  on  is  to  e n h a n c e   t h e   q u a n t u m   e f f i c i e n c y   o f  

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

p h y s i c s   and  t h e   l i k e   have   been   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 .   S t u d i 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   h a s  

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

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

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

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

T o k y o ,   1 9 8 0 ,   " 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 " ,   i t e m   91.  A c c o o r d i n g   to  t h i s  

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

f o r   e n h a n c e m e n t   of  t h e   q u a n t u m   e f f i c i e n c y .   A d d i t i o n a l l y ,  

i t   is  c o n s i d e r e d   to  be  r a t i o n a l   to  i n f e r   t h a t   a  

m o n o d i s p e r s e d   e m u l s i o n   is  a d v a n t a g e o u s   not   o n l y   f o r  

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

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

w i t h   k e e p i n g   a  f o g g i n g   p r o p e r t y   low  in  a  s t e p   r e f e r r e d   t o  

as  c h e m i c a l   s e n s i t i z a t i o n   w h i c h   w i l l   be  d e s c r i b e d   in  m o r e  

d e t a i l   b e l o w .  



In  an  a c t u a l   e m u l s i o n   s y s t e m ,   h o w e v e r ,   e m u l s i o n s   e m p l o y 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   s i n g l y   or  in  a  m i x t u r e   s e r i e s   a r e  

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

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

a r e   n e v e r   e m p l o y e d   at   a l l .   T h i s   r e a s o n   is  t h a t   t h e r e   h a s  

been   w i d e l y   known  in  t h i s   t e c h n i c a l   f i e l d   t h a t   even   i f   a  

m o n o d i s p e r s e d   e m u l s i o n   is  p r e p a r e d   a c c o r d i n g   to  a  

g e n e r a l l y   known  m e t h o d   and  s u b j e c t e d   to   r e g u l a r   c h e m i c a l  

s e n s i t i z a t i o n ,   no t   o n l y   s e n s i t i z a t i o n   c a n n o t   be  a t t a i n e d  

bu t   a l s o   a  r e s u l t   i n f e r i o r   to   t h a t   g i v e n   by  g e n e r a l l y   u s e d  

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

For  an  i n d u s t r i a l   p r e p a r a t i o n   of  a  m o n o d i s p e r s e d   e m u l s i o n ,  

t h e r e   a r e   r e q u i r e d   a  c o n t r o l   of  t h e   t h e o r e t i c a l l y   o b t a i n e d  

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

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

u n d e r   a  s t r i c t   c o n t r o l   of  pAg  and  pH  as  d e s c r i b e d   i n  

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

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

m e n t i o n e d   a b o v e   c o m p r i s e   so  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  

w h i c h   have   any  s h a p e   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   and  have   t h e   f a c e   (100).  and  t h e   f a c e   (111)   a t  

v a r i o u s   p r o p o r t i o n s .   The  p r e s e n t   i n v e n t o r s   p r e p a r e d  

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

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 o n ,   h o w e v e r ,   t h e y   c o u l d   m e r e l y  

o b t a i n   r e s u l t s   e q u i v a l e n t   or  r a t h e r   i n f e r i o r   i n d e e d   t o  

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

t h e   a r t .   The  r e a s o n   why  o c t a h e d r a l   g r a i n s   have   n o t  

h e r e t o f o r e   been   e m p l o y e d   f o r   nega   t y p e   h i g h   s e n s i t i v i t y  

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

a s s u m e d   to  have   a  good  r e l a t i o n s h i p   b e t w e e n   t h e   a n t i -  

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

P a t e n t   P u b l i c a t i o n   No.  2 3 4 4 3 / 1 9 7 3 ,   is  t h a t   f rom  v iew  p o i n t  

of  e n c h a n c e m e n t   of  s e n s i t i v i t y   t h e y   have   d i s a d v a n t a g e s   i n  

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

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



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

e x p o s u r e   and  h e n c e   t h e y   a r e   i n f e r i o r   to  g r a i n s   h a v i n g  

o t h e r   s h a p e s .  

Such  c h a r a c t e r i s t i c s   of  o c t a h e d r a l   g r a i n s   can  b e  

u n d e r s t o o d   f rom  r e p o r t s   in  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  

14;  1 8 1 - 1 8 4   ( 1 9 6 6 ) ;   i b i d ,   16:  1 0 2 - 1 1 3   ( 1 9 6 8 ) ;   P h o t o g r a p h i c  

K o r r e s p o n d e n z ,   106:   1 4 9 - 1 6 0   t 1 9 7 0 )   and  J o u r n a l   of  J a p a n e s e  

P h o t o g r a p h i c   S o c i e t y ,   42;  1 1 2 - 1 2 1   ( 1 9 7 9 ) .   F u r t h e r ,   s i n c e  

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

h e d r a l   g r a i n s   is  e x p e c t e d   to  be  d o m i n a t e d   by  t h e   f a c e  

( 1 1 1 ) ,   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   e x h i b i t  

t h e   same  c h a r a c t e r i s t i c   as  t h a t   of  o c t a h e d r a l   g r a i n s   a n d  

a c t u a l l y   our   s t u d i e s   have   r e v e a l e d   t h a t   t e t r a d e c a h e d r a l  

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

g r a i n s .  

On  t h e   o t h e r   h a n d ,   i t   has  been   known  in  t h e   a r t   t h a t   h i g h  

s e n s i t i v i t y   g r a i n s   can  be  o b t a i n e d   in  a  s h o r t   p e r i o d   i f   a  

p h y s i c a l   r i p e n i n g   ( O s t w a l d   R i p e n i n g )   is   c o n d u c t e d   a f t e r  

a d d i t i o n   of  a  s o l v e n t   f o r   a  s i l v e r   h a l i d e   such   as  t h i o -  

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

an  e m u l s i o n .  

A c c o r d i n g   to  " F o u n d a t i o n s   of  P h o t o g r a p h i c   E n g i n e e r i n g "  -  

v o l u m e :   S i l v e r   S a l t   P h o t o g r a p h ,   p a g e s   2 4 2 - 2 4 4 ,   p u b l i s h e d  

by  C o r o n a   Co.  ( 1 9 6 9 ) ,   t h e   t e r m   p h y s i c a l   r i p e n i n g   i s  

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

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

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

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

g r a i n s .   In  p h y s i c a l   r i p e n i n g ,  i t   is  t h u s   a  p r e r e q u i s i t e  

to  have   g r a i n s   grow  by  u t i l i z i n g   t h e   d i f f e r e n c e   i n  

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

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

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

s i d e r e d   to   be  no t   p r e f e r a b l e   as  a  m e t h o d   f o r   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 .  



M o r e o v e r ,   t h o u g h   t h e r e   has   been   known  a  t e c h n i q u e   f o r  

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

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

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

t h a t   t h e   s t o r a b i l i t y   of  p r o d u c t s   a p p l i e d   t h e r e w i t h   is   p o o r  
and  h e n c e   i s   no t   p r a c t i c a l .  

[ D i s c l o s u r e   of  t h e   i n v e n t i o n ]  

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

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

A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   is   to  p r o v i d e   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   e m u l s i o n   h a v i n g   an  e x c e l l e n t  

s t o r a b i l i t y .  

