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SILVER  HAL  IDE  PHOTOGRAPHIC  EMULSIONS 

WITH  NOVEL  GRAIN  FACES  ( 5 )  

T h i s   i n v e n t i o n   r e l a t e s   to   p h o t o g r a p h y .   M o r e  

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

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

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

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

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

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

p r e s e n t .   The  t e r m   " p h o t o g r a p h i c   e m u l s i o n * *   h a s  

r e m a i n e d   in   u s e ,   a l t h o u g h   i t   h a s   l o n g   b e e n   known  t h a t  

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

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

to   as  g r a i n s .  

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

b e e n   t h e   s u b j e c t   of   i n t e n s e   i n v e s t i g a t i o n .   A l t h o u g h  

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

20  l e a s t   90  m o l e   p e r c e n t   i o d i d e ,   b a s e d   on  s i l v e r ,   a r e  

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

a l m o s t   a l w a y s   c o n t a i n   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 d  

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

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

i o d i d e .   Up  to   a b o u t   40  m o l e   p e r c e n t   i o d i d e ,   b a s e d   o n  

s i l v e r ,   c an   be  a c c o m m o d a t e d   in   a  s i l v e r   b r o m i d e  

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

30  h a l i d e   e m u l s i o n s   r a r e l y   c o n t a i n   more   t h a n   a b o u t   1 5  

mole   p e r c e n t   i o d i d e ,   w i t h   i o d i d e   w e l l   b e l o w   10  m o l e  

p e r c e n t   b e i n g   m o s t   common.   A l l   s i l v e r   h a l i d e   g r a i n s ,  

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

g r a i n s ,   h e r e i n a f t e r   e x c l u d e d   f rom  c o n s i d e r a t i o n  

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

l a t t i c e   s t r u c t u r e s .  
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I t   has   b e e n   r e c o g n i z e d   f o r   many  y e a r s   t h a t  

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

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

g r a i n s   e x h i b i t   h i g h e r   g r a i n   s u r f a c e   a r e a   in   r e l a t i o n  

5  to   g r a i n   v o l u m e ,   more   c o m m o n l y   r e f e r r e d   to   i n d i r e c t l y  

in  t e r m s   of  c o a t i n g   c o v e r a g e s   —   e . g . ,   g ra ins   of   s i l v e r  

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

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

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

10  c an   be  a d v a n t a g e o u s   in   i m p r o v 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   d e p e n d e n t   on  s u r f a c e   e f f e c t s ,   s u c h   a s  

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

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

s e n s i t i z i n g   d y e s .  
IB  H o w e v e r ,   e x t r e m e l y   f i n e   g r a i n   e m u l s i o n s ,  

s u c h   as   L i p p m a n n   e m u l s i o n s ,   w h i c h   h a v e   t h e   h i g h e s t  

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

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

s i n c e   t h e y   e x h i b i t   low  p h o t o g r a p h i c   s p e e d s .   W i t h i n  

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

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

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

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

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

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

o b j e c t i v e s   d i c t a t i n g   l a r g e r   g r a i n   s i z e s   and  s a t i s f y -  

i n g   o t h e r   p e r f o r m a n c e   c r i t e r i a   b e n e f i t i n g   b y  

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

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

30  A  v a r i e t y   of   r e g u l a r   and  i r r e g u l a r   g r a i n  

s h a p e s   h a v e   b e e n   o b s e r v e d   in   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 .   W h i l e   g r a i n s   c an   show  c o r n e r   a n d  

e d g e   r o u n d i n g   a t t r i b u t a b l e   to   a  l o w e r   a c t i v a t i o n  

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

3  5  l o c a t i o n s ,   in   g e n e r a l   s i l v e r   h a l i d e   g r a i n s   a r e  

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

5  a l s o   f a v o r s   t h e   f o r m a t i o n   of  c u b i c   c r y s t a l   f a c e s ,   b u t  
f a v o r s   t h e   f o r m a t i o n   of   o c t a h e d r a l   c r y s t a l   f a c e s   i n  
t h e   p r e s e n c e   of  an  e x c e s s   of  b r o m i d e   i o n s .   I o d i d e  
i o n s   in   t h e   c r y s t a l   s t r u c t u r e   t e n d   to   I n c r e a s e   t h e  
g r a i n   p r e f e r e n c e   f o r   c r y s t a l   f a c e s   of   t h e   o c t a h e d r a l  

10  f o r m .   A  d i s c u s s i o n   of  t h e   f a c t o r s   w h i c h   c a u s e   o n e  
c r y s t a l l o g r a p h i c   f o r m   to  be  f a v o r e d   o v e r   a n o t h e r   i s  
o f f e r e d   by  J a m e s ,   The  T h e o r y   of  t h e   P h o t o g r a p h i c  
P r o c e s s .   4 t h   E d . ,   M a c m i l l a n ,   New  Y o r k ,   1 9 7 7 ,   pp .   9 8  
t h r o u g h   1 0 0 .  

15  R e g u l a r   s i l v e r   h a l i d e   g r a i n s   b o u n d e d   b y  
c u b i c   c r y s t a l   f a c e s   a r e   c u b i c   in  a p p e a r a n c e   w h e n  
e x a m i n e d   by  e l e c t r o n   m i c r o s c o p y .   A  r e g u l a r   c u b i c  
g r a i n   1  i s   shown  in  F i g u r e   1.  The  c u b i c   g r a i n   i s  
b o u n d e d   by  s i x   i d e n t i c a l   c r y s t a l   f a c e s .   In  t h e  

20  p h o t o g r a p h i c   l i t e r a t u r e   t h e s e   c r y s t a l   f a c e s   a r e  
u s u a l l y   r e f e r r e d   to   as  {100 )   c r y s t a l   f a c e s ,  
r e f e r r i n g   to   t h e   M i l l e r   i n d e x   e m p l o y e d   f o r   d e s i g n a t -  
i ng   c r y s t a l   f a c e s .   W h i l e   t h e   {100}  c r y s t a l   f a c e  
d e s i g n a t i o n   i s   m o s t   c o m m o n l y   e m p l o y e d   in   c o n n e c t i o n  

25  w i t h   s i l v e r   h a l i d e   g r a i n s ,   t h e s e   same  c r y s t a l   f a c e s  
a r e   s o m e t i m e s   a l s o   r e f e r r e d   to   as   {200}  c r y s t a l  
f a c e s ,   t h e   d i f f e r e n c e   in   d e s i g n a t i o n   r e s u l t i n g   f rom  a  
d i f f e r e n c e   in  t h e   d e f i n i t i o n   of  t h e   b a s i c   u n i t   of  t h e  
c r y s t a l   s t r u c t u r e .   A l t h o u g h   t h e   c u b i c   c r y s t a l   s h a p e  

30  i s   r e a d i l y   v i s u a l l y   i d e n t i f i e d   in  r e g u l a r   g r a i n s ,   i n  
i r r e g u l a r   g r a i n s   c u b i c   c r y s t a l   f a c e s   a r e   n o t   a l w a y s  
s q u a r e .   In  g r a i n s   of   more   c o m p l e x   s h a p e s   t h e  

p r e s e n c e   of  c u b i c   c r y s t a l   f a c e s   c an   be  v e r i f i e d   by  a  
c o m b i n a t i o n   of   v i s u a l   i n s p e c t i o n   and  t h e   90°  a n g l e   o f  

35  i n t e r s e c t i o n   f o r m e d   by  a d j a c e n t   c u b i c   c r y s t a l   f a c e s .  
The  p r a c t i c a l   I m p o r t a n c e   of   t h e   c u b i c  

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

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

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

t r a t e d   by  F i g u r e   2,  w h e r e i n   t h e   s m a l l e r   s p h e r e s   2  

r e p r e s e n t   s i l v e r   i o n s   w h i l e   t h e   l a r g e r   s p h e r e s   3 

d e s i g n a t e   b r o m i n e   i o n s .   A l t h o u g h   on  an  e n l a r g e d  

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

10  and  b r o m i d e   i o n s   i s   a c c u r a t e l y   r e p r e s e n t e d .   W h e n  

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

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

I t   can   be  s e e n   t h a t   a  p l u r a l i t y   of  p a r a l l e l   r o w s ,  
15  i n d i c a t e d   by  l i n e s   4,  a r e   p r e s e n t ,   e a c h   f o r m e d   b y  

a l t e r n a t i n g   s i l v e r   and  b r o m i n e   i o n s .   In  F i g u r e   2  a  

p o r t i o n   of  t h e   n e x t   t i e r   of  i o n s   l y i n g   b e l o w   t h e  

s u r f a c e   t i e r   i s   shown  to  i l l u s t r a t e   t h e i r   r e l a t i o n -  

s h i p   to   t h e   s u r f a c e   t i e r   of  i o n s .  

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

in  a p p e a r a n c e .   A  r e g u l a r   o c t a h e d r a l   g r a i n   5  i s   s h o w n  

in  F i g u r e   3.  The  o c t a h e d r a l   g r a i n   i s   b o u n d e d   b y  

e i g h t   i d e n t i c a l   c r y s t a l   f a c e s .   T h e s e   c r y s t a l   f a c e s  

25  a r e   r e f e r r e d   to   as  o c t a h e d r a l   or  {111}  c r y s t a l  

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

r e a d i l y   v i s u a l l y   i d e n t i f i e d   in  r e g u l a r   g r a i n s ,   i n  

g r a i n s   of   more   c o m p l e x   s h a p e s   t h e   p r e s e n c e   o f  

o c t a h e d r a l   c r y s t a l   f a c e s   can   be  v e r i f i e d   by  a  
30  c o m b i n a t i o n   of   v i s u a l   i n s p e c t i o n   and  t h e   1 0 9 . 5 °   a n g l e  

of  i n t e r s e c t i o n   f o r m e d   by  a d j a c e n t   o c t a h e d r a l   c r y s t a l  
f a c e s .  

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

d r a l   c r y s t a l   f a c e s   d i f f e r   f rom  c u b i c   c r y s t a l   f a c e s   i n  
35  t h a t   t h e   s u r f a c e   t i e r   of  i o n s   can   be  t h e o r e t i c a l l y  

h y p o t h e s i z e d   to   c o n s i s t   e n t i r e l y   of   s i l v e r   i o n s   o r  
h a l i d e   i o n s .   F i g u r e   4  i s   a  s c h e m a t i c   i l l u s t r a t i o n   o f  
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a  {111}  c r y s t a l   f a c e ,   a n a l o g o u s   to   F i g u r e   2 ,  
w h e r e i n   t h e   s m a l l e r   s p h e r e s   2  r e p r e s e n t   s i l v e r   i o n s  
w h i l e   t h e   l a r g e r   s p h e r e s   3  d e s i g n a t e   b r o m i n e   i o n s .  
A l t h o u g h   s i l v e r   i o n s   a r e   shown  a t   t h e   s u r f a c e   i n  

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

s u g g e s t e d   t h a t   h a v i n g   s i l v e r   i o n s   in   o n l y   e v e r y   o t h e r  
a v a i l a b l e   l a t t i c e   p o s i t i o n   in   t h e   s u r f a c e   t i e r   o f  
a t o m s   w o u l d   be  more   c o m p a t i b l e   w i t h   s u r f a c e   c h a r g e  
n e u t r a l i t y .   I n s t e a d   of   a  s u r f a c e   t i e r   of   s i l v e r  

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

In  c o m p a r i n g   F i g u r e s   1  and   2  w i t h   F i g u r e s   3 
and   A  i t   i s   i m p o r t a n t   to   b e a r   in   mind   t h a t   b o t h   t h e  

15  c u b i c   and   o c t a h e d r a l   g r a i n s   h a v e   e x a c t l y   t h e   s a m e  
c u b i c   c r y s t a l   l a t t i c e   s t r u c t u r e   and   t h u s   e x a c t l y   t h e  
same  i n t e r n a l   r e l a t i o n s h i p   of   s i l v e r   and  h a l i d e  
i o n s .   The  two  g r a i n s   d i f f e r   o n l y   in   t h e i r   s u r f a c e  
c r y s t a l   f a c e s .   N o t e   t h a t   in   t h e   c u b i c   c r y s t a l   f a c e  

20  of   F i g u r e   2  e a c h   s u r f a c e   s i l v e r   i o n   l i e s   I m m e d i a t e l y  
a d j a c e n t   f i v e   h a l i d e   i o n s ,   w h e r e a s   in   F i g u r e   4  t h e  
s i l v e r   i o n s   a t   t h e   o c t a h e d r a l   c r y s t a l   f a c e s   e a c h   l i e  

i m m e d i a t e l y   a d j a c e n t   o n l y   t h r e e   h a l i d e   i o n s .  

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

f a v o r e d   by  s i l v e r   h a l i d e .   In  a  few  I n s t a n c e s   s i l v e r  
h a l i d e   g r a i n s   h a v i n g   f a c e s   of   t h e   r h o m b i c   d o d e c a h e -  
d r a l   f o r m   h a v e   b e e n   o b s e r v e d .   C r y s t a l   f a c e s   of   t h e  
r h o m b i c   d o d e c a h e d r a l   f o r m   in  s i l v e r   c h l o r i d e   a n d  

30  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 s   a r e   r e p o r t e d   by  C l a e s  
e t   a l   U . S .   P a t e n t   3 , 8 1 7 , 7 5 6 .   W y r s c h ,   P a p e r s   f rom  t h e  
1978  I n t e r n a t i o n a l   C o n g r e s s   of   P h o t o g r a p h i c   S c i e n c e .  

R o c h e s t e r ,   N.Y.   ,  1 1 - 1 3 ,   p.  122 ,   r e p o r t e d   r h o m b i c  
d o d e c a h e d r a l   s i l v e r   c h l o r i d e   e m u l s i o n s   p r e p a r e d   by  a  

35  t r i p l e   J e t   p r e c i p i t a t i o n   p r o c e d u r e   in   t h e   p r e s e n c e   o f  
d i v a l e n t   c a d m i u m   i o n s   and  a m m o n i a .   B e r r y ,   " S u r f a c e  
S t r u c t u r e   and   R e a c t i v i t y   of   AgBr  D o d e c a h e d r a "   , 
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P h o t o g r a p h l c   S c i e n c e   and  E n g i n e e r i n g .   V o l .   19,  No.  3 ,  

May  / J u n e   1 9 7 5 ,   pp .   171  and  172,   i l l u s t r a t e s   s i l v e r  

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

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

5  A  r e g u l a r   r h o m b i c   d o d e c a h e d r a l   g r a i n   7  i s  

shown  in  F i g u r e   5.  The  r h o m b i c   d o d e c a h e d r a l   g r a i n   i s  

b o u n d e d   by  t w e l v e   i d e n t i c a l   c r y s t a l   f a c e s .   T h e s e  

c r y s t a l   f a c e s   a r e   r e f e r r e d   to   as  r h o m b i c   d o d e c a h e d r a l  

or  {110}  ( o r ,   l e s s   c o m m o n l y   in   r e f e r e n c e   t o  

10  s i l v e r   h a l i d e   g r a i n s ,   { 2 2 0 } )   c r y s t a l   f a c e s .  

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

r e a d i l y   v i s u a l l y   i d e n t i f i e d   in  r e g u l a r   g r a i n s ,   i n  

g r a i n s   of   more   c o m p l e x   s h a p e s   t h e   p r e s e n c e   of  r h o m b i c  

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

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

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

d o d e c a h e d r a l   c r y s t a l   f a c e s .  

R h o m b i c   d o d e c a h e d r a l   c r y s t a l   f a c e s   can   b e  

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

20  rows   of   s i l v e r   i o n s   and  h a l i d e   i o n s .   F i g u r e   6  i s   a  

s c h e m a t i c   i l l u s t r a t i o n   a n a l o g o u s   to   F i g u r e s   2  and  A,  

w h e r e i n   i t   c an   be  s e e n   t h a t   t h e   s u r f a c e   t i e r   of  i o n s  

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

i o n   p a r a l l e l   r o w s ,   i n d i c a t e d   by  l i n e s   8a  and  8 b ,  

25  r e s p e c t i v e l y .   In  F i g u r e   6  a  p o r t i o n   of  t h e   n e x t   t i e r  

of  i o n s   l y i n g   b e l o w   t h e   s u r f a c e   t i e r   i s   shown  t o  

i l l u s t r a t e   t h e i r   r e l a t i o n s h i p   to   t h e   s u r f a c e   t i e r   o f  

i o n s .   N o t e   t h a t   e a c h   s u r f a c e   s i l v e r   i on   l i e s  

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

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

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

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

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

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

35  i c o s i t e t r a h e d r a l   c r y s t a l   f o r m s .  

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

f o r   c u b i c   c r y s t a l   l a t t i c e   s t r u c t u r e   m a t e r i a l s   a r e  
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named  f o r   t h e   p o l y h e d r o n s   t h a t   a r e   p r o d u c e d   by  a  
r e g u l a r   c r y s t a l   s t r u c t u r e   b o u n d e d   e n t i r e l y   by  f a c e s  
of   a  s i n g l e   c r y s t a l l o g r a p h i c   f o r m .   For   e x a m p l e ,  
r e g u l a r   s i l v e r   h a l i d e   g r a i n s   b o u n d e d   e n t i r e l y   b y  

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

In  a d d i t i o n   to   r e g u l a r   g r a i n s   of   a  p o l y h e -  
d r a l   s h a p e   p r o d u c e d   by  b e i n g   b o u n d e d   e n t i r e l y   b y  

10  c r y s t a l   f a c e s   of   t h e   same  c r y s t a l l o g r a p h i c   f o r m ,   i t  
i s   n o t   uncommon  to   o b s e r v e   r e g u l a r   s i l v e r   h a l i d e  
g r a i n s   b o u n d e d   by  b o t h   c u b i c   and  o c t a h e d r a l   c r y s t a l  
f a c e s .   Such   g r a i n s   a r e   r e f e r r e d   to   as   b e i n g  
c u b o - o c t a h e d r a l   .  T h i s   i s   i l l u s t r a t e d   in   F i g u r e   7 ,  

15  w h e r e i n   c u b o - o c t a h e d r a l   g r a i n s   9  and   10  a r e   s h o w n  
a l o n g   w i t h   c u b i c   g r a i n   1  and  o c t a h e d r a l   g r a i n   5.  T h e  
c u b o - o c t a h e d r a l   g r a i n s   h a v e   f o u r t e e n   c r y s t a l   f a c e s ,  
s i x   c u b i c   c r y s t a l   f a c e s   and  e i g h t   o c t a h e d r a l   c r y s t a l  
f a c e s ,   and  f o r   t h a t   r e a s o n   t h e y   a r e   s o m e t i m e s  

20  a l t e r n a t i v e l y   r e f e r r e d   to   as  t e t r a d e c a h e d r a l   g r a i n s .  
A n a l o g o u s   c o m b i n a t i o n s   of  c u b i c   a n d / o r   o c t a h e d r a l  
c r y s t a l   f a c e s   and   r h o m b i c   d o d e c a h e d r a l   c r y s t a l   f a c e s  
a r e   p o s s i b l e ,   a  r a r e   e x a m p l e   of  g r a i n s   h a v i n g   c u b i c ,  
o c t a h e d r a l ,   and  r h o m b i c   d o d e c a h e d r a l   c r y s t a l   f a c e s  

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

F u r t h e r   d i v e r s i t y   in   s i l v e r   h a l i d e   g r a i n  
s h a p e   can   be  a t t r i b u t e d   to   i r r e g u l a r i t i e s   in   t h e  
g r a i n s ,   s u c h   as   t w i n   p l a n e s   or   s c r e w   d i s l o c a t i o n s .  