S t i l l   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   is   t o  

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

We  h a v e   made  i n t e n s i v e   s t u d i e s   to   o b t a i n   a  h i g h  

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

e x p e c t e d   r e s u l t s   had  h e r e i n f o r e   been   d e r i v e d   in  s p i t e   o f  

t h e   p r e s e n c e   of  a  t h e o r e t i c a l   e x p e c t a t i o n   and  as  a  r e s u l t ,  
t h e   p r e s e n t   i n v e n t o r s   have   f o u n d   t h a t   t h e   o b j e c t s   of  t h e  

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

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

w h i c h   c r y s t a l   f a c e s   of  o c t a h e d r a l   c r y s t a l s   o r  

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

(111)   h a v e   r o u n d n e s s   a t   v e r t e x   t h e r e o f   and  w h i c h   c o m p r i s e  

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

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

o c t a h e d r a l   c r y s t a l s ,   1 / 1 0   r  -   1 /6   r  w i t h   r e s p e c t   to   t h e  

a n g l e   of  t h e   v e r t e x ,   w h e r e i n   r  is   a  l e n g t h   of  one  s i d e   i n  

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



a r b i t r a r y   o u t e r   s u r f a c e   of  a  c r y s t a l   and ,   f o r  

t e t r a d e c a h e d r a l   c r y s t a l s ,   1 / 1 0   r  -   1 /6   r  w i t h   r e s p e c t   t o  

t h e   a n g l e ,   w h e r e i n   r  i s   a  l e n g t h   of  t h e   l o n g e s t   s i d e   in  a  

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

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

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

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

of  t h e   f a c e   (111)   i s   s u b j e c t e d ,   a f t e r   f o r m a 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 ,   to   t r e a t m e n t   w i t h   a  s o l v e n t   f o r   t h e  

s i l v e r   h a l i d e   to   t h e   d e g r e e   t h a t   c r y s t a l   f a c e   of  s a i d  

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

t h e   v e r t e x   t h e r e o f ,   f o l l o w e d   by  d e s a l t i n g   and  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 t   i n v e n t i o n ,   s i l v e r   h a l i d e   g r a i n s   w h i c h   a r e  

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

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

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

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

t r i a n g l e ,   30 %  or  more  of  t o t a l   s u r f a c e   a r e a   in  t h e   g r a i n s  

h a v i n g   been   o c c u p i e d   by  t h e   a r e a   of  s a i d   f a c e   ( 1 1 1 ) .  

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

f a c e   (100)   and  g i v i n g   t h e   e x t e r n a l   a p p e a r a n c e   of  o c t a g o n  

and  t r i a n g l e   a r e   no t   p r e f e r a b l e   f o r   t h e   o b j e c t s   of  t h e  

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

As  t h e   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 e   p r e s e n t  

i n v e n t i o n ,   an  e m u l s i o n   in  wh ich   20 %  or  more  ( i n   t e r m s   o f  

number   of  t h e   g r a i n s )   of  t o t a l   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   t h e r e i n   c o n s i s t   of  s i l v e r   h a l i d e   g r a i n s   h a v i n g  

such   a  r o u n d n e s s   as  d e s c r i b e d   a b o v e   is   p r e f e r a b l e   and  a l s o  

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

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

r e f e r r e d   to  as  " s o l v e n t   t r e a t m e n t " )   in  t h e   m a n u f a c t u r i n g  



m e t h o d ,   i t   is   s i m i l a r l y   p r e f e r a b l e .  

When  t h e   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 e   p r e s e n t  
i n v e n t i o n   is   c o a t e d   and  o r i e n t e d   on  a  s u p p o r t   to   o b t a i n  

i t s   X - r a y   d i f f r a c t i o n   by  t h e   p o w d e r   m e t h o d ,   t h e   i n t e n s i t y  

of  t h e   d i f f r a c t e d   r ay   f o r   t h e   f a c e   (220)   i s   p r e f e r a b l y  
l e s s   t h a n   8 %  of  t h a t   f o r   t h e   f a c e   ( 1 1 1 ) .  

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

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

s i z e   d i s t r i b u t i o n   is   p r e f e r a b l y   19 %  or  l e s s   in  t e r m s   o f  

CV,  w h e r e i n   CV  d e s i g n a t e s   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 p r e s e n t e d   by  an  e q u a t i o n :   ( S t a n d a r d   d e v i a t i o n / a v e r a g e  

g r a i n   s i z e )   x  100  =  CV  %;  and  more  p r e f e r a b l y   13  %  o r  

l e s s .  

Be  n o t e d   h e r e   t h a t   t h e   g r a i n   s i z e   is   e x p r e s s e d   by  t h e  

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

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

In  t h e   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   of  t h e   p r e s e n t  

i n v e n t i o n ,   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   to   b e  

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

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

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

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   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   to   be  t r e a t e d   w i t h   a  s o l v e n t   is  15 %  o r  

l e s s   in  t e r m s   of  CV  and  more  p r e f e r a b l y   10 %  or  l e s s .  

In  t h e   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   of  t h e   p r e s e n t  

i n v e n t i o n ,   s o l v e n t   t r e a t m e n t   may  be  c o n d u c t e d   m e r e l y   b y  

a d d i n g   a  s o l v e n t   f o r   a  s i l v e r   h a l i d e   (AgX)  to   a  s i l v e r  

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

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

a  m i x i n g   or  a  m i x i n g   f o l l o w e d   by  a  p h y s i c a l   r i p e n i n g  



p r o c e d u r e ;   and  s u b s e q u e n t l y   by  m i x i n g   u n i f o r m l y   to   a c t  

s a i d   s o l v e n t   o n t o   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 .  

T h e r e f o r e ,   t h e r e   may  be  e m p l o y e d   a  p r o c e d u r e   s i m i l a r   to   a  

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

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

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

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

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

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

t u r i n g   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   may  b e  

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

v e r t e x   of  a  c r y s t a l   f a c e   in  g r a i n   s u r f a c e s   when  t h e  

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

c o m p r i s i n g   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 .  

F u r t h e r ,   i t   i s   p r e f e r a b l e   t h a t   s a i d   s o l v e n t   i s   no t   a  

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

s i l v e r   s u l f i d e .  

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

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

t h e   s p e c i f i c a t i o n s   of  U .S .   P a t e n t   Nos.   3 , 2 7 1 , 1 5 7 ,  

3 , 5 3 1 , 2 8 9   and  3 , 5 7 4 , 6 2 8 ,   J a p a n e s e   P r o v i s i o n a l   P a t e n t  

P u b l i c a t i o n   Nos .   1 0 1 9 / 1 9 7 9   and  1 5 8 9 1 7 / 1 9 7 9 ;   (b)  t h i o u r e a  

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

P u b l i c a t i o n   Nos.   8 2 4 0 8 / 1 9 7 8 ,   7 7 7 3 7 / 1 9 8 0   and  2 9 8 2 / 1 9 8 0 ,   ( c )  

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

b e t w e e n   an  o x y g e n   a tom  or  a  s u l f u r   a tom  and  a  n i t r o g e n  

atom  as  d i s c r i b e d   in  J a p a n e s e   P r o v i s i o n a l   P a t e n t   P u b l i -  

c a t i o n   No.  1 4 4 3 1 9 / 1 9 7 8   (d)  i m i d a z o l e s   as  d e s c r i b e d   i n  

J a p a n e s e   P r o v i s i o n a l   P a t e n t   P u b l i c a t i o n   No.  1 0 0 7 1 7 / 1 9 7 9 ,  

(e)  s u l f i t e s ,   ( f )   t h i o c y a n a t e s   and  t h e   l i k e .   S p e c i f i c  

c o m p o u n d s   w i l l   be  g i v e n   b e l o w :  





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

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

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

l o w e r   f o g g i n g   p r o p e r t y   and  a  h i g h e r   s e n s i t i v i t y   as  c o m -  

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

of  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   w h i c h  

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

a  s p h e r i c a l   f o r m ,   a  c o n f e t t o - l i k e   fo rm  ( d e f i n e d   as  s u c h ,  

when  a  r e c e s s   a t   a  c e n t r a l   p a r t   of  t h e   f a c e   (111)   of  t h e  

g r a i n   has   a  d e p t h   of  0 . 2 0  t   or  m o r e ,   w h e r e i n   t  r e p r e s e n t s  

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

p o t a t o - l i k e   fo rm  ( d e f i n e d   as  s u c h ,   when  an  o u t e r   c r y s t a l  

h a b i t   of  t h e   g r a i n   i s   i n d e f i n i t e   and  i r r e g u l a r ) .  

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

t h e r e   a r e   e s s e n t i a l l y   no  d i f f e r e n c e s   in  t h e   a v e r a g e   g r a i n  

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

b e f o r e   and  a f t e r   s o l v e n t   t r e a t m e n t ,   r e s p e c t i v e l y .  