30  i r r e g u l a r   g r a i n s   of  d i s t i n c t i v e   s h a p e s ,   o f t e n  
o b s e r v e d   in  m i n o r   p r o p o r t i o n s ,   s u c h   as  t a b u l a r   s i l v e r  
b r o m i d e   g r a i n s   h a v i n g   o c t a h e d r a l   c r y s t a l   f a c e s ,   h a v e  
b e e n   t h e   s u b j e c t   of   many  s i l v e r   h a l i d e   c r y s t a l l o -  
g r a p h i c   s t u d i e s .   K l e i n   e t   a l ,   " F o r m a t i o n   of   T w i n s   o f  

35  AgBr  and  AgCl  C r y s t a l s   in  P h o t o g r a p h i c   E m u l s i o n s ' 1 ,  
P h o t o g r a p h l s c h e   K o r r e s p o n d e n z   .  V o l .   99,   No.  7,  p p .  
9 9 - 1 0 2   ( 1 9 6 3 )   d e s c r i b e s   a  v a r i e t y   of   s i n g l y   a n d  
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d o u b l y   t w i n n e d   s i l v e r   h a l i d e   c r y s t a l s   h a v i n g   c u b i c  

and  o c t a h e d r a l   c r y s t a l   f a c e s .   K l e i n   e t   a l   i s   o f  

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

t w i n n e d   s i l v e r   h a l i d e   g r a i n s   can   a s s u m e   w h i l e   s t i l l  
5  e x h i b i t i n g   o n l y   c u b i c   or  o c t a h e d r a l   c r y s t a l   f a c e s .  

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

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

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

W i l g u s   e t   a l   U . S .   P a t e n t   4 , 4 3 4 , 2 2 6 ;   K o f r o n   e t   a l   U . S .  

10  P a t e n t   4 , 4 3 9 , 5 2 0 ;   D a u b e n d i e k   e t   a l   U . S .   P a t e n t  

4 , 4 1 4 , 3 1 0 ;   A b b o t t   e t   a l   U . S .   P a t e n t s   4 , 4 2 5 , 4 2 5   a n d  

• 4 2 6 ;   Wey  U . S .   P a t e n t   4 , 3 9 9 , 2 1 5 ;   S o l b e r g   e t   a l   U . S .  

P a t e n t   4 , 4 3 3 , 0 4 8 ;   D i c k e r s o n   U . S .   P a t e n t   4 , 4 1 4 , 3 0 4 ;  

M i g n o t   U . S .   P a t e n t   4 , 3 8 6 , 1 5 6 ,   M i g n o t   R e s e a r c h  

15  D i s c l o s u r e .   V o l .   232 ,   A u g u s t   1 9 8 3 ,   I t e m   2 3 2 1 0 ;   J o n e s  

e t   a l   U . S .   P a t e n t   4 , 4 7 8 , 9 2 9 ;   Mas i ca sky   U . S .   P a t e n t  

4 , 4 0 0 , 4 6 3 ;   and  Wey  e t   a l   U . S .   P a t e n t   4 , 4 1 4 , 3 0 6 .  

R e s e a r c h   D i s c l o s u r e   i s   p u b l i s h e d   by  K e n n e t h   M a s o n  

P u b l i c a t i o n s ,   L t d . ,   Ems  w o r t h ,   H a m p s h i r e   P010  7DD, 

20  E n g l a n d .   W h i l e   t h i n   and  h i g h   a s p e c t   r a t i o   t a b u l a r  

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

t h e i r   m a j o r   f a c e s   a r e   of  t h e   same  c u b i c   or  o c t a h e d r a l  

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

g r a i n s   of   o t h e r   s h a p e s .  
25  T h e r e   h a s   b e e n   some  i n v e s t i g a t i o n   of  s i l v e r  

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

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

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

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

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

of   a  c o m p o s i t e   s t r u c t u r e .   Core—  s h e l l   e m u l s i o n s   a r e  

i l l u s t r a t e d   by  P o r t e r   e t   a l   U . S .   P a t e n t s   3 , 2 0 6 , 3 1 3  

and  3 , 3 1 7 , 3 2 2 ,   B e r r i m a n   U . S .   P a t e n t   3 , 3 6 7 , 7 7 8 ,   a n d  

E v a n s   U .S .   P a t e n t   3 , 7 6 1 , 2 7 6 ,   a n d ,   in   t a b u l a r   f o r m ,   b y  

35  E v a n s   e t   a l   U . S .   P a t e n t   4 , 5 0 4 , 5 7 0 .  

T u r n i n g   to   c o m p o s i t e   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   t h e   a d d i t i o n a l l y   d e p o s i t e d   s i l v e r   h a l i d e   d o e s  
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n o t   f o r m   a  s h e l l   a r o u n d   t h e   h o s t   s i l v e r   h a l l d e  
g r a i n s ,   K o i t a b a s h i   e t   a l   U . S .   P a t e n t   4 , 3 4 9 , 6 2 2  
d i s c l o s e s   e p i t a x i a l l y   d e p o s i t i n g   on  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 i n g   f r o m   15  to   40  m o l e   p e r c e n t   i o d i d e  
5  s i l v e r   h a l i d e   w h i c h   c o n t a i n s   l e s s   t h a n   10  m o l e  

p e r c e n t   i o d i d e .  

Hammers   te   in  e t   a l   U . S .   P a t e n t   3 , 8 0 4 , 6 2 9  
d i s c l o s e s   t h a t   t h e   s t a b i l i t y   of  s i l v e r   h a l i d e  
e m u l s i o n   l a y e r s   a g a i n s t   t h e   d e l e t e r i o u s   e f f e c t   o f  

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

15  Hammers   te   in  e t   a l   d i s c l o s e s   t h a t   s i l v e r   c h l o r i d e   s o  
d e p o s i t e d   w i l l   f o r m   h i l l o c k s   on  p r e v i o u s l y   f o r m e d  
s i l v e r   b r o m i d e   g r a i n s .  

B e r r y   and  S k i l l m a n ,   " S u r f a c e   S t r u c t u r e s   a n d  
E p i t a x i a l   G r o w t h   on  AgBr  M i c r o c r y s t a l s " ,   J o u r n a l   o f  

20  A p p l i e d   P h y s i c s .   V o l .   35,   No.  7,  J u l y   1 9 6 4 ,   p p .  
2 1 6 5 - 2 1 6 9 ,   d i s c l o s e s   t h e   g r o w t h   of  s i l v e r   c h l o r i d e   o n  
s i l v e r   b r o m i d e .   O c t a h e d r a   of  s i l v e r   b r o m i d e   f o r m  
g r o w t h s   a l l   o v e r   t h e i r   s u r f a c e   and   a r e   more   r e a c t i v e  
t h a n   c u b e s .   C u b e s   r e a c t   p r i m a r i l y   a t   t h e   c o r n e r s   a n d  

25  a l o n g   t h e   e d g e s .   T w i n n e d   t a b u l a r   c r y s t a l s   f o r m  

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

e d g e s   b e i n g   o b s e r v e d .   In  a d d i t i o n ,   l i n e a r   a r r a n g e -  
m e n t s   of  g r o w t h s   c an   be  p r o d u c e d   a f t e r   t h e   e m u l s i o n  

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

s l i p   b a n d s .  

M a s k a s k y   U . S .   P a t e n t   4 , 4 3 5 , 5 0 1   t e a c h e s   h i g h  

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

35  s i t e s .   M a s k a s k y   U . S .   P a t e n t   4 , 4 6 3 , 0 8 7   i s   e s s e n t i a l l y  
c u m u l a t i v e ,   b u t   a d d i t i o n a l l y   d i s c l o s e s   d e p o s i t i o n   a t  
t h e   e d g e s   and   c o r n e r s   of   n o n t a b u l a r   s i l v e r   h a l i d e  
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h o s t   g r a i n s .   E a c h   p a t e n t   t e a c h e s   t h e   u s e   of  a d s o r b e d  

s i t e   d i r e c t o r s   to   l o c a t e   s i l v e r   s a l t s   a t   s e l e c t e d  

s i t e s   on  t h e   h o s t   g r a i n s .  

A.  P.  H.  T r i v e l l i   and  S.  E.  S h e p p a r d ,   T h e  

5  S i l v e r   B r o m i d e   G r a i n   of  P h o t o g r a p h i c   E m u l s i o n s .   V a n  

N o s t r a n d ,   C h a p t e r s   VI  and  V I I I ,   1 9 2 1 ,   i s   c i t e d   f o r  

h i s t o r i c a l   i n t e r e s t .   M a g n i f i c a t i o n s   of   2500X  a n d  

l o w e r   t e m p e r   t h e   v a l u e   of  t h e s e   o b s e r v a t i o n s .   M u c h  

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

10  w i t h   m o d e r n   e l e c t r o n   m i c r o s c o p y .  

W.  R e i n d e r s ,   " S t u d i e s   of  P h o t o h a l i d e  

C r y s t a l s 1 1 ,   K o l l o i d - Z e i t s c h r i f t .   V o l .   9,  pp .   1 0 - 1 4  

( 1 9 1 1 ) ;   W.  R e i n d e r s ,   " S t u d y   of   P h o t o h a l i d e s   I I I  

A b s o r p t i o n   of  D y e s ,   P r o t e i n s   and  O t h e r   O r g a n i c  

15  C o m p o u n d s   in  C r y s t a l l i n e   S i l v e r   C h l o r i d e " ,  

Z e i t s c h r i f t   f u r   P h y s i k a l i s c h e   C h e m i e   ,  V o l .   77,  p p .  

6 7 7 - 6 9 9   ( 1 9 1 1 ) ;   H i r a t a   e t   a l ,   " C r y s t a l   H a b i t   o f  

P h o t o g r a p h i c   E m u l s i o n   G r a i n s " ,   J .   P h o t o g .   Soc .   o f  

J a p a n .   V o l .   36,   pp .   3 5 9 - 3 6 3   ( 1 9 7 3 ) ;   L o c k e r   U . S .  

20  P a t e n t   4 , 1 8 3 , 7 5 6 ;   and  L o c k e r   e t   a l   U . S .   P a t e n t  

4 , 2 2 5 , 6 6 6   i l l u s t r a t e   t e a c h i n g s   of  m o d i f y i n g   s i l v e r  

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

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

f o r m a t i o n .  

25  W u l f f   e t   a l   U . S .   P a t e n t   1 , 6 9 6 , 8 3 0   and  H e k i  

e t   a l   J a p a n e s e   K o k a i   5 8 [ 1 9 8 3 ] - 5 4 3 3 3   d e s c r i b e   t h e  

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

b e n z i m i d a z o l e   c o m p o u n d s .  

H a l w i g   U . S .   P a t e n t   3 , 5 1 9 , 4 2 6   and  O p p e n h e i m e r  

30  e t   a l ,   " R o l e   of  C a t i o n i c   S u r f a c t a n t s   in   R e c r y s t a l l i —  

z a t i o n   of  A q u e o u s   S i l v e r   B r o m i d e   D i s p e r s i o n s " ,   S m i t h  

P a r t i c l e   G r o w t h   and  S u s p e n s i o n .   A c a d e m i c   P r e s s ,  

L o n d o n ,   1 9 7 3 ,   pp .   1 5 9 - 1 7 8 ,   d i s c l o s e   a d d i t i o n s   o f  

4—  h y d r o x y —   6 - m e t h y l —   1 , 3 ,   3a ,   7—  t e t r a a z a i n d e n e   to   s i l v e r  

35  c h l o r i d e   and  s i l v e r   b r o m i d e   e m u l s i o n s ,   r e s p e c t i v e l y .  

F.  C.  P h i l l i p s ,   An  I n t r o d u c t i o n   to   C r y s t a l -  

l o g r a p h y   .  4 t h   E d . ,   J o h n   W i l e y   &  S o n s ,   1 9 7 1 ,   i s   r e l i e d  
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upon   as   a u t h o r i t y   f o r   t h e   b a s i c   p r e c e p t s   a n d  
t e r m i n o l o g y   of  c r y s t a l l o g r a p h y   h e r e i n   p r e s e n t e d .  

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

5  g r a i n s   t h e   s u r f a c e   a r e a   of  w h i c h   a r e   i n c r e a s e d .  
T h i s   o b j e c t   i s   a c c o m p l i s h e d   by  a  r a d i a t i o n  

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

10  c r y s t a l   l a t t i c e   e x t e n s i o n s   f rom  a  b a s e   p l a n e   of  a  
f i r s t   c r y s t a l l o g r a p h i c   f o r m ,   s i l v e r   h a l i d e   a d j a c e n t  
s a i d   b a s e   p l a n e ,   b e n e a t h   s a i d   b a s e   p l a n e   and  in  s a i d  
p r o t r u s i o n s ,   f a v o r i n g   t h e   f o r m a t i o n   of   s u r f a c e s   o f  
t h e   f i r s t   c r y s t a l l o g r a p h i c   f o r m ,   and  s a i d   p r o t r u s i o n s  

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

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

20  f o r m i n g   t h e   g r a i n   s u r f a c e s -   Each   of   t h e s e   s u r f a c e  
f e a t u r e s   o f f e r s   i t s   d i s t i n c t   a d v a n t a g e s .  

F i r s t ,   a  h i g h   g r a i n   s u r f a c e   a r e a   r a t i o   i s  
r e a l i z e d .   W h e r e a s   t h e   a r t   has   r e s o r t e d   to   m a k i n g  
g r a i n s   f i n e r   in   o r d e r   to   i n c r e a s e   t h e i r   s u r f a c e   a r e a  

25  r a t i o ,   t h i s   i n v e n t i o n   a l l o w s   t h e   g r a i n   s u r f a c e   a r e a  
r a t i o   to   be  i n c r e a s e d   i n d e p e n d e n t l y   of   g r a i n   s i z e .  
F u r t h e r ,   t h e   s u r f a c e   a r e a   r a t i o   c an   be  i n c r e a s e d  
i n d e p e n d e n t l y   of   o v e r a l l   g r a i n   s h a p e .   S p e c i f i c a l l y ,  
an  I n c r e a s e   in   g r a i n   s u r f a c e   a r e a   r a t i o   by  r u f f l e d  

30  m a j o r   c r y s t a l   f a c e s   as  c o n t e m p l a t e d   by  t h i s   i n v e n t i o n  
i s   e q u a l l y   a p p l i c a b l e   to   o t h e r w i s e   r e g u l a r   o r  
i r r e g u l a r   c u b i c   or   o c t a h e d r a l   g r a i n s .  

S t i l l   f u r t h e r ,   t h e   n o v e l   r u f f l i n g   a p p r o a c h  
of  t h i s   i n v e n t i o n   and  o t h e r   known  a p p r o a c h e s   f o r  

35  i n c r e a s i n g   g r a i n   s u r f a c e   a r e a   r a t i o s ,   s p e c i f i c a l l y  
r e d u c i n g   g r a i n   s i z e   or  p r o v i d i n g   i r r e g u l a r   g r a i n  
s h a p e s ,   a r e   c o m p a t i b l e   and  can   be  u s e d   in   c o m b i n a t i o n  



0 2 1 5 6 1 2  

- 1 2 -  

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

r a t i o s .  

T h i n   or  h i g h   a s p e c t   r a t i o   t a b u l a r   g r a i n  

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

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

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

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

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

s i z e s .  

10  At  t h e   same  t i m e ,   t h e   i n v e n t i o n   p e r m i t s  

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

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

p a r t i c u l a r   a d v a n t a g e s   when  a p p l i e d   to   r e g u l a r   a n d  

o t h e r   non—  t a b u l a r   g r a i n   s h a p e s .  
IB  The  s e c o n d   d i s t i n c t i v e   s i l v e r   h a l i d e   g r a i n  

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

g r a i n   f a c e s   r e n d e r   a c c e s s i b l e   v a r i e d   and  new  c h o i c e s  

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

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

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

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

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

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

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

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

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

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

f a c e s   to   be  r e a l i z e d   of   o t h e r   c r y s t a l l o g r a p h i c   f o r m s  

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

30  The  i n v e n t i o n   o f f e r s   t h e   a d v a n t a g e   o f  

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

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

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

e m u l s i o n s   of  u n i q u e   and  d i v e r s e   p h o t o g r a p h i c  
35  p r o p e r t i e s   to   be  r e a l i z e d .  

T h e s e   and  o t h e r   f e a t u r e s   and   a d v a n t a g e s   o f  

t h e   i n v e n t i o n   c an   be  b e t t e r   a p p r e c i a t e d   by  c o n s i d e r a —  
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t i o n   of   t h e   d e s c r i p t i o n   of  t h e   p r e f e r r e d   e m b o d i m e n t s  
and   t h e   d r a w i n g s .  

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

F i g u r e   1  i s   an  i s o m e t r i c   v i e w   of   a  r e g u l a r  
5  c u b i c   s i l v e r   h a l i d e   g r a i n ;  

F i g u r e   2  i s   a  s c h e m a t i c   d i a g r a m   of   t h e  
a t o m i c   a r r a n g e m e n t   a t   a  s i l v e r   b r o m i d e   c u b i c   c r y s t a l  
f a c e ;  

F i g u r e   3  i s   an  i s o m e t r i c   v i e w   of   a  r e g u l a r  
10  o c t a h e d r a l   s i l v e r   h a l i d e   g r a i n ;  

F i g u r e   4  I s   a  s c h e m a t i c   d i a g r a m   of   t h e  
a t o m i c   a r r a n g e m e n t   a t   a  s i l v e r   b r o m i d e   o c t a h e d r a l  
c r y s t a l   f a c e ;  

F i g u r e   5  Is   an  i s o m e t r i c   v i e w   of   a  r e g u l a r  
IB  r h o m b i c   d o d e c a h e d r o n ;  

F i g u r e   6  i s   a  s c h e m a t i c   d i a g r a m   of   t h e  
a t o m i c   a r r a n g e m e n t   a t   a  s i l v e r   b r o m i d e   r h o m b i c  
d o d e c a h e d r a l   c r y s t a l   f a c e ;  

F i g u r e   7  i s   an  i s o m e t r i c   v i e w   of   a  r e g u l a r  
20  c u b i c   s i l v e r   h a l i d e   g r a i n ,   a  r e g u l a r   o c t a h e d r a l  

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

F i g u r e s   8  and   9  a r e   p l a n   v i e w s   of   p y r a m i d a l  
p r o t r u s i o n s   f rom  a  b a s e   p l a n e ;  

25  F i g u r e   10  i s   an  I s o m e t r i c   v i e w   of   a  r e g u l a r  
{331}  t r l s o c t a h e d r a l   s i l v e r   h a l i d e   g r a i n ;  

F i g u r e   11  i s   a  s c h e m a t i c   d i a g r a m   of   t h e  
a t o m i c   a r r a n g e m e n t   a t   a  {331}  s i l v e r   b r o m i d e  
t r i s o c t a h e d r a l   c r y s t a l   f a c e ;  

30  F i g u r e   12  i s   an  i s o m e t r i c   v i e w   of  a  r e g u l a r  
{210}  t e t r a h e x a h e d r a l   s i l v e r   h a l i d e   g r a i n ;  

F i g u r e   13  i s   a  s c h e m a t i c   d i a g r a m   of   t h e  
a t o m i c   a r r a n g e m e n t   a t   a  s i l v e r   b r o m i d e   { 2 1 0 }  
t e t r a h e x a h e d r a l   c r y s t a l   f a c e ;  

35  F i g u r e   14  i s   an  i s o m e t r i c   v i e w   of   a  r e g u l a r  
{211}  i c o s i t e t r a h e d r a l   s i l v e r   h a l i d e   g r a i n ;  



0 2 1 5 6 1 2  

- 1 4 -  

F i g u r e   15  i s   a  s c h e m a t i c   d i a g r a m   of   t h e  

a t o m i c   a r r a n g e m e n t   a t   a  s i l v e r   b r o m i d e   { 2 1 1 }  

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

F i g u r e   16  i s   an  i s o m e t r i c   v i e w   of   a  r e g u l a r  

5  {321}  h e x o c t a h e d r a l   s i l v e r   h a l i d e   g r a i n ;  

F i g u r e   17  i s   a  s c h e m a t i c   d i a g r a m   of  t h e  

a t o m i c   a r r a n g e m e n t   a t   a  s i l v e r   b r o m i d e   { 3 2 1 }  

h e x o c t a h e d r a l   c r y s t a l   f a c e ;   a n d  

F i g u r e s   18,   19,  20,  21A,  21B,  21C,  21D,  2 2 ,  

10  23A,  23B,  23C,  24A,  24B,  24C,  24D,  25,   26A,  26B,  2 6 C ,  

26D,  26E,   27,   28,   29A,  29B,  30A,  30B,  31A,  31B,  3 2 ,  

33A,  and  33B,  a r e   e l e c t r o n   m i c r o g r a p h s   of   s i l v e r  

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

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   s i l v e r  

IB  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   c o m p r i s e d   of  r a d i a t i o n  

s e n s i t i v e   s i l v e r   g r a i n s   of  a  c u b i c   c r y s t a l   l a t t i c e  

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

e l e m e n t s   i n c l u d i n g   t h e s e   e m u l s i o n s .  

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

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

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

b o u n d e d   by  p l a n a r   f a c e s ,   s u c h   as  t h e   c u b e   1  in   F i g u r e  

1  or   t h e   o c t a h e d r o n   5  in   F i g u r e   3,  i t   i s   a p p a r e n t  

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

25  s u r f a c e   a r e a   c o n s i s t e n t   w i t h   t h e   s i z e   of  t h e  

p o l y h e d r o n .  

I t   ha s   b e e n   d i s c o v e r e d   q u i t e   u n e x p e c t e d l y  

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

g r a i n s   of  a  c u b i c   c r y s t a l   l a t t i c e   s t r u c t u r e   can   b e  

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

o v e r a l l   s h a p e   or  s i z e   of  t h e   g r a i n s .   T h i s   i s  

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

t h e   g r a i n s .   The  d e g r e e   to  w h i c h   t h e   g r a i n   s u r f a c e  

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

35  c a n   be  v a r i e d   f rom  s l i g h t   i n c r e a s e s   to   i n c r e a s e s   t h a t  

more   t h a n   d o u b l e   t h e   g r a i n   s u r f a c e   a r e a   r a t i o .   T h e  

g r a i n   f a c e s   e m p l o y e d   in   t h e   p r a c t i c e   of   t h i s  
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i n v e n t i o n   a r e   p r e f e r a b l y   r u f f l e d   to   an  e x t e n t  
s u f f i c i e n t   to   p r o v i d e   a  50  p e r c e n t   i n c r e a s e   in  t h e  
g r a i n s   s u r f a c e   a r e a   r a t i o .   T h i s   i s   w e l l   a b o v e   t h e  
i n c i d e n t a l   i n c r e a s e s   in  g r a i n   s u r f a c e   a r e a   h e r e t o f o r e  

5  r e a l i z e d   by  r a n d o m   n o n - u n i f o r m i t i e s   of   c r y s t a l   f a c e s  
and   u n s o u g h t   i n c r e a s e s   in  g r a i n   s u r f a c e   a r e a   r a t i o s  
r e a l i z e d   by  p r o d u c i n g   c o m p o s i t e   s i l v e r   h a l i d e  
g r a i n s .   The  s i l v e r   h a l i d e   e m u l s i o n s   of   t h i s  
i n v e n t i o n   m o s t   p r e f e r a b l y   e x h i b i t   r u f f l e d   g r a i n   f a c e s  

10  w h i c h   i n c r e a s e   g r a i n   s u r f a c e   a r e a   r a t i o s   by  a t   l e a s t  
100  p e r c e n t   and  o p t i m a l l y   a t   l e a s t   200  p e r c e n t   a s  
c o m p a r e d   to   g r a i n s   of   l i k e   s i z e   and  s h a p e ,   b u t  

l a c k i n g   r u f f l e d   f a c e s .  

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

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

20  s i l v e r   c h l o r i d e   ( g r e a t e r   t h a n   50  m o l e   p e r c e n t  
c h l o r i d e ,   b a s e d   on  s i l v e r )   and  e s p e c i a l l y   g r a i n s  
w h i c h   a r e   a t   l e a s t   90  mo le   p e r c e n t   c h l o r i d e   t h e  
f a v o r e d   c r y s t a l l o g r a p h i c   f o r m   i s   c u b i c ,   and  t h e   g r a i n  
f a c e s   to   be  r u f f l e d   a r e   t h e r e f o r e   c u b i c   ( i . e . ,  

25  { 1 0 0 } )   c r y s t a l   f a c e s .   For   o t h e r   s i l v e r   h a l i d e s ,  
s i l v e r   b r o m i d e ,   s i l v e r   b r o m o i o d i d e ,   s i l v e r   c h l o r o -  

b r o m i d e ,   and   s i l v e r   c h l o r o b r o m o i o d i d e s ,   t h e   f a v o r e d  

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

can   be  e i t h e r   c u b i c   o r ,   when  f o r m e d   in  t h e   p r e s e n c e  
30  of  an  e x c e s s   of  b r o m i d e   i o n s ,   o c t a h e d r a l   ( i . e . ,  

( 1 1 1 ) ) .  

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

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

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

The  r u f f l e s   t a k e   t h e   f o rm  of   p r o t r u s i o n s   f rom  t h e  

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

c u b i c   c r y s t a l   l a t t i c e   s t r u c t u r e   of   t h e   u n d e r l y i n g  
5  h o s t   g r a i n .   The  s i l v e r   h a l i d e   w i t h i n   t h e   r u f f l e s  

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

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

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

The  s i l v e r   h a l i d e   a d j a c e n t   t h e   b a s e   p l a n e   i n  

10  t h e   h o s t   g r a i n   and   in   t h e   p r o t r u s i o n s   c an   b e  

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

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

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

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

IB  h a l i d e   in   e a c h   l o c a t i o n   f a v o r   a  common  c r y s t a l l o -  

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

p l a n e .   T h u s ,   t h e   p r o t r u s i o n s   a d j a c e n t   t h e   b a s e   p l a n e  

can   be  f o r m e d ,   f o r   e x a m p l e ,   of  s i l v e r   h a l i d e   w h i c h   i s  

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

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

p l a n e ;   s i l v e r   b r o m i d e   d e p o s i t e d   on  a  s i l v e r   b r o m i d e  

or  b r o m o l o d i d e   b a s e   p l a n e ;   s i l v e r   b r o m o i o d i d e  

d e p o s i t e d   on  a  s i l v e r   b r o m i d e   or  b r o m o i o d i d e   b a s e  

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

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

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

s i l v e r   c h l o r i d e   c an   be  d e p o s i t e d   on  a  { 1 0 0 }  

s i l v e r   b r o m i d e   or  b r o m o i o d i d e   b a s e   p l a n e .   H o w e v e r ,  

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

30  d e p o s i t e d   on  a  {111}  s i l v e r   b r o m i d e   or   b r o m o -  

i o d i d e   b a s e   p l a n e   h a v e   no  a p p l i c a b i l i t y   to   t h i s  

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

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

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

35  be  of  any  known  p h o t o g r a p h i c a l l y   u s e f u l   s i l v e r   h a l i d e  

c o m p o s i t i o n   i n d e p e n d e n t l y   of   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   of  t h e   h o s t   g r a i n   a d j a c e n t   t h e   b a s e  
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p l a n e ,   s i n c e   o n c e   t h e   p r o t r u s i o n s   a r e   f o r m e d   t h e i r  
s u r f a c e   m o d i f i c a t i o n   In  any  d e s i r e d   m a n n e r   Is   a  
m a t t e r   of  c h o i c e .  

The  p r o t r u s i o n s   h a v e   b e e n   o b s e r v e d   to   t a k e  
5  In  m o s t   i n s t a n c e s   t h e   f o rm  of   p y r a m i d s   a n d ,   o c c a s i o n -  

a l l y ,   t h e   f o r m   of  r i d g e s .   For   c o n v e n i e n c e   t h e  
d i s c u s s i o n   w h i c h   f o l l o w s   i s   d i r e c t e d   s p e c i f i c a l l y   t o  
t h e   p r o t r u s i o n s   in   t h e i r   p y r a m i d a l   f o r m ,   b u t  
e x t e n s i o n   to   p r o t r u s i o n s   in   t h e   f o r m   of  r i d g e s   i s  

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

15  Each   p y r a m i d   p r e s e n t s   a  n u m b e r   of   s u r f a c e  
f a c e s   ( a l l   f a c e s   o t h e r   t h a n   t h e   b a s e )   w h i c h   a r e   of  a  
c r y s t a l l o g r a p h i c   f o r m   d i f f e r i n g   f r o m   t h a t   of   t h e   b a s e  
p l a n e .   The  n u m b e r   of  s u r f a c e   f a c e s   t h a t   a  p y r a m i d  
p r e s e n t s   i s   d e t e r m i n e d   by  t h e   c r y s t a l l o g r a p h i c   f o r m  

20  of   t h e   b a s e   p l a n e   and  t h e   c r y s t a l l o g r a p h i c   f o rm  o f  
t h e   p y r a m i d a l   s u r f a c e   f a c e s .   The  c o m b i n a t i o n s   a r e  
s e t   f o r t h   b e l o w   in  T a b l e   I .  

T a b l e   I  

P y r a m i d a l   S u r f a c e   F a c e s  
25  P y r a m i d a l   F a c e s   F a v o r e d   H o s t   G r a i n   F a c e s  

( 1 0 0 )   { 1 1 1 }  
{100}  -   3 

{111}  4  

{110}  4  3 
30  { h h t }   8  3 

{hkO}  4  6 

{ h i * }   A  3 

{ h k i }   8  6 

L o o k i n g   a t   F i g u r e   1  i t   c an   be  s e e n   t h a t  
35  c o r n e r s   of   t h e   c u b e   1  a r e   e a c h   f o r m e d   by  t h r e e  

{100}  c r y s t a l   f a c e s .   The  p y r a m i d s   of   { 1 0 0 }  
c r y s t a l   f a c e s   f o r m e d   on  a  {111}  b a s e   p l a n e   a r e  
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s i m i l a r   in   s h a p e   to   t h e   c o r n e r s   of  t h e   c u b e .   T h i s   i s  

s c h e m a t i c a l l y   shown  in  F i g u r e   8,  w h i c h   i s   a  p l a n   v i e w  

of  a  p y r a m i d   11  h a v i n g   t h r e e   {100}  c r y s t a l   f a c e s  

l l a ,   l i b ,   and   l i e   on  a  (111}   b a s e   p l a n e   1 2 .  

5  S i m i l a r l y ,   l o o k i n g   a t   F i g u r e   3  i t   c an   b e  

s e e n   t h a t   c o r n e r s   of   t h e   o c t a h e d r o n   5  a r e   e a c h   f o r m e d  

by  f o u r   {111}  c r y s t a l   f a c e s .   The  p y r a m i d s   o f  

{111}  c r y s t a l   f a c e s   f o r m e d   on  a  {100}  b a s e  

p l a n e   a r e   s i m i l a r   in   s h a p e   to   t h e   c o r n e r s   of   t h e  

10  o c t a h e d r o n .   T h i s   i s   s c h e m a t i c a l l y   shown  in  F i g u r e   9 ,  

w h i c h   i s   a  p l a n   v i e w   of  a  p y r a m i d   13  h a v i n g   f o u r  

{111}  c r y s t a l   f a c e s   13a ,   13b ,   1 3 c ,   and  13d  on  a  

{100}  b a s e   p l a n e   1 4 .  

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

15  d r a l   f a c e s ,   i t   c an   b e e n   s e e n   in   F i g u r e   5  t h a t   t h e  

r e g u l a r   r h o m b i c   d o d e c a h e d r o n   7  has   e i g h t   c o r n e r s   e a c h  

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

s i x   c o r n e r s   f o r m e d   by  t h e   i n t e r s e c t i o n   of  f o u r  

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

20  d o d e c a h e d r a l   or   {110}  c r y s t a l   f a c e s   i s   l o c a t e d   o n  

a  {100}  b a s e   p l a n e ,   i t   p r e s e n t s   f o u r   s u r f a c e  

f a c e s ,   t h u s   a p p e a r i n g   in   p l a n   s i m i l a r l y   as  shown  i n  

F i g u r e   9;  b u t   when  a  {111}  b a s e   p l a n e   i s  

p r e s e n t e d ,   a  p y r a m i d   w i t h   {110}  c r y s t a l   f a c e s  

25  p r e s e n t s   t h r e e   s u r f a c e   f a c e s ,   t h u s   a p p e a r i n g   in  p l a n  

s i m i l a r l y   as  shown  in  F i g u r e   8 .  