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

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

d i s t r i b u t i o n   i s   m e a n t   t h a t   r a t e s   of  c h a n g e s ,   Δ r / r   a n d  

Δ s / s   f o r   a v e r a g e   g r a i n   s i z e   r  and  f o r   t h e   g r a i n   s i z e  

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

e q u a t i o n s ,   r e s p e c t i v e l y ,  

a r e   w i t h i n   5 %  and  0  -   20  %,  r e s p e c t i v e l y .   In  t h e   a b o v e  

d e f i n i t i o n ,   "n"  r e f e r r e d   to   h e r e   d e s i g n a t e s   t h e   number   o f  

m e a s u r e d   g r a i n s   and  " r i "   d e s i g n a t e s   t h e   g r a i n   s i z e   of  a  

g r a i n   m e a s u r e d   in  o r d e r   of  i .  



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

t h o s e   b e f o r e   and  a f t e r   s o l v e n t   t r e a t m e n t   f a l l   w i t h i n   t h e  

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

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

e f f e c t   in  c a s e   ou t   of  t h i s   r a n g e .   I t   i s   i n f e r r e d   t h a t  

t h i s   is   a t t r i b u t a b l e   to   t h e   f a c t   t h a t   t h e   d e g r e e   of  t h e  

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

d i f f e r e n c e   is   o u t   of  t h i s   r a n g e .   I f   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   e m u l s i o n   to   be  s u b j e c t e d  

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

d e s c r i b e d   a b o v e ,   p h y s i c a l   r i p e n i n g   is   h a r d   to   o c c u r   a n d  

t h e r e b y   t h e   e f f e c t   of  t h e   p r e s e n t   i n v e n t i o n   can  b e  

s u f f i c i e n t l y   e x h i b i t e d ,   w i t h   a  r e s u l t   t h a t   t h e   d i f f e r e n c e  

b e t w e e n   g r a i n   s i z e   d i s t r i b u t i o n s   b e f o r e   and  a f t e r   s o l v e n t  

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

a b o v e .  

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

i n c l u d e s ,   as  one  of  t h e   e m b o d i m e n t s ,   an  e m u l s i o n  

c o m p r i s i n g   two  or  more  k i n d s   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   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   h a v i n g  

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

o t h e r .   In  t h e   m e t h o d   f o r   p r e p a r i n g   such   an  e m u l s i o n  

d e s c r i b e d   a b o v e ,   i t   i s   p r e f e r a b l e   to  s u b j e c t   e ach   e m u l s i o n  

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

r i p e n i n g   of  t h e   p r e s e n t   i n v e n t i o n   p r i o r   to   m i x i n g   of  t h e  

e m u l s i o n s .  

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

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

a b o v e   and  an  e f f e c t   g i v e n   by  g r a i n s   h a v i n g   t h e s e   c r y s t a l  

h a b i t s   is   u n e x p e c t e d l y   l a r g e   and  r e m a r k a b l e   as  c o m p a r e d  

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

s a i d   h a b i t s .  

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



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

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

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

d e s a l t i n g   and  h e n c e   i t   i s   d i f f e r e n t   f rom  a  t e c h n i q u e   i n  

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

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

g r a i n s .  

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

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

c o m p r i s i n g   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  

a r e   p r e f e r a b l y   ones   p r e p a r e d   a c c o r d i n g   to   t h e   a m m o n i a  

m e t h o d .  

T h i s   i n v e n t i o n   e x h i b i t s   p a r t i c u l a r l y   l a r g e   e f f e c t   when  i t  

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

d e v e l o p m e n t .   In  t h i s   c a s e ,   t h e   s e n s i t i v i t y   in  an  e m u l s i o n  

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

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

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

p r e s e n t   i n v e n t i o n   and  f u r t h e r   i n c r e a s e  i n   f o g g i n g   i s  

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

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 e   p r e s e n t   i n v e n t i o n  

may  c o e x i s t   w i t h   a  c admium  s a l t ,   a  z i n c   s a l t ,   a  l e a d   s a l t ,  

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

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

c o m p l e x   s a l t   and  t h e   l i k e   in  t h e   c o u r s e   of  f o r m a t i o n   o f  

g r a i n s ,   t r e a t m e n t   w i t h   a  s o l v e n t   and  so  o n .  

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

p r e f e r a b l y   c o n t a i n   s i l v e r   i o d i d e   a t   a  p r o p o r t i o n   of  0 .5   t o  

15  mole%  a n d  m o r e   p r e f e r a b l y   10  mole%  or  l e s s .  

S i l v e r   h a l i d e   g r a i n s   of  t h e   p r e s e n t   i n v e n t i o n   may  b e  

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

l a y e r   t h e r e o f   or  may  c o m p r i s e   a  u n i f o r m   p h a s e .   R e g a r d l e s s  



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

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

s e n s i t i z a t i o n   may  be  c o n d u c t e d   a t   any  s t a g e   b e f o r e  

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

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 e   p r e s e n t   i n v e n t i o n  

h a v e   p r e f e r a b l y   an  a v e r a g e   g r a i n   s i z e   of  0 . 1  -   4  pm  a n d  

more   p r e f e r a b l y   of  0 . 2  -   2  p m .  

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

t h e   p r e s e n t   i n v e n t i o n   may  be  s u b j e c t e d   to   d o p i n g   t r e a t m e n t  

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

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

d u r i n g   or  a f t e r   g r a i n   g r o w t h .   T h e r e   may  be  a p p l i e d ,   f o r  

e x a m p l e ,   m e t a l l i c   s a l t s   and  c o m p l e x   s a l t s   of  g o l d ,  

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

c o p p e r   and  t h e   l i k e ,   and  c o m b i n a t i o n s   of  t h e s e   s a l t s .  

F u r t h e r ,   in  t h e   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   of  t h e  

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

means   f o r   d e s a l t i n g ,   t h e   Nude l   r i n s i n g ,   d i a l y s i s   or  a  

c o a g u l a t i o n   t e c h n i q u e ,   w h i c h   is   commonly   e m p l o y e d   in  a  

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

To  t h e   e m u l s i o n   of  t h e   p r e s e n t   i n v e n t i o n   and  to   t h e  

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

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

w h i c h   is   a p p l i c a b l e   to   a  g e n e r a l   e m u l s i o n .   N a m e l y ,  
c h e m i c a l   r i p e n i n g   may  be  c o n d u c t e d   by  use   in  s i n g l e   or  i n  

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

s e n s i t i z e r s ,   i n c l u d i n g   w a t e r - s o l b u l e   g o l d   s a l t s ,  

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

s a l t s ,   w a t e r - s o l u b l e   r h o d i u m   s a l t s ,   w a t e r - s o l u b l e   i r i d i u m  

s a l t s   and  t h e   l i k e ;   a  s u l f u r   s e n s i t i z e r ;   a  s e l e n i u m  

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

s t a n n o u s   c h l o r i d e   and  t h e   l i k e .   In  t h e   m a n u f a c t u r i n g  

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



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

c h e m i c a l   r i p e n i n g   may  p r e f e r a b l y   be  m e n t i o n e d .  

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

o p t i c a l l y   be  s e n s i t i z e d   to   a  d e s i r e d   wave  l e n g t h   r e g i o n .  

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

p r e s e n t   i n v e n t i o n   i s   no t   p a r t i c u l a r l y   c r i t i c a l   and  can  b e  

a c c o m p l i s h e d ,   f o r   e x a m p l e ,   by  u s e   in  s i n g l e   or  i n  

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

s e n s i t i z e r s   such   as  c y a n i n e   dyes   or  m e r o c y a n i n e   d y e s  

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

d i m e t h i n e   d y e ,   a  t r i m e t h i n e   dye  and  t h e   l i k e .  

T h e s e   s e n s i t i z a t i o n   t e c h n i q u e s   m e n t i o n e d   a b o v e ,   a r e  

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

3 , 3 9 7 , 0 6 0 ,   3 , 6 1 5 , 6 3 5   and  3 , 6 2 8 , 9 6 4 ;   B r i t i s h   P a t e n t   N o s .  