I t   s h o u l d   be  p o i n t e d   o u t   t h a t   a l t h o u g h   t h r e e  

s u r f a c e   f a c e   p y r a m i d s   f o r m e d   by  {100}  c r y s t a l  

f a c e s   on  a  {111}  b a s e   p l a n e   and  t h r e e   s u r f a c e  

30  f a c e   p y r a m i d s   f o r m e d   by  {110}  c r y s t a l   f a c e s   on  a  

{111}  b a s e   p l a n e   a p p e a r   s i m i l a r   in  p l a n   v i e w ,  

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

f a c e   p y r a m i d s   f o r m e d   by  {111}  c r y s t a l   f a c e s   on  a  

{100}  b a s e   p l a n e   and  f o u r   s u r f a c e   f a c e   p y r a m i d s  
35  f o r m e d   by  {110}  c r y s t a l   f a c e s   on  a  {100}  b a s e  

p l a n e   a r e   d i s t i n g u i s h a b l e .   One  way  of  i d e n t i f y i n g  

t h e   c r y s t a l l o g r a p h i c   f o rm  of  t h e   s u r f a c e   f a c e s   of  t h e  
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p y r a m i d s   i s   to   m e a s u r e   t h e   a n g l e   of   I n t e r s e c t i o n   of  a  
s u r f a c e   f a c e   w i t h   t h e   b a s e   p l a n e   of   t h e   h o s t   g r a i n .  
A n o t h e r   b a s i s   f o r   d i s t i n g u i s h i n g   t h e   c r y s t a l   f a c e s   o f  
t h e   p y r a m i d s   i s   by  n o t i n g   t h e   a n g l e s   of   i n t e r s e c t i o n s  

5  of   t h e   p y r a m i d   s u r f a c e   f a c e s .   A  c o m p a r i s o n   of   e i t h e r  
of   t h e s e   m e a s u r e d   a n g l e s   of   i n t e r s e c t i o n   w i t h   t h e  
t h e o r e t i c a l l y   p o s s i b l e   i n t e r s e c t i o n   a n g l e s   and  a  
f u r t h e r   k n o w l e d g e   of   t h e   c r y s t a l   l o g r a p h i c   f o r m   of  t h e  
b a s e   p l a n e s   p r e s e n t e d   by  t h e   h o s t   g r a i n s   and   t h e  

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

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

15  c r y s t a l   f a c e   i d e n t i f i c a t i o n .   Such   t e c h n i q u e s   a r e  
d e s c r i b e d ,   f o r   e x a m p l e ,   by  P h i l l i p s ,   c i t e d   a b o v e .  
T h e s e   t e c h n i q u e s   c a n   be  c o m b i n e d   w i t h   t e c h n i q u e s   f o r  
t h e   m i c r o s c o p i c   e x a m i n a t i o n   of   s i l v e r   h a l i d e   g r a i n s  
to   i d e n t i f y   p o s i t i v e l y   e i t h e r   or  b o t h   p y r a m i d a l   a n d  

20  h o s t   g r a i n   b a s e   p l a n e   c r y s t a l   f a c e s .   T e c h n i q u e s   f o r  

p r e p a r i n g   e l e c t r o n   m i c r o g r a p h s   of  s i l v e r   h a l i d e  
g r a i n s   a r e   g e n e r a l l y   w e l l   known  in  t h e   a r t ,   a s  
i l l u s t r a t e d   by  B.M.  S p i n e l l   and  C . F .   O s t e r ,   " P h o t o -  
g r a p h i c   M a t e r i a l s ' * ,   The  E n c y c l o p e d i a   of  M i c r o s c o p y  

25  find  M i c r o t e c h n i q u e .   P.  G r a y ,   e d . ,   Van  N o s t r a n d ,   N.Y.  , 
1 9 7 3 ,   pp .   4 2 7 - 4 3 4 ,   n o t e   p a r t i c u l a r l y   t h e   s e c t i o n  

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

p a g e s   429  and  4 3 0 .   E m p l o y i n g   t e c h n i q u e s   w e l l   k n o w n  
in  e l e c t r o n   m i c r o s c o p y ,   c a r b o n   r e p l i c a s   of  s i l v e r  

30  h a l i d e   g r a i n s   a r e   f i r s t   p r e p a r e d .   The  c a r b o n  
r e p l i c a s   r e p r o d u c e   t h e   g r a i n   s h a p e   w h i l e   a v o i d i n g  
s h a p e   a l t e r i n g   s i l v e r   p r i n t - o u t   t h a t   i s   known  t o  
r e s u l t   f r o m   e m p l o y i n g   t h e   s i l v e r   h a l i d e   g r a i n s  
w i t h o u t   c a r b o n   s h e l l s .   E l e c t r o n s   r a t h e r   t h a n   l i g h t  

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

m a g n i f i c a t i o n   to   be  r e a l i z e d   t h a n   when  l i g h t   i s  

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

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

p a r a l l e l   to   b o t h   of  two  a d j a c e n t   c r y s t a l   f a c e s ,   s e e n  

as  e d g e s .   When  t h e   g r a i n   f a c e s   a r e   p a r a l l e l   to   t h e  

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

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

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

Once  t h e   d e s i r e d   g r a i n   o r i e n t a t i o n   w i t h   two  i n t e r -  

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

10  to   t h e   e l e c t r o n   beam  i s   o b t a i n e d ,   t h e   a n g l e   o f  

i n t e r s e c t i o n   can   be  m e a s u r e d   f rom  an  e l e c t r o n  

m i c r o g r a p h   of  t h e   o r i e n t e d   g r a i n .   In  t h i s   way  t h e  

r e l a t i v e   a n g l e   p r e s e n t e d   by  any  two  i n t e r s e c t i n g  

c r y s t a l   f a c e s   can   be  m e a s u r e d .   By  n a r r o w i n g   t h e  

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

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

c r y s t a l   f o r m s   can   be  c a l c u l a t e d   and  c o m p a r e d   t o  

m e a s u r e d   i n t e r s e c t i o n   a n g l e   v a l u e s .   In  many ,   i f   n o t  

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

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

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

l i m i t e d   to   t h e   p y r a m i d a l   s u r f a c e   f a c e s .  

R e f e r r i n g   to   t h e   m u t u a l l y   p e r p e n d i c u l a r   x ,  

y,  and  z  a x e s   of  a  c u b i c   c r y s t a l   l a t t i c e ,   i t   i s   w e l l  

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

p a r a l l e l   to   two  of   t h e   a x e s   and  i n t e r s e c t   t h e   t h i r d ,  

t h u s   t h e   {100}  M i l l e r   i n d e x   a s s i g n m e n t ;   o c t a h e -  

d r a l   c r y s t a l   f a c e s   i n t e r s e c t   e a c h   of  t h e   t h r e e   a x e s  

a t   an  e q u a l   i n t e r v a l ,   t h u s   t h e   {111}  M i l l e r   i n d e x  

30  a s s i g n m e n t ;   and  r h o m b i c   d o d e c a h e d r a l   c r y s t a l   f a c e s  

i n t e r s e c t   two  of  t h e   t h r e e   a x e s   a t   an  e q u a l   i n t e r v a l  

and  a r e   p a r a l l e l   to   t h e   t h i r d   a x i s ,   t h u s   t h e  

{110}  M i l l e r   i n d e x   a s s i g n m e n t .   For   a  g i v e n  

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

3  5  and  o n l y   one  M i l l e r   i n d e x   a s s i g n m e n t   f o r   e a c h   o f  

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

f a c e s .  
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T r l s o c t a h e d r a l ,   t e t r a h e x a h e d r a l ,   i c o s l t e t r a -  

h e d r a l ,   and  h e x o c t a h e d r a l   c r y s t a l   f a c e s   c an   h a v e  

d i f f e r i n g   M i l l e r   i n d e x   v a l u e s   and  a r e   t h e r e f o r e  

i d e n t i f i e d   in   T a b l e   I  g e n e r i c a l l y   as   { h h l } ,  
5  {hkO} ,   { h l l } ,   and  { h k t }   c r y s t a l   f a c e s ,  

r e s p e c t i v e l y ,   w h e r e   h,  k,  and   I  a r e   i n d e p e n d e n t l y  
in  e a c h   o c c u r r e n c e   u n l i k e   i n t e g e r s   g r e a t e r   t h a n   z e r o ,  
h  i s   g r e a t e r   t h a n   t ,   and  k,  when  p r e s e n t ,   i s   l e s s  
t h a n   h  and  g r e a t e r   t h a n   1.  A l t h o u g h   t h e r e   i s   n o  

10  t h e o r e t i c a l   l i m i t   on  t h e   maximum  v a l u e s   of   t h e  

i n t e g e r   h,  c r y s t a l   f a c e s   h a v i n g   a  v a l u e   of   h  of   5  o r  
l e s s   a r e   more   e a s i l y   g e n e r a t e d .   S u b s e q u e n t  
d i s c u s s i o n   i s   f o r   c o n v e n i e n c e   d i r e c t e d   to   f a c e s   i n  

w h i c h   h  i s   5  or   l e s s .   R e l a t i o n s h i p s   f o r   f a c e s   i n  
15  w h i c h   h  i s   g r e a t e r   t h a n   5  a r e   e n t i r e l y   a n a l o g o u s .  

C o n s i d e r i n g   v a l u e s   of   h  up  to   5,  t r l s o c t a h e -  
d r a l   c r y s t a l   f a c e s   c an   h a v e   any  one  of   t h e   f o l l o w i n g  
M i l l e r   i n d i c e s :   { 2 2 1 } ,   { 3 3 1 } ,   { 4 4 1 } ,  

{ 5 5 1 } ,   { 3 3 2 } ,   { 5 5 2 } ,   { 4 4 3 } ,  
20  { 5 5 3 } ,   or   { 5 5 4 } .   F i g u r e   10  i s   an  i s o m e t r i c  

v i e w   of   a  t r i s o c t a h e d r o n   15  b o u n d e d   by  f a c e s   of  t h e  

{331}  c r y s t a l l o g r a p h i c   f o r m .   The  p o i n t   or   c o i g n  
16  i s   f o r m e d   by  t h r e e   i n t e r s e c t i n g   c r y s t a l   f a c e s   1 6 a ,  

1 6 b ,   and   16c  and   i s   one  of   e i g h t   i d e n t i c a l   c o i g n s .  
25  The  p o i n t   or   c o i g n   17  i s   f o r m e d   by  e i g h t   i n t e r s e c t i n g  

c r y s t a l   f a c e s   1 6 a ,   1 6 c ,   1 7 a ,   17b ,   1 7 c ,   17d ,   1 7 e ,   a n d  
17f   and  i s   one  of   s i x   i d e n t i c a l   c o i g n s .   R e f e r r i n g   t o  
T a b l e   I ,   i t   i s   a p p a r e n t   t h a t   a  p y r a m i d   h a v i n g   e i g h t  
s u r f a c e   f a c e s   s u c h   as  t h o s e   d e f i n i n g   c o i g n   17  i s  

30  p r e s e n t   when  t h e   s u r f a c e   f a c e s   of   t h e   p y r a m i d   a r e  
t r i s o c t a h e d r a l   or  {hhft}  c r y s t a l   f a c e s   on  a  c u b i c  

or   {100}  b a s e   p l a n e   p r e s e n t e d   by  t h e   h o s t   g r a i n .  

I f ,   on  t h e   o t h e r   h a n d ,   t h e   h o s t   g r a i n   p r e s e n t s   a n  
o c t a h e d r a l   or   {111}  b a s e   p l a n e ,   a  p y r a m i d   h a v i n g  

35  t h r e e   s u r f a c e   f a c e s   s u c h   as  t h o s e   d e f i n i n g   c o i g n   1 6  
i s   p r e s e n t   when  t h e   s u r f a c e   f a c e s   of   t h e   p y r a m i d   a r e  
t r i s o c t a h e d r a l .   Fo r   t r i s o c t a h e d r a l   c r y s t a l   f a c e s   o f  
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d i f f e r i n g   M i l l e r   i n d i c e s   t h e   g e o m e t r i c a l   r e l a t i o n -  

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

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

p l a n e ,   d i f f e r .  

5  The  {331}  t r i s o c t a h e d r a l   c r y s t a l   f a c e s  

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

h a l i d e   i o n s   t h a t   d i f f e r s   f rom  t h a t   p r e s e n t e d   by  a l l  

o t h e r   p o s s i b l e   c r y s t a l   f a c e s   f o r   c u b i c   c r y s t a l  

l a t t i c e   s t r u c t u r e   s i l v e r   h a l i d e s .   T h i s   u n i q u e  

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

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

11,   w h e r e i n   a  {331}  t r i s o c t a h e d r a l   c r y s t a l   f a c e  

i s   shown   f o r m e d   by  s i l v e r   i o n s   2  and   b r o m i d e   i o n s   3 .  

C o m p a r i n g   F i g u r e   11  w i t h   F i g u r e s   2,  4,  and  6,  i t   i s  

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

b r o m i d e   i o n s   in  e a c h   f i g u r e   i s   d i s t i n c t i v e .   T h e  

{331}  t r i s o c t a h e d r a l   c r y s t a l   f a c e   p r e s e n t s   a n  

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

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

20  c u b i c ,   o c t a h e d r a l ,   or  r h o m b i c   d o d e c a h e d r a l   s i l v e r  

b r o m i d e   c r y s t a l   f a c e s .   T h i s   i s   a  r e s u l t   of  t h e  

t i e r i n g   t h a t   o c c u r s   a t   t h e   {331}  t r i s o c t a h e d r a l  

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

d i f f e r i n g   M i l l e r   i n d i c e s   a l s o   e x h i b i t   t i e r i n g .   T h e  

25  d i f f e r i n g   M i l l e r   i n d i c e s   r e s u l t   in   a n a l o g o u s ,   b u t  

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

and  h a l i d e   i o n s .  

C o n s i d e r i n g   v a l u e s   of  h  up  to   5,  t e t r a h e x a -  

h e d r a l   c r y s t a l   f a c e s   can   h a v e   any  one  of  t h e  

30  f o l l o w i n g   M i l l e r   i n d i c e s :   { 2 1 0 } ,   { 3 1 0 } ,  

{ 3 2 0 } ,   { 4 1 0 } ,   { 4 3 0 } ,   { 5 1 0 } ,  

{ 5 2 0 } ,   { 5 3 0 } ,   or  { 5 4 0 } .   F i g u r e   12  i s   a n  

i s o m e t r i c   v i e w   of   a  t e t r a h e x a h e d r o n   18  b o u n d e d   b y  

f a c e s   of  t h e   {210}  c r y s t a l l o g r a p h i c   f o r m .   T h e  

3  5  p o i n t   or  c o i g n   19  i s   f o r m e d   by  f o u r   i n t e r s e c t i n g  

c r y s t a l   f a c e s   1 9 a ,   19b ,   19c ,   and  19d  and  i s   one  o f  

s i x   i d e n t i c a l   c o i g n s .   The  c o i g n   20  i s   f o r m e d   by  s i x  
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i n t e r s e c t i n g   c r y s t a l   f a c e s   1 9 a ,   1 9 e ,   2 0 a ,   20b .   2 0 c ,  
and   20d  and  i s   one   of   e i g h t   i d e n t i c a l   c o i g n s .  
R e f e r r i n g   to   T a b l e   I ,   i t   i s   a p p a r e n t   t h a t   a  p y r a m i d  
h a v i n g   f o u r   s u r f a c e   f a c e s   s u c h   as  t h o s e   d e f i n i n g  

5  c o i g n   19  i s   p r e s e n t   when  t h e   s u r f a c e   f a c e s   of   t h e  
p y r a m i d   a r e   t e t r a h e x a h e d r a l   or  {hkO}  c r y s t a l  
f a c e s   on  a  c u b i c   or   {100}  b a s e   p l a n e   p r e s e n t e d   b y  
t h e   h o s t   g r a i n .   I f ,   on  t h e   o t h e r   h a n d ,   t h e   h o s t  

g r a i n   p r e s e n t s   an  o c t a h e d r a l   or   {111}  b a s e   p l a n e ,  
10  a  p y r a m i d   h a v i n g   s i x   s u r f a c e   f a c e s   s u c h   as  t h o s e  

d e f i n i n g   c o i g n   20  i s   p r e s e n t   when  t h e   s u r f a c e   f a c e s  
of  t h e   p y r a m i d   a r e   t e t r a h e x a h e d r a l .   Fo r   t e t r a h e x a h e -  
d r a l   c r y s t a l   f a c e s   of  d i f f e r i n g   M i l l e r   i n d i c e s   t h e  
g e o m e t r i c a l   r e l a t i o n s h i p s   a r e   t h e   s a m e ,   b u t   t h e  

15  a n g l e s   of   s u r f a c e   f a c e   i n t e r s e c t i o n s ,   w i t h   e a c h   o t h e r  
and  w i t h   t h e   b a s e   p l a n e ,   d i f f e r .  

The  {210}  t e t r a h e x a h e d r a l   c r y s t a l   f a c e s  

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

20  o t h e r   p o s s i b l e   c r y s t a l   f a c e s   f o r   c u b i c   c r y s t a l  
l a t t i c e   s t r u c t u r e   s i l v e r   h a l i d e s .   T h i s   u n i q u e  
s u r f a c e   a r r a n g e m e n t   of   i o n s   as   t h e o r e t i c a l l y  
h y p o t h e s i z e d   i s   s c h e m a t i c a l l y   i l l u s t r a t e d   by  F i g u r e  
13,   w h e r e i n   a  {210}  t e t r a h e x a h e d r a l   c r y s t a l   f a c e  

25  i s   shown  f o r m e d   by  s i l v e r   i o n s   2  and  b r o m i d e   i o n s   3 .  
C o m p a r i n g   F i g u r e   13  w i t h   F i g u r e s   2,  4,  6,  and  11,  i t  
i s   a p p a r e n t   t h a t   t h e   s u r f a c e   p o s i t i o n i n g   of   s i l v e r  
and  b r o m i d e   i o n s   in   e a c h   f i g u r e   i s   d i s t i n c t i v e .   T h e  
{210}  t e t r a h e x a h e d r a l   c r y s t a l   f a c e   p r e s e n t s   a n  

30  o r d e r e d ,   b u t   more   v a r i e d   a r r a n g e m e n t   of  s u r f a c e  
s i l v e r   and   b r o m i d e   i o n s   t h a n   i s   p r e s e n t e d   a t   t h e  
c u b i c ,   o c t a h e d r a l ,   or   r h o m b i c   d o d e c a h e d r a l   s i l v e r  
b r o m i d e   c r y s t a l   f a c e s .   T h i s   i s   a  r e s u l t   of   t h e  
t i e r i n g   t h a t   o c c u r s   a t   t h e   {210}  t e t r a h e x a h e d r a l  

35  c r y s t a l   f a c e .   T e t r a h e x a h e d r a l   c r y s t a l   f a c e s   w i t h  
d i f f e r i n g   M i l l e r   i n d i c e s   a l s o   e x h i b i t   t i e r i n g .   T h e  
d i f f e r i n g   M i l l e r   i n d i c e s   r e s u l t   in  a n a l o g o u s ,   b u t  
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n e v e r t h e l e s s   u n i q u e   s u r f a c e   a r r a n g e m e n t s   of  s i l v e r  

and   h a l i d e   i o n s .  

C o n s i d e r i n g   v a l u e s   of  h  up  to   5,  i c o s i t e t r a -  

h e d r a l   c r y s t a l   f a c e s   can   h a v e   any  one  of   t h e  

5  f o l l o w i n g   M i l l e r   i n d i c e s :   { 2 1 1 } ,   { 3 1 1 } ,  

{ 3 2 2 } ,   { 4 1 1 } ,   { 4 3 3 } ,   { 5 1 1 } ,  

{ 5 2 2 } ,   { 5 3 3 } ,   or  { 5 4 4 } .   F i g u r e   14  i s   a n  

i s o m e t r i c   v i e w   of   a  i c o s i t e t r a h e d r o n   21  b o u n d e d   b y  

f a c e s   of  t h e   {211}  c r y s t a l   l o g r a p h i c   f o r m .   T h e  

10  p o i n t   or  c o i g n   22  i s   f o r m e d   by  f o u r   i n t e r s e c t i n g  

c r y s t a l   f a c e s   2 2 a ,   22b ,   2 2 c ,   and  22d  and  i s   one  o f  

s i x   i d e n t i c a l   c o i g n s .   The  c o i g n   23  i s   f o r m e d   b y  

t h r e e   i n t e r s e c t i n g   c r y s t a l   f a c e s   2 2 a ,   2 3 a ,   and  2 3 b  

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

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

s u r f a c e   f a c e s   s u c h   as  t h o s e   d e f i n i n g   c o i g n   22  i s  

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

i c o s i t e t r a h e d r a l   Or  {hkO}  c r y s t a l   f a c e s   on  a  

c u b i c   or  {100}  b a s e   p l a n e   p r e s e n t e d   by  t h e   h o s t  

20  g r a i n .   I f ,   on  t h e   o t h e r   h a n d ,   t h e   h o s t   g r a i n  

p r e s e n t s   an  o c t a h e d r a l   or  {111}  b a s e   p l a n e ,   a  

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

d e f i n i n g   c o i g n   23  i s   p r e s e n t   when  t h e   s u r f a c e   f a c e s  

of  t h e   p y r a m i d   a r e   i c o s i t e t r a h e d r a l .   Fo r   i c o s i t e t r a -  

25  h e d r a l   c r y s t a l   f a c e s   of  d i f f e r i n g   M i l l e r   i n d i c e s   t h e  

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

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

and   w i t h   t h e   b a s e   p l a n e ,   d i f f e r .  