1 , 1 9 5 , 3 0 2 ,   1 , 2 4 2 , 5 8 8   and  1 , 2 9 3 , 8 6 2 ;   O f f e n l e g u n g s s c h r i f t  

(OLS)  Nos .   2 , 0 3 0 , 3 2 6   and  2 , 1 2 1 , 7 8 0 ;   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   Nos.   4 9 3 6 / 1 9 6 8 ,   1 4 0 3 0 / 1 9 6 9   and  t h e   l i k e .   T h e  

s e l e c t i o n   may  be  o p t i o n a l l y   made  d e p e n d i n g   on  t h e  

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

as  a  d e s i r e d   wave  l e n g t h   r e g i o n   to   be  s e n s i t i z e d   or  a  

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

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   e m u l s i o n   of  t h e   p r e s e n t  

i n v e n t i o n   may  be  p u t   to   u se   k e e p i n g   i t s   g r a i n   s i z e  

d i s t r i b u t i o n   i n t a c t   or  may  be  p u t   to   use   in  c o m b i n a t i o n  

w i t h   two  or  more  m o n o d i s p e r s e d   e m u l s i o n s   h a v i n g   d i f f e r e n t  

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

a r b i t r a r y   s t a g e   so  as  to   o b t a i n   a  d i s i r e d   g r a d a t i o n .   T h e  

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

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

of  t h e   p r e s e n t   i n v e n t i o n   to   s u c h   an  e x t e n t   t h a t   t h e  

e f f e c t i v e n e s s   of  t h e   p r e s e n t   i n v e n t i o n   i s   no t   t h e r e b y  

i m p a i r e d .  

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

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



p u r p o s e   t h e r e o f .   As  a d d i t i v e s   d e s c r i b e d   a b o v e ,   t h e r e   a r e  

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

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

l i k e ;   h a r d e n e r   s u c h   as  a l d e h y d e   s e r i e s ,   a z i r i d i n e   s e r i e s ,  

i s o x a z o l e   s e r i e s ,   v i n y l s u l f o n i c   s e r i e s ,   a c r y l o y l   s e r i e s ,  

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

e s t e r   s e r i e s ,   t r i a z i n e   s e r i e s   and  t h e   l i k e ;   d e v e l o p m e n t  

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

s e r i e s   c o m p o u n d s   and  t h e   l i k e ;   image   s t a b i l i z e r s   such   a s  

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

p h o s p h o r o u s   e s t e r   s e r i e s ;   l u b r i c a n t s   s u c h   as  w a x e s ,  

g l y c e r i d e s   of  h i g h e r   f a t t y   a c i d s ,   h i g h e r   e s t e r s   of  h i g h e r  

f a t t y   a c i d s   and  t h e   l i k e .   F u r t h e r ,   as  a  c o a t i n g   a g e n t ,  

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

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

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

may  be  u s e d   a  v a r i o u s   t y p e   of  s u r f a c t a n t s   such   as  t h o s e   o f  

a n i o n i c   t y p e ,   c a t i o n i c   t y p e ,   n o n i o n i c   t y p e   or  a m p h o t e r i c  

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

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

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

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

e f f e c t i v e .   As  m a t t i n g   a g e n t s ,   t h e r e   may  be  m e n t i o n e d  

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

p o l y m e r s   and  t h e   l i k e .   F u r t h e r ,   i t   is   a l s o   p o s s i b l e   t o  

use   a  c o l l o i d a l   s i l i c a .   As  l a t e x e s   w h i c h   a r e   a d d e d   t o  

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

may  be  m e n t i o n e d   a c r y l i c   e s t e r s ,   v i n y l   e s t e r s   and  t h e   l i k e  

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

e t h y l i c   g r o u p .   As  g e l a t i n   p l a s t i c i z e r s   t h e r e   may  b e  

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

t h i c k e n i n g   a g e n t s   t h e r e   may  be  m e n t i o n e d   s t y r e n e - s o d i u m  

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

t h e   l i k e .  

As  s u p p o r t s   f o r   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   m a n u f a c t u r e d  



by  t h e   use  of  t h e   e m u l s i o n   of  t h e   p r e s e n t   i n v e n t i o n   w h i c h  
is   p r e p a r e d   in  t h e   a b o v e - m e n t i o n e d   m a n n e r ,   t h e r e   may  b e  

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

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

p o l y p r o p y l e n e ,   a  p o l y e s t e r   f i l m ,   f o r   e x a m p l e ,   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   and  t h e   l i k e ,   p o l y s t y r e n e   and  so  o n .  

The  s u p p o r t   i s   s u i t a b l y   s e l e c t e d   f rom  them  d e p e n d i n g   u p o n  
t h e   use   and  t h e   p u r p o s e   of  t h e   s i l v e r   h a l i d e   l i g h t -  

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

S u p p o r t s   may  be  p r o v i d e d   w i t h   u n d e r c o a t i n g   i f   d e s i r e d .  

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

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

t r a n s f e r   p r o c e s s   and  t h e   l i k e .   Among  u s e s   d e s c r i b e d  

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

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

F u r t h e r ,   when  t h e   e m u l s i o n   of  t h e   p r e s e n t   i n v e n t i o n   i s  

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

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

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

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

p r e s e n t   i n v e n t i o n   w h i c h   has   p r e v i o u s l y   been   a d j u s t e d   f o r  

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

As  y e l l o w   c o u p l e r s ,   t h e r e   may  be  u s e d   o p e n - c h a i n  

k e t o m e t h y l e n e   s e r i e s   c o u p l e r s   known  to  t h e   a r t ,   a m o n g  
w h i c h   b e n z o y l a c e t a n i l i d e   s e r i e s   and  p i v a l o y l a c e t a n i l i d e  

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

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

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



c o m p o u n d s   and  as  cyan   c o u p l e r s ,   p h e n o l   s e r i e s   c o m p o u n d s ,  

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

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

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

known  m e t h o d   commonly   u s e d   a f t e r   e x p o s u r e .  

The  b l a c k   and  w h i t e   d e v e l o p e r   i s   an  a l k a l i n e   s o l u t i o n  

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

a m i n o p h e n o l s ,   or  a m i n o b e n z e n e s ,   and  i t   may  f u r t h e r   c o n t a i n  

a l k a l i   m e t a l   s a l t s   s u c h   as  a  s u l f i t e ,   a  c a r b o n a t e ,   a  

b i s u l f i t e ,   a  b r o m i d e   and  an  i o d i d e .   When  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   i s   f o r   c o l o r   p h o t o g r a p h y ,   i t   may  

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

commonly   u s e d .   In  a  r e v e r s a l   p r o c e s s ,   i t   i s   f i r s t l y  

d e v e l o p e d   by  a  d e v e l o p e r   f o r   a  b l a c k   and  w h i t e   n e g a t i v e  

and  t h e n   s u b j e c t e d   to   w h i t e   c o l o r   e x p o s u r e ,   or  s u b j e c t e d  

to  t r e a t m e n t   in  a  b a t h   c o n t a i n i n g   an  a n t i f o g g i n g   a g e n t ,  
and  f u r t h e r   d e v e l o p e d   f o r   c o l o r   d e v e l o p m e n t   in  an  a l k a l i n e  

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

T h e r e   i s   no  p a r t i c u l a r   r e s t r i c t i o n   to  t h e   m e t h o d   f o r  

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

e x a m p l e ,   h o w e v e r ,   t h e r e   may  be  m e n t i o n e d ,   a  s y s t e m   i n  

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

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

a r e   c a r r i e d   ou t   as  t h e   c a s e   r e q u i r e s ,   or  a  s y s t e m   in  w h i c h  

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

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

s t a b i l i z i n g   t r e a t m e n t s   a r e   c a r r i e d   ou t   as  t h e   c a s e  

r e q u i r e s .  

[ B e s t   mode  f o r   e f f e c t i n g   t h e   i n v e n t i o n ]  

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

f o l l o w i n g   E x a m p l e s ,   h o w e v e r ,   i t   is   no t   l i m i t e d   to   t h e s e  

s p e c i f i c   E x a m p l e s .  



E x a m p l e   1 

A c c o r d i n g   to   t h e   m e t h o d   as  d i s c l o s e d   in  J a p a n e s e  
P r o v i s i o n a l   P a t e n t   P u b l i c a t i o n   No.  4 8 5 2 1 / 1 9 7 9 ,   t h e r e   w a s  

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

an  a v e r a g e   g r a i n   s i z e   of  0 . 6 5   pm  and  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   c o n t a i n i n g   2  mole%  of  s i l v e r   i o d i d e .  