The  {211}  i c o s i t e t r a h e d r a l   c r y s t a l   f a c e s  

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

h a l i d e   i o n s   t h a t   d i f f e r s   f rom  t h a t   p r e s e n t e d   by  a l l  

o t h e r   p o s s i b l e   c r y s t a l   f a c e s   f o r   c u b i c   c r y s t a l  

l a t t i c e   s t r u c t u r e   s i l v e r   h a l i d e s .   T h i s   u n i q u e  

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

35  h y p o t h e s i z e d   i s   s c h e m a t i c a l l y   i l l u s t r a t e d   by  F i g u r e  

15,   w h e r e i n   a  {211}  i c o s i t e t r a h e d r a l   c r y s t a l   f a c e  

i s   shown  f o r m e d   by  s i l v e r   i o n s   2  and  b r o m i d e   i o n s   3 .  
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C o m p a r i n g   F i g u r e   15  w i t h   F i g u r e s   2.  4,  6,  11,  and  1 3 ,  
i t   i s   a p p a r e n t   t h a t   t h e   s u r f a c e   p o s i t i o n i n g   of  s i l v e r  
and   b r o m i d e   i o n s   in   e a c h   f i g u r e   i s   d i s t i n c t i v e .   T h e  
{211}  i c o s i t e t r a h e d r a l   c r y s t a l   f a c e   p r e s e n t s   a n  

5  o r d e r e d ,   b u t   more   v a r i e d   a r r a n g e m e n t   of   s u r f a c e  
s i l v e r   and  b r o m i d e   i o n s   t h a n   i s   p r e s e n t e d   a t   t h e  
c u b i c ,   o c t a h e d r a l ,   or   r h o m b i c   d o d e c a h e d r a l   s i l v e r  
b r o m i d e   c r y s t a l   f a c e s .   T h i s   i s   a  r e s u l t   of   t h e  
t i e r i n g   t h a t   o c c u r s   a t   t h e   {211}  i c o s i t e t r a h e d r a l  

10  c r y s t a l   f a c e .   I c o s i t e t r a h e d r a l   c r y s t a l   f a c e s   w i t h  
d i f f e r i n g   M i l l e r   i n d i c e s   a l s o   e x h i b i t   t i e r i n g .   T h e  
d i f f e r i n g   M i l l e r   i n d i c e s   r e s u l t   in   a n a l o g o u s ,   b u t  
n e v e r t h e l e s s   u n i q u e   s u r f a c e   a r r a n g e m e n t s   of   s i l v e r  
and  h a l i d e   i o n s .  

15  C o n s i d e r i n g   v a l u e s   of   h  up  to   5,  h e x o c t a h e -  
d r a l   c r y s t a l   f a c e s   c an   h a v e   any  one  of   t h e   f o l l o w i n g  
M i l l e r   i n d i c e s :   { 3 2 1 } ,   { 4 2 1 } ,   { 4 3 1 } ,  
{ 4 3 2 } ,   { 5 2 1 } ,   { 5 3 1 } ,   { 5 3 2 } ,  
{ 5 4 1 } ,   { 5 4 2 } ,   or   { 5 4 3 } .   F i g u r e   16  i s   a n  

20  i s o m e t r i c   v i e w   of   a  h e x o c t a h e d r o n   24  b o u n d e d   by  f a c e s  
of  t h e   {321}  c r y s t a l l o g r a p h i c   f o r m .   The  c o i g n   2 5  
i s   f o r m e d   by  e i g h t   i n t e r s e c t i n g   c r y s t a l   f a c e s   2 5 a ,  
2 5 b ,   2 5 c ,   25d ,   2 5 e ,   2 5 f ,   25g ,   and  25h  and   i s   one  o f  
s i x   i d e n t i c a l   c o i g n s .   The  p o i n t   or   c o i g n   26  i s  

25  f o r m e d   by  s i x   i n t e r s e c t i n g   c r y s t a l   f a c e s   25g ,   2 5 h ,  
2 6 a ,   26b ,   2 6 c ,   and   26d  and  i s   one  of   s i x   i d e n t i c a l  
c o i g n s .   The  c o i g n   27  i s   f o r m e d   by  f o u r   i n t e r s e c t i n g  
c r y s t a l   f a c e s   2 5 a ,   25h ,   2 6 a .   and   2 7 a .   R e f e r r i n g   t o  
T a b l e   I  i t   i s   a p p a r e n t   t h a t   a  p y r a m i d   h a v i n g   e i g h t  

30  s u r f a c e   f a c e s   s u c h   as   t h o s e   d e f i n i n g   c o i g n   25  i s  
p r e s e n t   when  t h e   s u r f a c e   f a c e s   of   t h e   p y r a m i d   a r e  
h e x o c t a h e d r a l   or   { h k t }   c r y s t a l   f a c e s   on  a  c u b i c  
or   {100}  b a s e   p l a n e   p r e s e n t e d   by  t h e   h o s t   g r a i n .  
I f ,   on  t h e   o t h e r   h a n d ,   t h e   h o s t   g r a i n   p r e s e n t s   a n  

35  o c t a h e d r a l   or  {111}  b a s e   p l a n e ,   a  p y r a m i d   h a v i n g  
s i x   s u r f a c e   f a c e s   s u c h   as  t h o s e   d e f i n i n g   c o i g n   26  i s  
p r e s e n t   when  t h e   s u r f a c e   f a c e s   of  t h e   p y r a m i d   a r e  
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h e x o c t a h e d r a l .   A l t h o u g h   e x c l u d e d   f r o m   t h e   p r e s e n t  

i n v e n t i o n   b e c a u s e   of   t h e i r   r a r i t y   and   t h e r e f o r e   l a c k  

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

r h o m b i c   d o d e c a h e d r a l   or   {110}  c r y s t a l l o g r a p h i c  

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

c o r r e s p o n d i n g   to   t h o s e   f o r m i n g   c o i g n   27.   F o r  

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

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

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

10  e a c h   o t h e r   and   w i t h   t h e   b a s e   p l a n e ,   d i f f e r .  

The  {321}  h e x o c t a h e d r a l   c r y s t a l   f a c e s  

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

h a l i d e   i o n s   t h a t   d i f f e r s   f rom  t h a t   p r e s e n t e d   by  a l l  

o t h e r   p o s s i b l e   c r y s t a l   f a c e s   f o r   c u b i c   c r y s t a l  

IB  l a t t i c e   s t r u c t u r e   s i l v e r   h a l i d e s .   T h i s   u n i q u e  

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

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

17,   w h e r e i n   a  {321}  h e x o c t a h e d r a l   c r y s t a l   f a c e   i s  

shown  f o r m e d   by  s i l v e r   i o n s   2  and  b r o m i d e   i o n s   3 .  

20  C o m p a r i n g   F i g u r e   17  w i t h   F i g u r e s   2,  4,  6,  11,  13,   a n d  

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

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

t i v e .   The  {321}  h e x o c t a h e d r a l   c r y s t a l   f a c e  

p r e s e n t s   an  o r d e r e d ,   b u t   more   v a r i e d   a r r a n g e m e n t   o f  

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

t h e   c u b i c ,   o c t a h e d r a l ,   or  r h o m b i c   d o d e c a h e d r a l   s i l v e r  

b r o m i d e   c r y s t a l   f a c e s .   T h i s   i s   a  r e s u l t   of   t h e  

o b l i q u e   t i e r i n g   t h a t   o c c u r s   a t   t h e   { 3 2 1 }  

h e x o c t a h e d r a l   c r y s t a l   f a c e .   I c o s i t e t r a h e d r a l   c r y s t a l  

30  f a c e s   w i t h   d i f f e r i n g   M i l l e r   i n d i c e s   a l s o   e x h i b i t  

o b l i q u e   t i e r i n g .   The  d i f f e r i n g   M i l l e r   i n d i c e s   r e s u l t  

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

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

An  i n t e r e s t i n g   p o i n t   to   n o t e   i s   t h a t   i t   i s  

3  5  t h e   c o l l e c t i v e   b a s e   a r e a s   o c c u p i e d   r a t h e r   t h a n   t h e  

s i z e   or   n u m b e r   of   p y r a m i d s   of  any  p a r t i c u l a r   f o r m  

t h a t   c o n t r o l s   t h e   s u r f a c e   a r e a   t h e y   p r e s e n t .   T h e  
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r e a s o n   f o r   t h i s   i s   t h a t   s u r f a c e   f a c e   a r e a   i s   in   a  
f i x e d   r a t i o   to   t h e   b a s e   a r e a   f o r   a l l   p y r a m i d s   of  t h e  
same  f o r m .   For   e x a m p l e ,   a  p o p u l a t i o n   of   a  h u n d r e d  
p y r a m i d s   of   a  g i v e n   f o r m   and  a  s e c o n d   p o p u l a t i o n   of   a  

5  t h o u s a n d   s m a l l e r   p y r a m i d s   of  t h e   same  f o r m   e x h i b i t  
t h e   same  r a t i o   of   c o l l e c t i v e   b a s e   a r e a   to   c o l l e c t i v e  
s u r f a c e   a r e a   —   i . e . ,   i f   t h e   c o l l e c t i v e   b a s e   a r e a s   f o r  
t h e   two  p y r a m i d   p o p u l a t i o n s   a r e   e q u a l ,   t h e i r  
c o l l e c t i v e   s u r f a c e   a r e a s   a r e   a l s o   e q u a l .   H e n c e ,   t h e  

10  d e g r e e   to   w h i c h   r u f f l i n g   c an   i n c r e a s e   t h e   s u r f a c e  
a r e a   of  t h e   h o s t   g r a i n s   i s   a  f u n c t i o n   of   t h e  

p y r a m i d a l   c o v e r a g e   of   t h e   b a s e   p l a n e s   and   t h e   f o r m   o f  
t h e   p y r a m i d s   as   o p p o s e d   to   t h e i r   s i z e   or   n u m b e r .  
T h u s ,   t h e   I n v e n t i o n   i s   n o t   r e s t r i c t e d   to   r u f f l e d  

IB  g r a i n s   h a v i n g   any  p a r t i c u l a r   s i z e   or   n u m b e r   o f  
p y r a m i d s .  

H a v i n g   made  t h i s   o b s e r v a t i o n ,   h o w e v e r ,   i t   i s  
a l s o   p o i n t e d   o u t   t h a t   t h e   s u r f a c e   a r e a   r a t i o   ( a s  
o p p o s e d   to   t h e   s u r f a c e   a r e a )   p r e s e n t e d   by  r u f f l e d  

20  s i l v e r   h a l i d e   g r a i n s   i s   d i r e c t l y   i n f l u e n c e d   by  t h e  
s i z e   of   t h e   p y r a m i d s .   A  h u n d r e d   p y r a m i d s   p r o v i d i n g  
t h e   same  s u r f a c e   a r e a   as  a  t h o u s a n d   s m a l l e r   p y r a m i d s  
of   t h e   same  f o r m   n e v e r t h e l e s s   h a v e   a  much  l a r g e r  
c o l l e c t i v e   v o l u m e   and  t h e r e f o r e   r e q u i r e   more   s i l v e r  

25  h a l i d e   to   f o r m .   T h i s   i s   one  r e a s o n   to   f a v o r   s m a l l e r  
p y r a m i d s   o v e r   l a r g e r   p y r a m i d s .   I t   i s   a c c o r d i n g l y  
p r e f e r r e d   to   e m p l o y   p y r a m i d s   h a v i n g   a v e r a g e   b a s e  

a r e a s   l e s s   t h a n   10  and  m o s t   p r e f e r a b l y   l e s s   t h a n  
10  t i m e s   t h e   a v e r a g e   a r e a s   of   t h e   b a s e   p l a n e s   o n  

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

When  i t   i s   d e s i r e d   to   m a x i m i z e   t h e   s u r f a c e  

a r e a   r a t i o   p r o v i d e d   by  t h e   p y r a m i d s ,   i t   i s ,   o f  

c o u r s e ,   o b v i o u s   to   s e l e c t   p y r a m i d s   w h i c h   t h e m s e l v e s  
e x h i b i t   a  maximum  s u r f a c e   a r e a   r a t i o ,   a l t h o u g h   t h e  

35  a m o u n t   of  s i l v e r   h a l i d e   c o n t a i n e d   in   r e l a t i v e l y   s m a l l  
p y r a m i d s   i s   v i r t u a l l y   n e g l i g i b l e .   A  s e c o n d   f a c t o r   t o  
c o n s i d e r   i s   w h e t h e r   t h e   p y r a m i d a l   b a s e   d e f i n e s   a  
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p o l y g o n a l   f i g u r e   t h a t   can   be  c l o s e   p a c k e d .   A l l  

p y r a m i d s   of  t h e   same  fo rm  on  a  g i v e n   b a s e   p l a n e   a r e  

i d e n t i c a l l y   o r i e n t e d .   L o o k i n g   a t   F i g u r e   9  i t   can   b e  

s e e n   t h a t   t h e   b a s e   p l a n e   14  can   in   t h e o r y   be  e n t i r e l y  
5  c o v e r e d   w i t h   p y r a m i d s   of  t h e   fo rm  of   p y r a m i d   1 3 ,  

w h e t h e r   or  n o t   t h e   p y r a m i d s   a r e   of  t h e   same  o r  
d i f f e r e n t   s i z e s .   On  t h e   o t h e r   h a n d ,   g i v e n   t h e  

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

10  f r o m   F i g u r e   8  t h a t   t h e   b a s e   p l a n e   12  c a n n o t   b e  

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

p y r a m i d   11,  a l t h o u g h   t h e   v a c a n c i e s   b e t w e e n   a d j a c e n t  

p y r a m i d s   c an   be  r e d u c e d   w h e r e   p y r a m i d s   of  d i f f e r e n t  

s i z e s   a r e   p r e s e n t .  
IB  The  p r e s e n c e   of  r u f f l e s   f o r m e d   by  p y r a m i d a l  

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

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

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

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

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

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

w h a t   n o r m a l l y   w o u l d   be  o b t a i n e d .   In  a d d i t i o n ,   t h e  
25  f o r m a t i o n   of  p y r a m i d a l   c r y s t a l   f a c e s   i s   h i g h l y  

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

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

r a r e l y   or  n e v e r   b e f o r e   b e e n   o b s e r v e d   f o r   s i l v e r  

h a l i d e   i s   an  e x c e p t i o n a l   d e p a r t u r e   f rom  t h e   p a s t  
30  k n o w l e d g e   of   t h e   a r t .  

W h i l e   i t   i s   n o t   i n t e n d e d   to   l i m i t   t h e  

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

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

3  5  g r a i n s   b o u n d e d   by  f a c e s   of  a  f a v o r e d   c r y s t a l l o g r a p h i c  
fo rm  f o r   t h e   s i l v e r   h a l i d e   a d j a c e n t   t h e   g r a i n  

s u r f a c e ,   d e p o s i t i n g   a d d i t i o n a l   s i l v e r   h a l i d e   w h i c h  
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f a v o r s   t h e   same  c r y s t a l l o g r a p h i c   f o r m   r e s u l t s   i n  
s u b s t a n t i a l l y   u n i f o r m   s h e l l i n g   of   t h e   g r a i n s   w i t h   t h e  
r e s u l t i n g   s h e l l e d   g r a i n ,   t h o u g h   l a r g e r   in   s i z e ,   s t i l l  
e x h i b i t i n g   c r y s t a l   f a c e s   of  t h e   same  c r y s t a l l o g r a p h i c  

5  f o r m   as  t h e   h o s t   g r a i n s .  

T u r n i n g   to   F i g u r e   7,  i t   i s   known  in   e m u l s i o n  
p r e c i p i t a t i o n   t h a t   g r a i n s   of   o c t a h e d r a l   c r y s t a l   f a c e s  
c a n   be  c h a n g e d   in   s h a p e   to   c u b i c   c r y s t a l   f a c e s   a n d  
v i c e   v e r s a   by  c h a n g i n g   p r e c i p i t a t i o n   c o n d i t i o n s   a s  

10  t h e   g r a i n s   a r e   b e i n g   g r o w n .   T h u s ,   t h e   o c t a h e d r a l  
g r a i n   5  b o u n d e d   by  {111}  c r y s t a l   f a c e s   c an   b e  
g r o w n   to   f o r m   s u c c e s s i v e l y   t h e   t e t r a d e c a h e d r o n   9,  t h e  
t e t r a d e c a h e d r o n   10,   and   t h e   c u b e   1  m e r e l y   by  c h a n g i n g  
t h e   p r e c i p i t a t i o n   c o n d i t i o n s   to   f a v o r   t h e   f o r m a t i o n  

15  of   {100}  c r y s t a l   f a c e s .   ( I n   p r a c t i c e   t h e   c u b e  
and   t e t r a d e c a h e d r a   a r e   u s u a l l y   s o m e w h a t   l a r g e r   i n  
r e l a t i o n   to   t h e   o c t a h e d r o n   t h a n   s h o w n . )   By  c o m p a r i n g  
t e t r a d e c a h e d r a   9  and   10  i t   c an   be  r e a d i l y   a p p r e c i a t e d  
t h a t   t h e   c u b i c   c r y s t a l   f a c e s   a r e   b e c o m i n g   l a r g e r  

20  b e c a u s e   s i l v e r   h a l l d e   i s   more   r a p i d l y   d e p o s i t i n g   o n  
w h a t   r e m 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   f a c e s .   F r o m  
t h i s   t h e   o b s e r v a t i o n   f o l l o w s   t h a t   t h e   m a j o r   c r y s t a l  
f a c e s   of   s i l v e r   h a l i d e   g r a i n s   a r e   t h o s e   of   a  
c r y s t a l l o g r a p h i c   f o r m   o n t o   w h i c h   s i l v e r   and   h a l i d e  

25  i o n s   p r e c i p i t a t e   m o s t   s l o w l y .   Once  o n l y   f a c e s   o f  
t h i s   l e s s   r e a c t i v e   c r y s t a l l o g r a p h i c   f o r m   r e m a i n ,   i n  
t h e   i n s t a n c e   a b o v e   t h e   {100}  f a c e s   of   c u b i c   g r a i n  
1,  s i l v e r   and  h a l i d e   i o n s   d e p o s i t   i s o t r o p i c a l l y   o n  
t h e s e   s u r f a c e s .  