The  o b t a i n e d   e m u l s i o n   was  d i v i d e d   i n t o   s i x   p o r t i o n s ,   t o  

e a c h   of  w h i c h ,   t e t r a m e t h y l t h i o u r e a   or  a  t h i o e t h e r  

r e p r e s e n t e d   by  t h e   f o r m u l a   [ I ]   was  a d d e d   to   c o n d u c t  

r i p e n i n g   a t   50  °C,  f o l l o w e d   by  d e s a l t i n g   and  w a s h i n g   w i t h  

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

was  a d j u s t e d   to   8 .2  a t   40  °C.  T h e s e   e m u l s i o n s   w e r e  

d e s i g n a t e d   as  Em -   1  to   Em -   6.  T h e r e   a r e   shown  in  T a b l e   1 

a d d e d   a m o u n t s   of  t e t r a m e t h y l t h i o u r e a   and  t h i o e t h e r   [ I ]   a n d  

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

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





To  t h e   r e s u l t a n t   e m u l s i o n ,   0 . 4 5   ml  of  a  0 . 2  %   by  w e i g h t  

a q u e o u s   s o l u t i o n   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  1 . 5  

ml  of  a  0 . 2 5  %   by  w e i g h t   a q u e o u s   s o l u t i o n   of  s o d i u m  

t h i o s u l f a t e   d i h y d r a t e   b a s e d   on  one  mole  of  AgX  were   a d d e d  

and  s u b j e c t e d   to   c h e m i c a l   r i p e n i n g   a t   46  °C.  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 ,   to   t h e s e   e m u l s i o n s   4 - h y d r o x y -  

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

z o l e   we re   a d d e d .   T h e n ,   as  c o u p l e r s ,   15  g  of  1 - ( 2 , 4 , 6 - t r i  

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

a m i d e - 5 - p y r o z o l o n e   d i s s o l v e d   in  30  ml  of  e t h y l   a c e t a t e   a n d  

15  ml  of  d i b u t y l   p h t h a l a t e   was  m i x e d   w i t h   20  ml  of  a  10  % 

by  w e i g h t   a q u e o u s   a l k a n o l e   B  ( a l k y l n a p h t h a l e n e s u l f o n a t e ,  
m a n u f a c t u r e d   by  D u ' P o n t   Co)  s o l u t i o n   and  200  ml  of  a  5  % 

by  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 ,   f o l l o w e d   b y  
e m u l s i f i c a t i o n   and  d i s p e r s i o n   in  a  c o l l o i d   m i l l .   To  1  k g  

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

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

Ag  t h e r e o n   may  be  20  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   N o .  1   to   12.  P a r t i c u l a r s   of  s a m p l e s   a r e   shown  i n  

T a b l e   2 .  



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

o p t i c a l   w e d g e ,   c o l o r   d e v e l o p e d   a t   38  °C  f o r   2  m i n u t e s   b y  

t h e   u se   of  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 h e  

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

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

a n t i f o g g i n g   p r o p e r t y   were   e v a l u a t e d .   The  r e s u l t s   a r e  

shown  in  T a b l e   3 .  

( C o m p o s i t i o n   of  c o l o r   d e v e l o p e r )  



P o t a s s i u m   h y d r o x i d e   1 .0   g  
Made  up  to   1  l i t e r   w i t h   w a t e r   and  a d j u s t e d   to   pH  1 0 . 0   w i t h  

p o t a s s i u m   h y d r o x i d e .  

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

i n v e n t i o n ,   i t   was  f o u n d   t h a t ,   in  s p i t e   of  a  s l i g h t   c h a n g e  
in  g r a i n   s h a p e s ,   i t   has   a  r e m a r k a b l y   e n h a n c e d   s e n s i t i v i t y  

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



o c t a h e d r a l   c r y s t a l   g r a i n s   and  a l s o   is   a b l e   to   r e a c h   a  

h i g h e r   l e v e l   of  s e n s i t i v i t y   as  c o m p a r e d   w i t h   Em -   3  and  Em 

-  5  c o m p r i s i n g   s p h e r i c a l   g r a i n s   or  E m  -  6   c o n t a i n i n g  

c o n f e t t o - l i k e   g r a i n s ,   and  f u r t h e r ,   i n c r e a s e   in  f o g g i n g  

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

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

E x a m p l e   2 

To  Em -   1  to   Em -   6  in   E x a m p l e   1,  0 . 4 5   ml  of  a  0 . 2  %   b y  

w e i g h t   a q u e o u s   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   s o l u t i o n   a n d  

1 .5   ml  of  a  0 . 2 5   %  by  w e i g h t   a q u e o u s   s o d i u m   t h i o s u l f a t e  

d i h y d r a t e   s o l u t i o n   b a s e d   on  one  mole   of  AgX  were   a d d e d  

r e s p e c t i v e l y   and  s u b j e c t e d   to   c h e m i c a l   r i p e n i n g   a t   46  ° C  

f o r   110 ,   80,   30,  80,   30  and  30  m i n u t e s ,   r e s p e c t i v e l y .  

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

d y e s   (1)  to   (3)  as  shown  b e l o w   w e r e   a d d e d   in  a  a m o u n t   s o  

as  to   be  150  mg  b a s e d   on  one  mole   of  AgX  in  t h e   fo rm  of  a  

m e t h a n o l i c   s o l u t i o n   and  s t i r r e d   f o r   10  m i n u t e s .  





T h e n ,   in  q u i t e   t h e   same  m a n n e r   as  in  E x a m p l e   1,  t h e  

a d d i t i v e s   we re   a d d e d   to   t h e   o b t a i n e d   e m u l s i o n ,   and  c o a t i n g  

and  d r y i n g   were   c o n d u c t e d   to   p r e p a r e   S a m p l e   Nos .   13  to   3 0 .  

In  T a b l e   5  a r e   shown  e m u l s i o n   N o . ,   p e r i o d   of  t i m e   f o r  

c h e m i c a l   r i p e n i n g   and  a  k i n d   of  s e n s i t i z i n g   d y e  

c o r r e s p o n d i n g   to   each   s a m p l e s .  





E i g h t e e n   S a m p l e s   d e s c r i b e d   a b o v e   we re   e x p o s e d   t h r o u g h   a n  

o p t i c a l   w e d g e ,   d e v e l o p e d   a t   38  °C  f o r   2  m i n u t e s   by  t h e   u s e  

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

w a s h e d   w i t h   w a t e r   a f t e r   b l e a c h i n g   and  f i x i n g   to   b e  

s u b j e c t e d   to   e v a l u a t i o n   of  t h e   s e n s i t i v i t y   and  t h e  

a n t i f o g g i n g   p r o p e r t y .   S a m p l e s   o t h e r   t h a n   S a m p l e   Nos.   1 3 ,  

16 ,   19,   22,   25  and  28  w e r e ,   h o w e v e r ,   e x p o s e d   t h r o u g h   a  

g l a s s   f i l t e r   Y-48  ( m a n u f a c t u r e d   by  T o s h i b a   G l a s s   C o . ,  

L t d . ) .   R e s u l t s   in  s e n s i t o m e t r y   a r e   shown  in  T a b l e   6 .  

As  a p p a r e n t   f rom  T a b l e   6,  t h e   e f f e c t i v e n e s s   of  t h e   p r e s e n t  



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

s p e c t r a l   s e n s i t i z i n g   dye  was  a d d e d .  

E x a m p l e   3 

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

p r e p a r e d   in  t h e   same  m a n n e r   as  in  C o m p a r a t i v e   e m u l s i o n   Em 

-  1  in  E x a m p l e   1,  and  f o l l o w e d   by  d e s a l t i n g   and  w a s h i n g  

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

i n t o   two  p o r t i o n s .   0 . 4 5   ml  of  a  0 . 2  %   by  w e i g h t   a q u e o u s  
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   s o l u t i o n   and  1 .5   ml  of  a  

0 . 2 5  %   by  w e i g h t   a q u e o u s   s o d i u m   t h i o s u l f a t e   d i h y d r a t e  

s o l u t i o n   b a s e d   on  one  mole   of  AgX  e a c h   w e r e   a d d e d   to   b o t h  

two  p o r t i o n s   and  t e t r a m e t h y l t h i o u r e a   and  t h i o u r e a   [ I ]   w e r e  

a d d e d   in  an  amoun t   of  5  mg  and  150  mg  to  each   p o r t i o n s ,  

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

c h e m i c a l   r i p e n i n g   a t   46  °C.  S u b s e q u e n t l y ,   t h e   a d d i t i v e s  

w e r e   a d d e d   in  t h e   same  m a n n e r   as  in  E x a m p l e   1,  f o l l o w e d   b y  

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

S a m p l e   Nos.   31  and  32.  A f t e r   c o m p l e t i o n   of  h e a t   t r e a t m e n t  

of  S a m p l e   Nos.   31  and  32  t o g e t h e r   w i t h   S a m p l e   Nos.   1,  3 ,  

and  7  a t   55  °c  u n d e r   a  r e l a t i v e   h u m i d i t y   ( R . H . )   of  8 0  %  

f o r   72  h o u r s ,   t h e   same  d e v e l o p i n g   t r e a t m e n t   a n d  

s e n s i t o m e t r y   as  in  E x a m p l e   1  w e r e   c o n d u c t e d   to  c o m p a r e  

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

were   shown  in  T a b l e   8 .  





From  t h e   r e s u l t s   in  T a b l e   8,  in  c a s e s   w h e r e   a  s o l v e n t   f o r  

a  s i l v e r   h a l i d e   is  a d d e d   d u r i n g   c h e m i c a l   r i p e n i n g ,   S a m p l e  

Nos.   31  and  32  e x h i b i t e d   l o w e r   l e v e l   of  s e n s i t i z a t i o n   a s  

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

s e n s i t i z a t i o n   was  r e c o g n i z e d   as  c o m p a r e d   w i t h   t h e   S t a n d a r d  

S a m p l e   N o .  1   ( f r e e   f rom  a  s o l v e n t )   and  a r e   i n f e r i o r   t o  

t h o s e   of  t h e   p r e s e n t   i n v e n t i o n   in  d e s e n s i t i z a t i o n   a n d  

i n d u c t i o n   of  fog  due  to   h e a t   t r e a t m e n t .  

E x a m p l e   4 

A c c o r d i n g   to  t h e   m e t h o d   as  d i s c l o s e d   in  U .S .   P a t e n t   N o .  

3 , 7 7 3 . 5 1 6 ,   t h e r e   was  p r e p a r e d   a  p o l y d i s p e r s e d   o c t a h e d r a l  

s e r i e s   s i l v e r   i o d o b r o m i d e   e m u l s i o n   c o n t a i n i n g   2  mole%  o f  

s i l v e r   i o d i d e .   The  a v e r a g e   g r a i n   s i z e   and  t h e   g r a i n   s i z e  

d i s t r i b u t i o n   of  t h i s   e m u l s i o n   were   0 .8  pm  and  34  %, 

r e s p e c t i v e l y .   T h i s   e m u l s i o n   was  d e s i g n a t e d   as  Em -   7.  I n  

t h e   same  m a n n e r   as  in  E x a m p l e   1,  t h i s   e m u l s i o n   w a s  

s u b j e c t e d   to  s o l v e n t   t r e a t m e n t   w i t h   150  m g / m o l e   AgX  o f  

t h i o e t h e r   [1]  a t   5 0  ° C   f o r   60  m i n u t e s   and  w a s h e d   w i t h  

w a t e r .   The  a v e r a g e   g r a i n   s i z e   and  t h e   d i s t r i b u t i o n   of  Em 

-  7  a f t e r   s o l v e n t   t r e a t m e n t   were   0 .83   pm  and  39  %, 

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

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

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

a d d i t i v e s ,   c o a t i n g   and  d r y i n g   to  p r e p a r e   S a m p l e   No.  3 3 .  

On  t h e   o t h e r   h a n d ,   an  e m u l s i o n   h a v i n g   t h e   same  v a l u e   o f  

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

a c c o r d i n g   to  t h e   f o l l o w i n g   m e t h o d .   At  f i r s t ,   t h e r e   w e r e  

p r e p a r e d   two  k i n d s   of  m o n o d i s p e r s e d   o c t a h e d r a l   s e r i e s  

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   Em -   8  and  Em -   9,  w h i c h   h a v e  

an  a v e r a g e   g r a i n   s i z e   of  1 .0   µm  and  0 .5   um,  r e s p e c t i v e l y ,  

and  c o n t a i n   2  mole  %  of  i o d i n e   and  t h e   r e s u l t a n t   e m u l s i o n s  

were   s u b j e c t e d   to  s o l v e n t   t r e a t m e n t   w i t h   150  m g / l   mole   AgX 

of  t h i o e t h e r   a t   50  °C  f o r   60  m i n u t r e s ,   f o l l o w e d   by  w a s h i n g  



w i t h   w a t e r   and  t h e n   f u r t h e r   s u b j e c t e d   to   t h e   o p t i m u m  
s e n s i t i z a t i o n   w i t h   c h l o r o a u r i c   a c i d   and  s o d i u m  

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

To  an  e m u l s i o n   p r e p a r e d   by  m i x i n g   Em -   8  and  Em -   9  a t   a  

p r o p o r t i o n   d e f i n e d   by  an  e q u a t i o n ,   Em -   8  :   Em -   9  =  7  :   3 

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

Em -   8  and  Em -   9,  a d d i t i v e s   were   a d d e d   in  t h e   same  m a n n e r  

as  d i s c r i b e d   in  E x a m p l e   1,  and  t h e   m i x t u r e   was  c o a t e d   t o  

o b t a i n   S a m p l e   No.  3 4 .  

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

and  d e v e l o p m e n t   t r e a t m e n t   in  t h e   same  m a n n e r   as  in  E x a m p l e  

1.  The  r e s u l t s   a r e   shown  in  T a b l e   9 .  

F u r t h e r ,   o b s e r v a t i o n   of  s i l v e r   h a l i d e   g r a i n s   in  S a m p l e  

Nos .   33  and  34  by  t h e   u se   of  an  e l e c t r o n   m i c r o s c o p i c  

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

h e d r a l   g r a i n s   h a v i n g   r o u n d n e s s   ( 1 / 8   r)  a t   t h e   v e r t e x   a n g l e  

t h e r e o f .  



As  a p p a r e n t   f rom  T a b l e   9,  an  e m u l s i o n   p r e p a r e d   by  b l e n d i n g  

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

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

s o l v e n t ,   in  t h e   a n t i f o g g i n g   p r o p e r t y   and  t h e   s e n s i t i v i t y .  

E x a m p l e   5 

A c c o r d i n g   to   t h e   m e t h o d   as  d i s c l o s e d   in  J a p a n e s e  

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

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

a p p e a r a n c e s   of  h e x a g o n   and  s q u a r e )   w h i c h   c o m p r i s e s   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  mole%  of  s i l v e r   i o d i d e   and  has   a n  

a v e r a g e   g r a i n   s i z e   of  0 . 7 0   pm  was  p r e p a r e d .   T h i s   e m u l s i o n  

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

t h i o e t h e r   [1]  was  a d d e d   and  t h e   r e s u l t a n t   e m u l s i o n s   w e r e  

s u b j e c t e d   to  r i p e n i n g   a t   50  °c  f o r   60  m i n u t e s   and  a d j u s t e d  

to  pAg  8 .2   a t   40  °C  a f t e r   d e s a l t i n g   and  w a s h i n g   w i t h  

w a t e r .   T h e s e   e m u l s i o n s   we re   d e s i g n a t e d   as  Em -   10  to   E m  -  

14.  Added  a m o u n t s   of  t e t r a m e t h y l t h i o u r e a   and  t h i o e t h e r  

[1]  and  r e s u l t s   of  o b s e r v a t i o n   on  g r a i n   s h a p e s   a f t e r  

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

shown  in  T a b l e   1 0 .  