30  The  s u c c e s s f u l   f o r m a t i o n   of   c r y s t a l   f a c e s   o f  
a  d i f f e r i n g   c r y s t a l l o g r a p h i c   f o r m   f r o m   t h a t   f a v o r e d  
by  t h e   s i l v e r   h a l i d e   b e i n g   d e p o s i t e d   d e p e n d s   o n  
i d e n t i f y i n g   g r a i n   g r o w t h   c o n d i t i o n s   t h a t   r e t a r d   t h e  
r a t e   of  s i l v e r   and  h a l i d e   i on   d e p o s i t i o n   o n t o   f a c e s  

35  of  t h e   d e s i r e d   d i f f e r i n g   c r y s t a l l o g r a p h i c   f o r m .   M a n y  
e x a m p l e s   c an   be  f o u n d   in   t h e   a r t   of   g r o w i n g   h o s t  
g r a i n s   p r e s e n t i n g   c u b i c   or   o c t a h e d r a l   f a c e s   to   f o r m  
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g r a i n s   in   w h i c h   some  or  a l l   of  t h e   f a c e s   a r e   of  t h e  

o t h e r   c r y s t a l l o g r a p h i c   f o rm  —  i . e . ,   o c t a h e d r a l   o r  

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

05  s h a p e   a r e   e q u a l l y   a p p l i c a b l e   to  t h i s   c r y s t a l l o g r a p h i c  

f o r m .   By  o b s e r v i n g   s a m p l e s   t a k e n   a t   i n t e r m e d i a t e  

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

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

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

10  r e f e r e n c e   to  F i g u r e   7,  can   and  do  o c c u r .  

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

g r o w t h   p a t t e r n   p o s s i b l e ,   and  i t   i s   t h i s   l a t t e r   g r o w t h  

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

R e f e r r i n g   a g a i n   to   F i g u r e   7,  i t   c an   be  s e e n   t h a t   i n  

15  g r o w i n g   t h e   o c t a h e d r a l   g r a i n   5  to   f o r m   t h e   c u b i c  

g r a i n   1,  t h e   {100}  c r y s t a l   f a c e s   o r i g i n a t e   a t   t h e  

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

in  a r e a   u n t i l   t h e   c u b i c   f o r m   i s   c o m p l e t e .   C o m p a r i n g  

F i g u r e   7  w i t h   F i g u r e s   8  and  9,  i t   i s   i m m e d i a t e l y  

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

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

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

g r a i n s .  

B e r r y   and  S k i l l m a n ,   d i s c u s s e d   a b o v e ,   g r e w  

25  s i l v e r   c h l o r i d e   as  d i s c r e t e   d e p o s i t s   on  t h e   { 1 1 1 }  

m a j o r   s u r f a c e s   of  t a b u l a r   s i l v e r   b r o m i d e   g r a i n s .   T h e  

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

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

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

30  {100}  c r y s t a l l o g r a p h i c   f o rm  and  was  t h e r e f o r e  

3 5  
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i n c o m p a t l b l e   w i t h   c o n t i n u i n g   {111}  c r y s t a l   f a c e  
g r o w t h   u n d e r   t h e   c o n d i t i o n s   of  p r e c i p i t a t i o n  
e m p l o y e d .   U n l i k e   B e r r y   and  S k i l l m a n   t h e   p r e s e n t  
i n v e n t i o n   e m p l o y s   s i l v e r   h a l i d e   to   r u f f l e   t h e   h o s t  

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

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

I t   i s   b e l i e v e d   t h a t   t h i s   i s   made  p o s s i b l e   b y  
c r e a t i n g   c o n d i t i o n s   w h i c h   s l o w   t h e   r a t e   of   s i l v e r   a n d  

10  h a l i d e   i on   d e p o s i t i o n   f o r   a t   l e a s t   one   o t h e r  

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

15  c r e a t e d   c o n d i t i o n s   c a u s e s   to   be  f o r m e d   o v e r   t h e   f a c e s  
of   t h e   h o s t   g r a i n s   p y r a m i d s   b o u n d e d   by  s u r f a c e   f a c e s  
of   t h e   s l o w e r   g r o w i n g   c r y s t a l l o g r a p h i c   f o r m .   M a x i m u m  
r u f f l i n g   i s   a c h i e v e d   when  s u b s t a n t i a l l y   a l l   of  t h e  
h o s t   g r a i n   s u r f a c e s   a r e   j u s t   c o v e r e d   by  t h e   p y r a m i d a l  

20  p r o t r u s i o n s .   I f   d e p o s i t i o n   i s   c o n t i n u e d   t h e r e a f t e r ,  
t h e   g r a i n s   r e v e r t   e v e n t u a l l y   to   an  u n r u f f l e d   f o r m ,  
b u t   a r e   b o u n d e d   by  f a c e s   of  a  c r y s t a l l o g r a p h i c   f o r m  

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

25  F a i l u r e   of   t h e   a r t   to   o b s e r v e   r u f f l e d   g r a i n  
f a c e s   or   any  g r a i n   f a c e s   of  t h e   t r i s o c t a h e d r a l ,  

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

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

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

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

r u f f l i n g   of  t h e   n o r m a l l y   o b s e r v e d   {100}  a n d  

{111}  g r a i n   f a c e s .   I t   h a s   b e e n   d i s c o v e r e d   t h a t  
3  5  g r o w t h   m o d i f i e r s   c an   be  e m p l o y e d   to   p r o d u c e   r u f f l e d  

g r a i n   f a c e s .   The  g r o w t h   m o d i f i e r s   w h i c h   h a v e   b e e n  
i d e n t i f i e d   a r e   o r g a n i c   c o m p o u n d s .   They   a r e   b e l i e v e d  
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to   be  e f f e c t i v e   by  r e a s o n   of  s h o w i n g   an  a d s o r p t i o n  

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

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

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

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

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

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

c r y s t a l   f a c e s .   T h u s   c r y s t a l   f a c e s   of   t h e   c r y s t a l l o -  

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

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

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

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

d e p o s i t i o n .   G r o w t h   m o d i f i e r s   t h a t   h a v e   b e e n  

e m p i r i c a l l y   p r o v e n   to   be  e f f e c t i v e   in   p r o d u c i n g  
IB  r u f f l e d   g r a i n   f a c e s   as  w e l l   as  t h e   c o m b i n a t i o n s   o f  

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

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

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

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

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

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

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

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

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

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

c o m p o u n d s   shown  to   be  e f f e c t i v e   as  g r o w t h   m o d i f i e r s  

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

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

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

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

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

g r a i n s   w i t h   r u f f l e d   g r a i n   f a c e s ,   r o u t i n e   e m p i r i c a l  
3  5  s t u d i e s   s y s t e m a t i c a l l y   v a r y i n g   p a r a m e t e r s   a r e   l i k e l y  

to  l e a d   to   a d d i t i o n a l   u s e f u l   p r e p a r a t i o n   t e c h n i q u e s .  
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Once  s i l v e r   h a l i d e   g r a i n   g r o w t h   c o n d i t i o n s  
a r e   s a t i s f i e d   t h a t   s e l e c t i v e l y   r e t a r d   s i l v e r   h a l i d e  
d e p o s i t i o n   a t   p y r a m i d a l   c r y s t a l   f a c e s ,   c o n t i n u e d  
g r a i n   g r o w t h   u s u a l l y   r e s u l t s   In  r u f f l i n g   of   a l l   t h e  

5  g r a i n s   p r e s e n t   in   t h e   s i l v e r   h a l i d e   p r e c i p i t a t i o n  
r e a c t i o n   v e s s e l .   I t   d o e s   n o t   f o l l o w ,   h o w e v e r ,   t h a t  
a l l   of  t h e   r a d i a t i o n   s e n s i t i v e   s i l v e r   h a l i d e   g r a i n s  
in  t h e   e m u l s i o n s   of   t h e   p r e s e n t   I n v e n t i o n   m u s t   h a v e  
r u f f l e d   f a c e s .   Fo r   e x a m p l e ,   s i l v e r   h a l i d e   g r a i n s  

10  h a v i n g   r u f f l e d   f a c e s   c an   be  b l e n d e d   w i t h   any  o t h e r  
c o n v e n t i o n a l   s i l v e r   h a l i d e   g r a i n   p o p u l a t i o n   t o  
p r o d u c e   t h e   f i n a l   e m u l s i o n .   W h i l e   s i l v e r   h a l i d e  
e m u l s i o n s   c o n t a i n i n g   any   i d e n t i f i a b l e   r u f f l e d   g r a i n  
s u r f a c e   a r e   c o n s i d e r e d   w i t h i n   t h e   s c o p e   of   t h i s  

15  I n v e n t i o n ,   in   m o s t   a p p l i c a t i o n s   t h e   g r a i n s   h a v i n g   a t  
l e a s t   one  i d e n t i f i a b l e   r u f f l e d   f a c e   a c c o u n t   f o r   a t  
l e a s t   10  p e r c e n t   of   t h e   t o t a l   g r a i n   p o p u l a t i o n   a n d  
u s u a l l y   t h e s e   g r a i n s   w i l l   a c c o u n t   f o r   g r e a t e r   t h a n   5 0  
p e r c e n t   of  t h e   t o t a l   g r a i n   p o p u l a t i o n .  

20  The  h o s t   g r a i n   e m u l s i o n s   p r e s e n t i n g   c u b i c  
a n d / o r   o c t a h e d r a l   c r y s t a l   f a c e s   f r o m   w h i c h   t h e  
e m u l s i o n s   of   t h i s   i n v e n t i o n   a r e   p r o d u c e d   and  a n y  
e m u l s i o n s   l a c k i n g   r u f f l e d   g r a i n   f a c e s   b l e n d e d   i n t o  
r u f f l e d   g r a i n   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  

25  c an   be  c h o s e n   f r o m   among  a  v a r i e t y   of   c o n v e n t i o n a l  
e m u l s i o n s .   G e n e r a l l y   t h e   t e c h n i q u e s   f o r   p r o d u c i n g  
s u r f a c e   l a t e n t   i m a g e   f o r m i n g   g r a i n s ,   I n t e r n a l   l a t e n t  
i m a g e   f o r m i n g   g r a i n s ,   I n t e r n a l l y   f o g g e d   g r a i n s ,  
s u r f a c e   f o g g e d   g r a i n s ,   and  b l e n d s   of   d i f f e r i n g   g r a i n s  

30  d e s c r i b e d   in  R e s e a r c h   D i s c l o s u r e .   V o l .   176 ,   D e c e m b e r  
1 9 7 8 ,   I t e m   1 7 6 4 3 ,   S e c t i o n   I ,   can   be  a p p l i e d   to   t h e  
p r e p a r a t i o n   of   e m u l s i o 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 .  

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

35  h a l i d e   e m u l s i o n s   as  h o s t   g r a i n   e m u l s i o n s .   S u c h  
e m u l s i o n s   a r e   i l l u s t r a t e d   by  W i l g u s   e t   a l   U .S .   P a t e n t  
4 , 4 3 4 , 2 2 6 ;   K o f r o n   e t   a l   U .S .   P a t e n t   4 , 4 3 9 , 5 2 0 ;  
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D a u b e n d i e k   e t   a l   U .S .   P a t e n t   4 , 4 1 4 , 3 1 0 ;   A b b o t t   e t   a l  

U .S .   P a t e n t s   4 , 4 2 5 , 4 2 5   and  f 4 2 6 ;   Wey  U .S .   P a t e n t  

4 , 3 9 9 , 2 1 5 ;   S o l b e r g   e t   a l   U .S .   P a t e n t   4 , 4 3 3 , 0 4 8 ;  

D i c k e r s o n   U .S .   P a t e n t   4 , 4 1 4 , 3 0 4 ;   M i g n o t   U .S .   P a t e n t  

5  4 , 3 8 6 , 1 5 6 ,   M i g n o t   R e s e a r c h   D i s c l o s u r e .   V o l .   2 3 2 ,  

A u g u s t   1 9 8 3 ,   I t e m   2 3 2 1 0 ;   J o n e s   e t   a l   U .S .   P a t e n t  

4 , 4 7 8 , 9 2 9 ;   E v a n s   e t   a l   U .S .   P a t e n t   3 , 7 6 1 , 2 7 6 ;  

M a s k a s k y   U .S .   P a t e n t   4 , 4 0 0 , 4 6 3 ;   Wey  e t   a l   U .S .   P a t e n t  

4 , 4 1 4 , 3 0 6 ;   and  M a s k a s k y   4 , 4 3 5 , 5 0 1 ,   c i t e d   a b o v e   a n d  

10  h e r e   i n c o r p o r a t e d   by  r e f e r e n c e .  

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

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

med ium  and  s i l v e r   h a l i d e   g r a i n s ,   w h e r e i n   a t   l e a s t   5 0  

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

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

g r a i n s   h a v i n g   a  t h i c k n e s s   of   l e s s   t h a n   0 . 3   ym,  a  

d i a m e t e r   of   a t   l e a s t   0 . 6   iim,  and  an  a v e r a g e   a s p e c t  

r a t i o   of   g r e a t e r   t h a n   8 : 1 .   In  some  a p p l i c a t i o n s ,  

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

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

a b s o r b i n g ,   a t   l e a s t   50  p e r c e n t   of  t h e   t o t a l   p r o j e c t e d  

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

t a b u l a r   s i l v e r   h a l i d 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  

l e s s   t h a n   0 . 5   vm,  a  d i a m e t e r   of   a t   l e a s t   0 . 6   v m ,  

25  and  an  a v e r a g e   a s p e c t   r a t i o   of  g r e a t e r   t h a n   8 : 1 .  

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

a r e   t h o s e   in   w h i c h   t h e   a v e r a g e   a s p e c t   r a t i o   i s   a t  

l e a s t   1 2 : 1   and  o p t i m a l l y   a t   l e a s t   2 0 : 1 .   I t   i s   a l s o  

p r e f e r r e d   to  i n c r e a s e   t h e   p r o j e c t e d   a r e a   r e f e r r e d   t o  

30  a b o v e   f rom  50  p e r c e n t   to  70  p e r c e n t   and  o p t i m a l l y   t o  

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

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

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

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

35  i m a g i n g .  

As  h e r e i n   d e f i n e d   t h i n   t a b u l a r   g r a i n  

e m u l s i o n s   a r e   t h o s e   c o m p r i s e d   of  a  d i s p e r s i n g   m e d i u m  
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and   s i l v e r   h a l l d e   g r a i n s ,   w h e r e i n   a t   l e a s t   50  p e r c e n t  
of  t h e   t o t a l   p r o j e c t e d   a r e a   of   t h e   s i l v e r   h a l i d e  

g r a i n s   i s   p r o v i d e d   by  t a b u l a r   s i l v e r   h a l i d e   g r a i n s  
h a v i n g   a  t h i c k n e s s   of   l e s s   t h a n   0 . 2   un  and   a n  

B  a v e r a g e   a s p e c t   r a t i o   of  g r e a t e r   t h a n   5 : 1 .   T h e  

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

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

15  c a n   be  w a s h e d   as  d e s c r i b e d   in   R e s e a r c h   D i s c l o s u r e .  

I t e m   1 7 6 4 3 ,   c i t e d   a b o v e ,   S e c t i o n   I I .  

The  r a d i a t i o n   s e n s i t i v e   s i l v e r   h a l i d e   g r a i n s  
of   t h e   e m u l s i o n s   c a n   be  s u r f a c e   c h e m i c a l l y   s e n s i -  
t i z e d .   N o b l e   m e t a l   ( e . g . ,   g o l d ) ,   m i d d l e   c h a l c o g e n  

20  ( e . g . ,   s u l f u r ,   s e l e n i u m ,   or   t e l l u r i u m ) ,   and   r e d u c t i o n  

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

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

s e n s i t i z e r s   a r e   l i s t e d   in  R e s e a r c h   D i s c l o s u r e .   I t e m  

1 7 6 4 3 ,   c i t e d   a b o v e .   S e c t i o n   I I I .  
25  The  s i l v e r   h a l i d e   e m u l s i o n s   c an   be  s p e c t r a l -  

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

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

m e r o c y a n i n e s   ( i . e . ,   t r i - ,   t e t r a - ,   and   p o l y n u c l e a r  
30  c y a n i n e s   and   m e r o c y a n i n e s ) ,   o x o n o l s ,   h e m i o x o n o l s ,  

s t y r y l s ,   m e r o s t y r y l s ,   and  s t r e p t o c y a n i n e s .   I l l u s t r a -  

t i v e   s p e c t r a l   s e n s i t i z i n g   d y e s   a r e   d i s c l o s e d   i n  
R e s e a r c h   D i s c l o s u r e .   I t e m   1 7 6 4 3 ,   c i t e d   a b o v e ,   S e c t i o n  

I V .  