With  r e s p e c t   to   Em -   10  to   14,  t h e r e   were   c o n d u c t e d  

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

d r y i n g   in  t h e   same  m a n n e r   as  in  E x a m p l e   1  e x c e p t   t h a t   t w o  

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

r i p e n i n g   was  c o n d u c t e d   f o r   a  p e r i o d   of  t i m e   as  shown  i n  

T a b l e   11  to   p r e p a r e   S a m p l e   Nos.   35  to   44.  Wi th   r e s p e c t  

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

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

T a b l e   11  and  r e s u l t s   o b t a i n e d   by  s e n s i t o m e t r y   in  T a b l e   1 2 .  



As  a p p a r e n t   f rom  T a b l e   12 ,   an  e m u l s i o n   h a v i n g   s i l v e r  

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

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

t e t r a d e c a h e d r a l   c r y s t a l   g r a i n s   w h i c h   have   no t   b e e n  

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

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

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

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

-  12  and  Em -   14  in  w h i c h   c r y s t a l s   a r e   f o r m e d   i n t o  

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

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

f o g g i n g   was  d e c r e a s e d .  

C o m p a r a t i v e   e x a m p l e   1 

A c c o r d i n g   to   t h e   same  m e t h o d   as  d i s c l o s e d   in  J a p a n e s e  



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

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

s i l v e r   i o d i d e   and  has   an  a v e r a g e   g r a i n   s i z e   of  1 .0   µ m .  
T h i s   e m u l s i o n   was  d i v i d e d   i n t o   f o u r   p o r t i o n s   and  to   e a c h  

of  p o r t i o n s   ammonium  r h o d a n i d e ,   t e t r a m e t h y l t h i o u r e a   o r  
t h i o e t h e r   r e p r e s e n t e d   by  t h e   f o r m u l a   [ I ]   b e l o w   was  a d d e d  

and  t h e   r e s u l t a n t   e m u l s i o n s   we re   s u b j e c t e d   to   r i p e n i n g   a t  

50  °C  f o r   60  m i n u t e s   and  a d j u s t e d   to   pAg  8 .2   a t   40  ° C  

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

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

as  Em -   15  to   Em -   18.  In  T a b l e   13  a r e   shown  a d d e d  

a m o u n t s   of  s o l v e n t s   and  r e s u l t   of  o b s e r v a t i o n   on  g r a i n  

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

m i c r o s c o p e .  





To  Em -   15  to   Em -   18,   0 . 3   ml  of  a  0 . 2  %   by  w e i g h t   a q u e o u s  
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   s o l u t i o n   and  10 .8   ml  of  a  

0 . 2 5  %   by  w e i g h t   a q u e o u s   s o d i u m   t h i o s u l f a t e   d i h y d r a t e  

s o l u t i o n   b a s e d   on  1  mole   AgX  w e r e   a d d e d   and  t h e   r e s u l t a n t  

e m u l s i o n s   were   s u b j e c t e d   to   c h e m i c a l   r i p e n i n g   a t   51  ° C .  

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

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

m a n n e r   as  in  E x a m p l e   1.  S a m p l e s   t h u s   o b t a i n e d   w e r e  

d e s i g n a t e d   as  S a m p l e   Nos.   45  to   52.  T h e r e   a r e   s h o w n  

p a r t i c u l a r s   of  s a m p l e s   in  T a b l e   14  and  r e s u l t s   o b t a i n e d   b y  

s e n s i t o m e t r y   in  T a b l e   1 5 .  



As  a p p a r e n t   f rom  T a b l e   15,   an  e m u l s i o n   h a v i n g   c u b i c  

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

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

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

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

C o m p a r a t i v e   e x a m p l e   2 

A c c o r d i n g   to   t h e   m e t h o d   as  d i s c l o s e d   in  J a p a n e s e  
P r o v i s i o n a l   P a t e n t   P u b l i c a t i o n   No.  4 8 5 2 1 / 1 9 7 9 ,   a  

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

( g i v i n g   a p p e a r a n c e s   of  t r i a n g l e   and  o c t a g o n )   w h i c h  

c o m p r i s e s   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  mole%  of  s i l v e r  

i o d i d e   and  has   an  a v e r a g e   g r a i n   s i z e   of  0 .8   pm  w a s  

p r e p a r e d .   T h i s   e m u l s i o n   was  d i v i d e d   and  to  e a c h   o f  

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



t h i o e t h e r   was  a d d e d ;   t h e n   t h e   e m u l s i o n s   t h u s   o b t a i n e d   w e r e  

s u b j e c t e d   to   s o l v e n t   t r e a t m e n t  a t   50  °C  f o r   60  m i n u t e s ,  

f o l l o w e d   by  a d j u s t m e n t   of  t h e   pAg  v a l u e   to   8 . 2 .   T h e  

e m u l s i o n s   t h u s   o b t a i n e d   a r e   d e s i g n a t e d   as  Em -   19  to   E m  -  

22.  Added  a m o u n t s   of  s o l v e n t s   and  r e s u l t s   of  o b s e r v a t i o n  

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

e l e c t r o n   m i c r o s c o p e   a r e   shown  in  T a b l e   1 6 .  





To  Em -   19  to   22,  0 .4   ml  of  a  0 . 2  %   by  w e i g h t   a q u e o u s  
c h l o r o a u r i c   t e t r a h y d r a d e   s o l u t i o n   and  4 .5   ml  of  a  0 . 2 5   % 

by  w e i g h t   a q u e o u s   s o d i u m   t h i o s u l f a t e   s o l u t i o n   were   a d d e d  

and  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   c h e m i c a l   r i p e n i n g   a t  

51  °C.  T h e r e a f t e r ,   a d d i t i o n   of  a d d i t i v e s ,   c o a t i n g ,  

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

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

were   d e s i g n a t e d   as  S a m p l e   Nos .   53  to   60.  T h e r e   a r e   s h o w n  

p a r t i c u l a r s   of  t h e   a p p l i e d   s a m p l e s   in  T a b l e   17  and  t h e  

r e s u l t s   o b t a i n e d   by  s e n s i t o m e t r y   in  T a b l e   1 8 .  





C o m p a r i n g   t h e   r e s u l t s   shown  in  T a b l e s   16  and  18  w i t h  

t h o s e   in  E x a m p l e s   1  and  5,  i t   is   f o u n d   t h a t  

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

a p p e a r a n c e s   of  o c t a g o n   and  t r i a n g l e   a r e   l i a b l e   to   b e  

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

r e l a t i v e l y   s m a l l   a m o u n t .   F u r t h e r ,   t h e y   e x h i b i t   l e s s  

s e n s i t i z a t i o n   e f f e c t   and  a c c e l e r a t e   f o g g i n g   w h i c h   i s  

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

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

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   h a v i n g  

o t h e r   s h a p e s .  

C o m p a r a t i v e   e x a m p l e   3 

A c c o r d i n g   to  a  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   w i t h   t h e  

pAg  v a l u e   b e i n g   m a i n t a i n e d   a t   8 . 0 ,   an  o c t e h e d r a l   s e r i e s  

e m u l s i o n   h a v i n g   an  a v e r a g e   g r a i n   s i z e   of  0 . 6 5   µm  w a s  

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

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

t e t r a m e t h y l t h i o u r e a   was  a d d e d   in  an  amoun t   shown  i n  

T a b l e   19  and  t h e   e m u l s i o n s   t h u s   o b t a i n e d   were   s u b j e c t e d  

to   r i p e n i n g   f o l l o w e d   by  a d j u s t m e n t   of  pAg  to   8 .2   a t   40  

°C  a f t e r   d e s a l t i n g   and  w a s h i n g   w i t h   w a t e r   a c c o r d i n g   t o  

an  o r d i n a r y   m e t h o d .   T h e s e   e m u l s i o n s   were   d e s i g n a t e d   Em 

-  23  to   25.  The  r e s u l t s   of  o b s e r v a t i o n   on  g r a i n   s h a p e s  
of  t h e s e   e m u l s i o n s   t h r o u g h   an  e l e c t r o n   m i c r o s c o p e   a r e  

shown  in  T a b l e   1 9 .  