35  The  s i l v e r   h a l i d e   e m u l s i o n s   as   w e l l   as  o t h e r  

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

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

m a t e r i a l s   ( e . g . ,   l a t i c e s ) .   S u i t a b l e   h y d r o p h i l i c  

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

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

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

a l k a l i   t r e a t e d   g e l a t i n   ( c a t t l e ,   b o n e ,   or   h i d e  

g e l a t i n )   or   a c i d   t r e a t e d   g e l a t i n   ( p i g s k i n   g e l a t i n ) ,  

g e l a t i n   d e r i v a t i v e s   —   e . g . ,   a c e t y l a t e d   g e l a t i n ,  

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

10  s u c h   as  d e x t r a n ,   gum  a r a b l e ,   z e i n ,   c a s e i n ,   p e c t i n ,  

c o l l a g e n   d e r i v a t i v e s ,   c o l l o d i o n ,   agar—  a g a r ,   a r r o w -  

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

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

v e h i c l e s   and   h a r d e n e r s   a r e   p r o v i d e d   in   R e s e a r c h  

IB  D i s c l o s u r e .   I t e m   1 7 6 4 3 ,   c i t e d   a b o v e ,   S e c t i o n s   IX  a n d  

X.  

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 l e m e n t s   o f  

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

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

20  d e s c r i b e d ,   f o r   e x a m p l e ,   in   R e s e a r c h   D i s c l o s u r e ,   I t e m  

1 7 6 4 3 ,   c i t e d   a b o v e .   O t h e r   c o n v e n t i o n a l   u s e f u l  

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

c o u p l e r s   ( s u c h   as  dye  f o r m i n g   c o u p l e r s ,   m a s k i n g  

c o u p l e r s   and   DIR  c o u p l e r s )   DIR  c o m p o u n d s ,   a n t i —   s t a i n  

25  a g e n t s ,   i m a g e   dye  s t a b i l i z e r s ,   a b s o r b i n g   m a t e r i a l s  

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

i ng   m a t e r i a l s ,   a n t i s t a t i c   a g e n t s ,   c o a t i n g   a i d s ,   a n d  

p l a s t i c i z e r s   and  l u b r i c a n t s .  

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

30  i n v e n t i o n   c an   be  s i m p l e   b l a c k - a n d - w h i t e   or  m o n o c h r o m e  

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

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

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

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

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

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

be  d e s i g n e d   f o r   p r o c e s s i n g   w i t h   s e p a r a t e   s o l u t i o n s   o r  
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f o r   i n - c a m e r a   p r o c e s s i n g .   In  t h e   l a t t e r   I n s t a n c e   t h e  
p h o t o g r a p h i c   e l e m e n t s   can   i n c l u d e   c o n v e n t i o n a l   i m a g e  
t r a n s f e r   f e a t u r e s ,   s u c h   as  t h o s e   I l l u s t r a t e d   b y  
R e s e a r c h   D i s c l o s u r e ,   i t e m   1 7 6 4 3 ,   c i t e d   a b o v e ,   S e c t i o n  

5  X X I I I .   M u l t i c o l o r   e l e m e n t s   c o n t a i n   dye   i m a g e   f o r m i n g  
u n i t s   s e n s i t i v e   to   e a c h   of   t h e   t h r e e   p r i m a r y   r e g i o n s  
of   t h e   s p e c t r u m .   E a c h   u n i t   c an   be  c o m p r i s e d   of  a  
s i n g l e   e m u l s i o n   l a y e r   or   of   m u l t i p l e   e m u l s i o n   l a y e r s  
s e n s i t i v e   to   a  g i v e n   r e g i o n   of  t h e   s p e c t r u m .   T h e  

10  l a y e r s   of   t h e   e l e m e n t ,   i n c l u d i n g   t h e   l a y e r s   of   t h e  
i m a g e   f o r m i n g   u n i t s ,   can   be  a r r a n g e d   in   v a r i o u s  
o r d e r s   as   known  in   t h e   a r t .   In  an  a l t e r n a t i v e  
f o r m a t ,   t h e   e m u l s i o n   or   e m u l s i o n s   c an   be  d i s p o s e d   a s  
one  or   more   s e g m e n t e d   l a y e r s ,   e . g . ,   as   by  t h e   u s e   o f  

15  m i c r o v e s s e l s   or   m i c r o c e l l s ,   bb  d e s c r i b e d   in   W h i t m o r e  
U . S .   P a t e n t   4 , 3 8 7 , 1 5 4 .  

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

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

25  one  r e d   s e n s i t i v e   s i l v e r   h a l i d e   e m u l s i o n   l a y e r   h a v i n g  
a s s o c i a t e d   t h e r e w i t h   a  c y a n   dye  f o r m i n g   c o u p l e r ,   a t  
l e a s t   one   of   t h e   s i l v e r   h a l i d e   e m u l s i o n   l a y e r s  
c o n t a i n i n g   g r a i n s   h a v i n g   r u f f l e d   f a c e s   bb  p r e v i o u s l y  
d e s c r i b e d .  

30  The  e l e m e n t s   of  t h e   p r e s e n t   I n v e n t i o n   c a n  
c o n t a i n   a d d i t i o n a l   l a y e r s   c o n v e n t i o n a l   in  p h o t o -  
g r a p h i c   e l e m e n t s ,   s u c h   as  o v e r c o a t   l a y e r s ,   s p a c e r  
l a y e r s ,   f i l t e r   l a y e r s ,   a n t i h a l a t i o n   l a y e r s ,   a n d  
s c a v e n g e r   l a y e r s .   The  s u p p o r t   c an   be  any   s u i t a b l e  

35  s u p p o r t   u s e d   w i t h   p h o t o g r a p h i c   e l e m e n t s .   T y p i c a l  
s u p p o r t s   i n c l u d e   p o l y m e r i c   f i l m s ,   p a p e r   ( I n c l u d i n g  
p o l y m e r - c o a t e d   p a p e r ) ,   g l a s s ,   and  m e t a l   s u p p o r t s .  
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D e t a i l s   r e g a r d i n g   s u p p o r t s   and  o t h e r   l a y e r s   of  t h e  

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

in  R e s e a r c h   D i s c l o s u r e ,   I t e m   1 7 6 4 3 ,   c i t e d   a b o v e ,  

S e c t i o n   X V I I .  

5  The  p h o t o g r a p h i c   e l e m e n t s   c an   be  i m a g e w i s e  

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

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

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

b e t a   r a d i a t i o n ,   gamma  r a y ,   X  r a y ,   a l p h a   p a r t i c l e ,  

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

w a v e - l i k e   r a d i a n t   e n e r g y   in   e i t h e r   n o n c o h e r e n t  

( r a n d o m   p h a s e )   f o r m s   or  c o h e r e n t   ( i n   p h a s e )   f o r m s ,   a s  

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

a r e   i n t e n d e d   to   be  e x p o s e d   by  X  r a y s ,   t h e y   c a n  

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

e l e m e n t s ,   s u c h   as  t h o s e   i l l u s t r a t e d   by  R e s e a r c h  

D i s c l o s u r e .   V o l .   184 ,   A u g u s t   1 9 7 9 ,   I t e m   1 8 4 3 1 .  

P r o c e s s i n g   of  t h e   i m a g e w i s e   e x p o s e d  

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

20  c o n v e n i e n t   c o n v e n t i o n a l   m a n n e r .   P r o c e s s i n g   p r o c e d -  

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

a r e   i l l u s t r a t e d   by  R e s e a r c h   D i s c l o s u r e .   I t e m   1 7 6 4 3 ,  

c i t e d   a b o v e ,   S e c t i o n s   XIX,  XX,  and  XXI,  r e s p e c t i v e l y .  

The  e m u l s i o n s   of  t h i s   i n v e n t i o n   can   b e  

25  s u b s t i t u t e d   f o r   c o n v e n t i o n a l   e m u l s i o n s   to   s a t i s f y  

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

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

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

p h o t o g r a p h i c   a d v a n t a g e s   can   be  a t t r i b u t e d   one  or  a  

30  c o m b i n a t i o n   of  ( a )   t h e   i n c r e a s e d   s u r f a c e   a r e a   r a t i o s  

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

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

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

f a c e s   and  a d s o r b e d   c o m p o u n d s .  

35  .  For   e x a m p l e ,   t h e   p r e s e n t   i n v e n t i o n   a l l o w s  

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

c o n s i d e r i n g   a  p h o t o g r a p h i c   a p p l i c a t i o n   in  w h i c h   t h e  
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e m u l s i o n s   a r e   e x p o s e d   i m a g e v i s e   to   l i g h t   in  t h e   m i n u s  
b l u e   p o r t i o n   of   t h e   s p e c t r u m   ( i . e . ,   t h e   g r e e n   a n d / o r  
r e d   p o r t i o n   of   t h e   s p e c t r u m )   and  t h e r e b y   r e q u i r e  
s p e c t r a l   s e n s i t i z a t i o n ,   i t   i s   g e n e r a l l y   a c c e p t e d   i n  

5  t h e   a r t   t h a t   i t   i s   t h e   a m o u n t   of   s p e c t r a l   s e n s i t i z i n g  
dye   w h i c h   c an   be  a d s o r b e d   to   t h e   s u r f a c e s   of   g r a i n s  
of   a  c h o s e n   s i z e   w h i c h   l i m i t s   t h e   maximum  m i n u s   b l u e  
s p e e d   t h a t   c an   be  r e a l i z e d .   N o t e   t h a t   d e c r e a s i n g  
a v e r a g e   g r a i n   s i z e   to   i n c r e a s e   t h e   s u r f a c e   a r e a   r a t i o  

10  of   t h e   g r a i n s   and   t h e r e f o r e   t h e   a m o u n t   of   s e n s i t i z i n g  
dye   p e r   u n i t   v o l u m e   of   s i l v e r   h a l i d e   i s   i n e f f e c t i v e  
to   I n c r e a s e   s p e e d .   I t   i n s t e a d   l o w e r s   p h o t o g r a p h i c  
s p e e d .   The  p r e s e n t   i n v e n t i o n   by  i n c r e a s i n g   t h e  
s u r f a c e   a r e a   r a t i o   of   t h e   g r a i n s   w i t h o u t   r e d u c i n g  

15  a v e r a g e   g r a i n   s i z e   a l l o w s   an  i n c r e a s e   in  p h o t o g r a p h i c  
s p e e d   to   be  r e a l i z e d .  

In  c o n s i d e r i n g   t h e   m i n u s   b l u e   s p e e d   g a i n   t h e  
a n g l e   w h i c h   t h e   l i g h t   s t r i k e s   t h e   s p e c t r a l   s e n s i t i z -  
i ng   dye  a d s o r b e d   to   t h e   g r a i n   c r y s t a l   f a c e s   i s   a n  

20  i m p o r t a n t   c o n s i d e r a t i o n .   P h o t o n   c a p t u r e   i s   m o s t  
e f f i c i e n t   when  t h e   t r a n s i t i o n   moment   d l p o l e   ( s e e  
Z b l n d e n ,   I n f r a r e d   S p e c t r o s c o p v   p_f  H igh   P o l y m e r s   . 
A c a d e m i c   P r e s s ,   New  Y o r k ,   1 9 6 4 ,   p.  2 1 5 )   of   t h e  
s p e c t r a l   s e n s i t i z i n g   dye  a b s o r b e d   to   t h e   c r y s t a l   f a c e  

25  p r e s e n t e d   by  t h e   s i l v e r   h a l i d e   g r a i n s   i s   s u b s t a n t i a l -  
ly   n o r m a l   to   t h e   d i r e c t i o n   of  e x p o s i n g   r a d i a t i o n .  
When  t h e   g r a i n s   a r e   r a n d o m l y   o r i e n t e d   in   t h e  
e m u l s i o n ,   as  i s   t y p i c a l   f o r   e m u l s i o n s   c o n t a i n i n g  
p r e d o m i n a n t l y   n o n t a b u l a r   g r a i n s   ( e . g . ,   r e g u l a r   c u b i c  

30  or   o c t a h e d r a l   g r a i n s )   or   t a b u l a r   g r a i n s   of   low  a s p e c t  
r a t i o s   ( e . g . ,   l e s s   t h a n   5 : 1 ) ,   r u f f l i n g   of   t h e   g r a i n  
f a c e s   d o e s   n o t   c h a n g e   t h e   a v e r a g e   a n g l e   of   i n c i d e n c e  
of   e x p o s i n g   r a d i a t i o n   w i t h   t h e   t r a n s i t i o n   moment   ' 

d i p o l e   of  t h e   a d s o r b e d   s p e c t r a l   s e n s i t i z i n g   d y e .   I n  
35  t h i s   I n s t a n c e   s p e e d   I n c r e a s e s   r e a l i z a b l e   s h o u l d   b e  

a p p r o x i m a t e   in  p r o p o r t i o n   to   t h e   I n c r e a s e   in   t h e  
s u r f a c e   a r e a   r a t i o .  
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In  c o n v e n t i o n a l   t h i n   and  h i g h   a s p e c t   r a t i o  

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

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

d i r e c t i o n   of  u n s c a t t e r e d   e x p o s i n g   r a d i a t i o n .   F o r  

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

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

a b s o r b e d ;   t h e r e f o r e ,   a  n o r m a l   o r i e n t a t i o n   of   t h e  

s i l v e r   h a l i d e   c r y s t a l   f a c e s   w i t h   r e s p e c t   to   t h e  

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

10  t h e   t r a n s i t i o n   moment   d i p o l e   of  t h e   s p e c t r a l  

s e n s i t i z i n g   d y e .   T h u s ,   t h e   g r a i n   f a c e s   a r e   a l r e a d y  

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

l i g h t .   In  t h i s   i n s t a n c e   i n c r e a s i n g   t h e   g r a i n   s u r f a c e  

a r e a   by  r u f f l i n g   i n c r e a s e s   t h e   a m o u n t   of  s p e c t r a l  
15  s e n s i t i z i n g   dye  w h i c h   can   be  a d s o r b e d   to   t h e   g r a i n  

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

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

s u r f a c e   a r e a   i s   d i m i n i s h e d   by  t h e   l e s s   e f f i c i e n t  

o r i e n t a t i o n   of  t h e   t r a n s i t i o n   moment   d i p o l e   of  t h e  
20  a d s o r b e d   s p e c t r a l   s e n s i t i z i n g   d y e .   W h e r e ,   h o w e v e r ,  

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

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

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

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

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

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

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

e l e m e n t   i s   n e a r e r   t h e   s u p p o r t   and  b e n e a t h   o v e r l y i n g  
30  l i g h t   s c a t t e r i n g   l a y e r s .   For   e x a m p l e ,   in   a  m u l t i -  

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

e f f i c i e n t   as   t h e   s l o w e r   g r e e n   a n d / o r   r e d   r e c o r d i n g  

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

s u p p o r t .  
35  

.  I f   d e s i r e d ,   t h e   p h o t o g r a p h i c   s p e e d   of  t h e s e  

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

r e f l e c t i v e   m a t e r i a l s ,   e i t h e r   in  t h e   e m u l s i o n   l a y e r   o r  
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l a y e r s   or   in   u n d e r l y i n g   l a y e r s .   The  r e f l e c t i v e  
m a t e r i a l s   in   t h e   s i l v e r   h a l i d e   e m u l s i o n   l a y e r s   c a n  
i n c l u d e   p i g m e n t s   of   h i g h   r e f r a c t i v e   i n d e x ,   a s  
i l l u s t r a t e d   by  M a r r i a g e   U.K.  P a t e n t   5 0 4 , 2 8 3   and  Y u t z y  

5  e t   a l   U.K.  P a t e n t   7 6 0 , 7 7 5   or   r e f l e c t i n g   u n d e r c o a t  
l a y e r s   c o n t a i n i n g   s i l v e r   h a l i d e ,   as   i l l u s t r a t e d   b y  
R u s s e l l   U . S .   P a t e n t   3 , 1 4 0 , 1 7 9 .  

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

10  s p e c t r a l   s e n s i t i z i n g   d y e s ,   i t   c an   be  a p p r e c i a t e d   t h a t  
s i m i l a r   c o n s i d e r a t i o n s   a p p l y   to   a d s o r b e d   s p e c t r a l  
s e n s l t i z e r s ,   r e g a r d l e s s   of   t h e   r e g i o n   of   t h e   s p e c t r u m  
in  w h i c h   t h e y   a b s o r b .   The  c o m b i n a t i o n   of   e m u l s i o n s  
h a v i n g   r a n d o m l y   o r i e n t e d   r u f f l e d   g r a i n s   of   a  s i l v e r  

IB  h a l i d e   c o m p o s i t i o n   c a p a b l e   of  a b s o r b i n g   b l u e   l i g h t  
( e . g . ,   s i l v e r   b r o m i d e   and  s i l v e r   b r o m o i o d i d e )   and  a  
b l u e   a b s o r b i n g   s p e c t r a l   s e n s i t i z i n g   dye  i s   s p e c i f i c -  
a l l y   r e c o g n i z e d   as  b e i n g   a  p h o t o g r a p h i c a l l y   a d v a n -  
t a g e o u s   f o r m   of   t h e   p r e s e n t   i n v e n t i o n .  