To  each   of  t h e   e m u l s i o n ,   0 . 4 5   ml  of  a  0 .2   %  by  w e i g h t  

a q u e o u s   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   s o l u t i o n   and  1 . 5  

ml  of  a  0 . 2 5   %  by  w e i g h t   a q u e o u s   s o d i u m   t h i o s u l f a t e  

d i h y d r a t e   s o l u t i o n   b a s e d   on  one  mole   of  AgX  were   a d d e d  

and  s u b j e c t e d   to   c h e m i c a l   r i p e n i n g   a t   46  °C.  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 ,   to   t h e s e   e m u l s i o n   4 - h y d r o x y -  

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

z o l e   were   a d d e d .   T h e n ,   as  c o u p l e r s ,   1 5  g   of  1 - ( 2 , 4 , 6 -  

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

a m i d e - 5 - p y r o z o l o n e   d i s s o l v e d   in  30  ml  of  e t h y l   a c e t a t e  

and  15  ml  of  d i b u t y l   p h t h a l a t e   was  m i x e d   w i t h   20  ml  of  a  

10 %  by  w e i g h t   a q u e o u s   a l k a n o l e   B  ( a l k y l n a p h t h a l e n e -  

s u l f o n a t e ,   m a n u f a c t u r e d   by  D u ' P o n t   Co. )   s o l u t i o n   and  2 0 0  

ml  of  a  5  %  by  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 ,   f o l l o w e d  

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

1  kg  of  t h e   e m u l s i o n s ,   t h u s   o b t a i n e d   d i s p e r s i o n   w a s  

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

a m o u n t   of  Ag  t h e r e o n   i s   20  mg/dm2,   f o l l o w e d   by  d r y i n g   t o  

p r e p a r e   S a m p l e   Nos.   61  to   66.  P a r t i c u l a r s   of  t h e  

s a m p l e s   a r e   shown  in  T a b l e   2 0 .  

T h e s e   s a m p l e s   were   e x p o s e d   t h r o u g h   an  o p t i c a l   wedge   a n d  

in  t h e   same  m a n n e r   as  in  E x a m p l e   1  were   s u b j e c t e d   t o  



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

t r e a t m e n t ,   f o l l o w e d   by  d r y i n g   a f t e r   w a s h i n g   w i t h   w a t e r .  
The  s e n s i t i v i t y   of  a  m a g e n t a   c o l o r   image   o b t a i n e d   w a s  

e v a l u a t e d .   The  r e s u l t s   a r e   shown  in  T a b l e   2 1 .  

As  a p p a r e n t   f rom  T a b l e   21,   t h e   same  e f f e c t i v e n e s s   o n  

s e n s i t i z a t i o n   as  o b t a i n e d   by  t h e   s i l v e r   i o d o b r o m i d e  

e m u l s i o n   in  E x a m p l e   1  was  no t   o b t a i n e d   even   i f   a  s i l v e r  

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

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



1.  A  m o n o d i s p e r s e d   s i l v e r   h a l i d e   e m u l s i o n   h a v i n g   s i l v e r  

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

c r y s t a l   f a c e s   of  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   c o n s t i t u t e d   m a i n l y   of  t h e   f a c e   (111)   a n d  

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

r a d i u s   of  c u r v a t u r e   of  s a i d   r o u n d n e s s   a t   t h e   v e r t e x e s   o f  

c r y s t a l   f a c e s   b e i n g ,   f o r   o c t a h e d r a l   c r y s t a l s ,   1 /10   r  -   1 / 6  

r  w i t h   r e s p e c t   to   t h e   a n g l e   of  t h e   v e r t e x ,   w h e r e i n   r  i s   a  

l e n g t h   of  one  s i d e   in  a  t r i a n g l e   s u p p o s e d l y   f o r m e d   b y  

e x t e n d i n g   s i d e s   of  one  a r b i t r a r y   o u t e r   s u r f a c e   of  a  

c r y s t a l   a n d ,   f o r   t e t r a d e c a h e d r a l   c r y s t a l s ,   1 / 1 0   r  -   1 /6   r  

w i t h   r e s p e c t   to   t h e   a n g l e ,   w h e r e i n   r  i s   a  l e n g t h   of  t h e  

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

f rom  p o l y g o n s   w h i c h   a r e   s u p p o s e d l y   f o r m e d   by  e x t e n d i n g  
s i d e s   of  e a c h   o u t e r   s u r f a c e   in  c r y s t a l s .  

2.  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   c l a i m   1 ,  

w h e r e i n   20  %  of  t h e   t o t a l   number   of  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  s a i d   s i l v e r   h a l i d e   e m u l s i o n   have   a  r o u n d n e s s  

of  s a i d   r a d i u s   of  c u r v a t u r e   a t   t h e   v e r t e x e s   of  t h e   c r y s t a l  
f a c e .  

3.  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  c l a i m   1 ,  

w h e r e i n   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 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  s a i d   s i l v e r   h a l i d e   e m u l s i o n   has   a  

b r e a d t h   of  13 %  or  l e s s   in  t e r m s   of  t h e   c o e f f i c i e n t   o f  

v a r i a t i o n .  

4.  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   c l a i m   1 ,  

w h e r e i n   t h e   s i l v e r   h a l i d e   c o m p r i s e s   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   10  mole%  or  l e s s   of  s i l v e r   i o d i d e .  

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

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

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



c o m p r i s 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  
c o n s t i t u t e d   m a i n l y   of  t h e   f a c e   (111)   and  w h i c h  

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

s u b j e c t e d ,   a f t e r   f o r m a 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 ,  

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

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

t h e   v e r t e x e s   of  t h e   c r y s t a l   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   i s ,   f o r   o c t a h e d r a l   c r y s t a l s ,   1 / 1 0   r  -   1 /6   r  w i t h  

r e s p e c t   to  t h e   a n g l e   of  t h e   v e r t e x ,   w h e r e i n   r  i s   a  l e n g t h  

of  one  s i d e   in  a  t r i a n g l e   s u p p o s e d l y   f o r m e d   by  e x t e n d i n g  

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

f o r   t e t r a d e c a h e d r a l   c r y s t a l s ,   1 / 1 0   r  -   1 /6   r  w i t h   r e s p e c t  

to   t h e   a n g l e ,   w h e r e i n   r  i s   a  l e n g t h   of  t h e   l o n g e s t   s i d e   i n  

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

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

o u t e r   s u r f a c e   in  c r y s t a l s ;   f o l l o w e d   by  d e s a l t i n g   a n d  

c h e m i c a l   r i p e n i n g .  

6.  The  m a n u f a c t u r i n g   m e t h o d   a c c o r d i n g   to   c l a i m   5,  w h e r e i n  

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

an  e m u l s i o n   p r e p a r e d   by  t h e   Ammonium  m e t h o d .  

7.  The  m a n u f a c t u r i n g   m e t h o d   a c c o r d i n g   to   c l a i m   5,  w h e r e i n  

t h e   s i l v e r   h a l i d e   to   be  t r e a t e d   w i t h   a  s o l v e n t   i s   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   10  mole%  or  l e s s   of  s i l v e r   i o d i d e .  

8.  The  m a n u f a c t u r i n g   m e t h o d   a c c o r d i n g   to   c l a i m   5,  w h e r e i n  

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 i l v e r   h a l i d e   g r a i n s   to   b e  

t r e a t e d   w i t h   a  s o l v e n t   has  a  b r e a d t h   of  10  %  or  l e s s   i n  

t e r m s   of  t h e   c o e f f i c i e n t   of  v a r i a t i o n .  

9.  The  m a n u f a c t u r i n g   m e t h o d   a c c o r d i n g   to   c l a i m   5,  w h e r e i n  

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

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

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

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



s u l f u r   a tom  and  a  n i t r o g e n   a t o m ,   i m i d a z o l e s ,   s u l f i t e s   a n d  

t h i o c y a n a t e s .  

10.  The  m a n u f a c t u r i n g   m e t h o d   a c c o r d i n g   to   c l a i m   9 ,  

w h e r e i n   t h e   s o l v e n t   is   t h i o e t h e r s   or  t h i o u r e a   d e r i v a t i v e s .  
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