20  In  t h e   f o r e g o i n g   d i s c u s s i o n   o n l y   t h e  
i n c r e a s e   in   t h e   g r a i n   s u r f a c e   a r e a   r a t i o   i s   n e c e s s a r y  
to   a c c o u n t   t h e   p h o t o g r a p h i c   a d v a n t a g e .   H o w e v e r ,  
p h o t o g r a p h i c   a d v a n t a g e s   can   a l s o   be  a t t r i b u t e d   t o  
i m p r o v e d   I n t e r a c t i o n s   of   a d s o r b e d   a d d e n d a   and  t h e  

25  r u f f l e d   s i l v e r   h a l i d e   g r a i n s   s u r f a c e s .   For   e x a m p l e ,  
when  a  g r o w t h   m o d i f i e r   i s   p r e s e n t   a d s o r b e d   to   t h e  
r u f f l e d   f a c e s   of   t h e   g r a i n s   and  h a s   a  known  p h o t o -  
g r a p h i c   u t i l i t y   t h a t   i s   e n h a n c e d   by  a d s o r p t i o n   to   a  
g r a i n   s u r f a c e ,   e i t h e r   b e c a u s e   of   t h e   more   i n t i m a t e  

30  a s s o c i a t i o n   w i t h   t h e   g r a i n   s u r f a c e   or   b e c a u s e   of  t h e  
r e d u c e d   m o b i l i t y   of  t h e   g r o w t h   m o d i f i e r ,   i m p r o v e d  
p h o t o g r a p h i c   p e r f o r m a n c e   can   be  e x p e c t e d .   The  r e a s o n  
f o r   t h i s   i s   t h a t   f o r   t h e   g r o w t h   m o d i f i e r   to   p r o d u c e   a  
p y r a m i d a l   c r y s t a l   f a c e   i t   m u s t   e x h i b i t   an  a d s o r p t i o n  

35  p r e f e r e n c e   f o r   t h a t   c r y s t a l l o g r a p h i c   f o r m   t h a t   i s  
g r e a t e r   t h a n   t h a t   e x h i b i t e d   f o r   any  o t h e r   p o s s i b l e  
s i l v e r   h a l i d e   c r y s t a l l o g r a p h i c   f o r m .  
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T h i s   c an   be  a p p r e c i a t e d ,   f o r   e x a m p l e ,   b y  

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

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

c u b i c   and  h e x o c t a h e d r a l   c r y s t a l   f a c e s .   I f   t h e   g r o w t h  

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

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

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

h e x o c t a h e d r a l   c r y s t a l   f a c e s   i s   r e t a r d e d   to   a  g r e a t e r  

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

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

c r y s t a l   f a c e s   in  f a v o r   of  h e x o c t a h e d r a l   c r y s t a l  

f a c e s .   From  t h e   f o r e g o i n g   i t   i s   a p p a r e n t   t h a t   g r o w t h  

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

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

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

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

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

To  p r o v i d e   an  e x e m p l a r y   p h o t o g r a p h i c  

a p p l i c a t i o n ,   L o c k e r   U . S .   P a t e n t   3 , 9 8 9 , 5 2 7   d e s c r i b e s  

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

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

dye  a d s o r b e d   to   t h e   g r a i n   s u r f a c e s   in   c o m b i n a t i o n  

w i t h   s i l v e r   h a l i d e   g r a i n s   f r e e   of   s p e c t r a l   s e n s i t i z -  

25  i ng   dye  h a v i n g   an  a v e r a g e   d i a m e t e r   c h o s e n   to   m a x i m i z e  

l i g h t   s c a t t e r i n g ,   t y p i c a l l y   in   t h e   0 . 1 5   to   0 . 8   iim 

r a n g e .   Upon  i m a g e w i s e   e x p o s u r e   r a d i a t i o n   s t r i k i n g  

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

a b s o r b e d .   T h i s   r e s u l t s   in   an  i n c r e a s e d   a m o u n t   o f  

30  e x p o s i n g   r a d i a t i o n   s t r i k i n g   t h e   r a d i a t i o n   s e n s i t i v e  

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

a d s o r b e d   to   t h e i r   s u r f a c e s .  

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

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

3  5  m i g r a t e   in  t h e   e m u l s i o n ,   so  t h a t   to   some  e x t e n t   t h e  

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

dye  w h i c h   has   m i g r a t e d   f rom  t h e   i n i t i a l l y   s p e c t r a l l y  
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s e n s i t i z e d   g r a i n s .   To  t h e   e x t e n t   t h a t   t h e   i n i t i a l l y  
s p e c t r a l l y   s e n s i t i z e d   g r a i n s   w e r e   o p t i m a l l y   s e n s i -  
t i z e d   ,  dye   m i g r a t i o n   away  f rom  t h e i r   s u r f a c e s   r e d u c e s  
s e n s i t i z a t i o n .   At  t h e   same  t i m e ,   a d s o r p t i o n   of   d y e  

5  on  t h e   g r a i n s   i n t e n d e d   to   s c a t t e r   i m a g i n g   r a d i a t i o n  
r e d u c e s   t h e i r   s c a t t e r i n g   e f f i c i e n c y .  

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

10  h a l i d e   g r a i n s .   When  r a d i a t i o n   s e n s i t i v 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   r u f f l e d   f a c e s   and   a  g r o w t h  
m o d i f i e r   s p e c t r a l   s e n s i t i z i n g   dye  a d s o r b e d   to   t h e  
r u f f l e d   f a c e s   a r e   s u b s t i t u t e d   f o r   t h e   s p e c t r a l l y  
s e n s i t i z e d   s i l v e r   h a l i d e   g r a i n s   e m p l o y e d   by  L o c k e r ,  

15  t h e   d i s a d v a n t a g e o u s   m i g r a t i o n   of   dye   f r o m   t h e   r u f f l e d  
g r a i n   f a c e s   to   t h e   s i l v e r   h a l i d e   g r a i n s   I n t e n d e d   t o  
s c a t t e r   l i g h t   i s   r e d u c e d   or   e l i m i n a t e d .   T h u s ,   a n  
i m p r o v e m e n t   in   p h o t o g r a p h i c   e f f i c i e n c y   c an   b e  
r e a l i z e d .  

20  To  i l l u s t r a t e   a n o t h e r   a d v a n t a g e o u s   p h o t o -  
g r a p h i c   a p p l i c a t i o n ,   t h e   l a y e r   s t r u c t u r e   of   a  
m u l t i c o l o r   p h o t o g r a p h i c   e l e m e n t   w h i c h   i n t r o d u c e s   d y e  
i m a g e   p r o v i d i n g   m a t e r i a l s ,   s u c h   as  c o u p l e r s ,   d u r i n g  
p r o c e s s i n g   c an   be  s i m p l i f i e d .   An  e m u l s i o n   i n t e n d e d  

25  to   r e c o r d   g r e e n   e x p o s u r e s   c an   be  p r e p a r e d   u s i n g   a  
g r o w t h   m o d i f i e r   t h a t   i s   a  g r e e n   s p e c t r a l   s e n s i t i z i n g  
dye  w h i l e   an  e m u l s i o n   I n t e n d e d   to   r e c o r d   r e d  

e x p o s u r e s   can   be  p r e p a r e d   u s i n g   a  g r o w t h   m o d i f i e r  
t h a t   i s   a  r e d   s p e c t r a l   s e n s i t i z i n g   d y e .   S i n c e   t h e  

30  g r o w t h   m o d i f i e r s   a r e   t i g h t l y   a d s o r b e d   to   t h e   g r a i n s  
and  n o n - w a n d e r i n g ,   i n s t e a d   of   c o a t i n g   t h e   g r e e n   a n d  
r e d   e m u l s i o n s   in  s e p a r a t e   c o l o r   f o r m i n g   l a y e r   u n i t s ,  
as  i s   c o n v e n t i o n a l   p r a c t i c e ,   t h e   two  e m u l s i o n s   can   b e  
b l e n d e d   and   c o a t e d   as  a  s i n g l e   c o l o r   f o r m i n g   l a y e r  

35  u n i t .   The  b l u e   r e c o r d i n g   l a y e r   c a n   t a k e   a n y  
c o n v e n t i o n a l   f o r m ,   and   a  c o n v e n t i o n a l   y e l l o w   f i l t e r  
l a y e r   c an   be  e m p l o y e d   to   p r o t e c t   t h e   b l e n d e d   g r e e n  
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and  r e d   r e c o r d i n g   e m u l s i o n s   f r o m   b l u e   l i g h t   e x p o -  

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

r e c o r d i n g   e m u l s i o n s   in  a  s i n g l e   l a y e r   or   g r o u p   o f  

l a y e r s   d i f f e r i n g   in   s p e e d   in  a  s i n g l e   c o l o r   f o r m i n g  

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

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

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

d e s c r i b e d   a b o v e   can   be  e x t e n d e d   to   b l e n d i n g   in   a  

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

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

be  e l i m i n a t e d .   The  a d v a n t a g e   in   e i t h e r   c a s e   i s   a  

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

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

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

IB  In  more   g e n e r a l   a p p l i c a t i o n s ,   t h e   s u b s t i t u -  

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

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

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

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

20  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   l a c k i n g   r u f f l e d  

f a c e s .   Where   t h e   g r o w t h   m o d i f i e r   i s   c a p a b l e   o f  

i n h i b i t i n g   f o g ,   s u c h   as  2 - m e r c a p t o i m i d a z o l e   or  any  o f  

t h e   t e t r a a z a i n d e n e s   shown  to  be  e f f e c t i v e   g r o w t h  

m o d i f i e r s   in   t h e   e x a m p l e s ,   more   e f f e c t i v e   f o g  

25  i n h i b i t i o n   a t   l o w e r   c o n c e n t r a t i o n s   may  be  e x p e c t e d .  

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

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

min imum  b a c k g r o u n d   d e n s i t y   l e v e l s ,   l a t e n t   i m a g e  

s t a b i l i t y ,   n u c l e a t i o n ,   d e v e l o p a b i l i t y ,   image   t o n e ,  

30  a b s o r p t i o n ,   and  r e f l e c t i v i t y ,   a r e   i n f l u e n c e d   by  g r a i n  

s u r f a c e   i n t e r a c t i o n s   w i t h   o t h e r   c o m p o n e n t s .   By 

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

h a l i d e   s o l v e n t s ,   s e n s i t i z e r s   or  d e s e n s i t i z e r s ,  

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

35  g a n t s ,   s t a b i l i z e r s ,   l a t e n t   image   k e e p i n g   a g e n t s ,  

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

a c c e l e r a t o r s   or  i n h i b i t o r s ,   d e v e l o p m e n t   r e s t r a i n e r s ,  
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d e v e l o p i n g   a g e n t s ,   and   o t h e r   a d d e n d a   t h a t   a r e  
u n i q u e l y   m a t c h e d   to   t h e   r u f f l e d   g r a i n   f a c e s ,   d i s t i n c t  
a d v a n t a g e s   in   p h o t o g r a p h i c   p e r f o r m a n c e   o v e r   t h a t  
w h i c h   c an   be  r e a l i z e d   w i t h   s i l v e r   h a l l d e   g r a i n s   o f  

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

E x a m p l e s  
The  i n v e n t i o n   c an   be  b e t t e r   a p p r e c i a t e d   b y  

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

10  i n d i c a t e d ,   a r e   a q u e o u s   s o l u t i o n s .   D i l u t e   n i t r i c   a c i d  
or   d i l u t e   s o d i u m   h y d r o x i d e   was  e m p l o y e d   f o r   pH 
a d j u s t m e n t ,   as  r e q u i r e d .  
E x a m p l e   1 

E m u l s i o n   E x a m p l e   1  i l l u s t r a t e s   t h e   p r e p a r a -  
15  t i o n   of   a  r u f f l e d   t a b u l a r   g r a i n   s i l v e r   b r o m o i o d i d e  

e m u l s i o n   u s i n g   as   g r o w t h   m o d i f i e r   Compound   I ,  
5 - c a r b e t h o x y - 4 - h y d r o x y - l   ,  3  ,  3a  ,  7 - t e t r a a z a i n d e n e   ,  w h i c h  
i s   known  to   be  u s e f u l   as   an  a n t i f o g g a n t   a n d  
s t a b i l i z e r .  

20  To  a  r e a c t i o n   v e s s e l   s u p p l i e d   w i t h   a  s t i r r e r  
was  a d d e d   0 . 0 5   m o l e   of   a  t h i n   and  h i g h   a s p e c t   r a t i o  
t a b u l a r   g r a i n   s i l v e r   b r o m o i o d i d e   e m u l s i o n   (6  mo le   X 
I)   of   mean  g r a i n   s i z e   5 . 3   urn,  t h i c k n e s s   0 . 0 7   v m ,  
and   c o n t a i n i n g   a b o u t   40  g / A g   mo le   g e l a t i n ,   h e r e i n -  

25  a f t e r   d e s i g n a t e d   H o s t   G r a i n   E m u l s i o n   1.  W a t e r   w a s  
a d d e d   to   make  t h e   t o t a l   w e i g h t   50  g.   To  t h e   e m u l s i o n  
a t   40°C  was  a d d e d   6 . 0   m i l l i m o l e / i n i t i a l   Ag  mo le   o f  
Compound   I  d i s s o l v e d   in   lmL  of  m e t h a n o l ,   lmL  o f  
w a t e r ,   and  3  d r o p s   of   t r i e t h y l a m i n e .   The  e m u l s i o n  

30  was  t h e n   h e l d   f o r   15  m i n .   a t   4 0 ° C .   The  pH  w a s  
a d j u s t e d   to   6 . 0   a t   4 0 ° C .   The  t e m p e r a t u r e   was  r a i s e d  
to  6 0 ° C ,   and  t h e   pAg  a d j u s t e d   to   8 . 5   a t   60°C  w i t h   KBr  
and  m a i n t a i n e d   a t   t h a t   v a l u e   d u r i n g   t h e   p r e c i p i t a -  
t i o n .   A  2.  ON  s o l u t i o n   of  AgNO^  was  I n t r o d u c e d   a t   a  

35  c o n s t a n t   r a t e   o v e r   a  p e r i o d   of  38  min  w h i l e   a  
s o l u t i o n   t h a t   was  1 .88M  in  KBr  and  0 .12M  in  KI  w a s  
a d d e d   as  n e e d e d   to   h o l d   t h e   pAg  c o n s t a n t .   A  t o t a l   o f  
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0 . 0 1 5   mole   Ag  was  a d d e d .  

A  c a r b o n   r e p l i c a   e l e c t r o n   m i c r o g r a p h   of   t h e  

r e s u l t i n g   e m u l s i o n   g r a i n s   i s   shown  in  F i g u r e   18.   T h e  

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

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

E x a m p l e   2 

E m u l s i o n   E x a m p l e   2  i l l u s t r a t e s   t h e   p r e p a r a -  

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

e m u l s i o n   u s i n g   as  a  g r o w t h   m o d i f i e r ,   Compound  I I ,  

10  w h i c h   i s   known  to  be  u s e f u l   as  a  b l u e   s p e c t r a l  

s e n s i t i z i n g   d y e .  

Z \   —   c h h / J S - s  
I  W  A  R - C H , C O , H  

Compound  I I  

E m u l s i o n   E x a m p l e   2  was  p r e p a r e d   as  d e s c r i b e d   f o r  

E x a m p l e   1,  e x c e p t   t h a t   t h e   g r o w t h   m o d i f i e r   was  6 . 0  

20  m i l l i m o l e / A g   mole   of  Compound   I I ,   d i s s o l v e d   in  3mL 

m e t h a n o l ,   2mL  w a t e r ,   and  2  d r o p s   of   t r i e t h y l a m i n e .  

The  p r e c i p i t a t i o n   was  c a r r i e d   o u t   f o r   3 7 . 0   m i n ,  

c o n s u m i n g   0 . 0 1 5   m o l e   A g .  

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

25  e m u l s i o n   i s   shown  in   F i g u r e   19.   U s i n g   t h e   a b o v e  

p r e p a r a t i o n   c o n d i t i o n s ,   b u t   s u b s t i t u t i n g   an  A g B r  

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

g r a i n   h o s t   e m u l s i o n ,   Compound  I I   was  d e t e r m i n e d   to   b e  

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

30  f a c e s   of  t h e   {211}  i c o s i t e t r a h e d r a l   f o r m .   T h e  

r u f f l e s   w e r e   s i m i l a r   to   t h o s e   of  E x a m p l e   1 .  

E x a m p l e   3 

E m u l s i o n   E x a m p l e   3  i l l u s t r a t e s   t h e   p r e p a r a -  

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

3  5  u s i n g   as  a  g r o w t h   m o d i f i e r   Compound  I I I ,   a n h y d r o - 5 -  

c h l o r o - 9 - e t h y l - 5   ' - p h e n y   1 - 3 , 3   ' - d i - O - 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 ,   t r i e t h y l a m i n e   s a l t ,   w h i c h   i s  
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known  to  be  u s e f u l   as  a  g r e e n   s p e c t r a l   s e n s i t i z i n g  
d y e .  

To  a  r e a c t i o n   v e s s e l   s u p p l i e d   w i t h   a  s t i r r e r  
was  a d d e d   0 . 0 5   mo le   of  a  t h i n   and  h i g h   a s p e c t   r a t i o  

5  t a b u l a r   g r a i n   AgBr  e m u l s i o n   h a v i n g   m a j o r   f a c e s   o f  
o c t a h e d r a l   f o r m ,   of   mean  g r a i n   s i z e   5 .6   urn  a n d  
t h i c k n e s s   0 . 1 0   i*m  c o n t a i n i n g   a b o u t   20  g /Ag   m o l e  

g e l a t i n ,   h e r e i n a f t e r   d e s i g n a t e d   H o s t   G r a i n   E m u l s i o n  
2.  W a t e r   was  a d d e d   to  make  t h e   t o t a l   w e i g h t   50  g .  

10  To  t h e   e m u l s i o n   a t   40°C  was  a d d e d   5 . 0  

m i l l l m o l e / i n i t i a l   Ag  m o l e   of   Compound  I I I   d i s s o l v e d  
in  2mL  m e t h a n o l .   The  e m u l s i o n   was  t h e n   h e l d   f o r   1 5  
min  a t   4 0 ° C .   The  pH  was  a d j u s t e d   to  6 . 0   a t   4 0 ° C .  
The  t e m p e r a t u r e   was  l o w e r e d   to  3 0 ° C ,   and  t h e   p A g  

15  a d j u s t e d   to  7 . 6   a t   30°C  w i t h   KBr  and  m a i n t a i n e d   a t  
t h a t   l e v e l   d u r i n g   t h e   p r e c i p i t a t i o n .   A  2.0M  s o l u t i o n  
of   AgNO3  was  i n t r o d u c e d   a t   a  c o n s t a n t   r a t e   o v e r   a  
p e r i o d   of  10  min  w h i l e   a  2.  ON  s o l u t i o n   of   KBr  w a s  
a d d e d   as  n e e d e d   to  h o l d   t h e   pAg  c o n s t a n t .   A  t o t a l   o f  

20  0 . 0 2 0   m o l e   Ag  was  a d d e d .  

An  e l e c t r o n   m i c r o g r a p h   of   t h e   r e s u l t i n g  
e m u l s i o n   g r a i n s   i s   shown  in  F i g u r e   20.   The  r u f f l e s  
w e r e   l a r g e r   t h a n   in  t h e   p r e v i o u s   e x a m p l e s ,   c l o s e l y  
a r r a n g e d ,   and  u n i f o r m l y   d i s t r i b u t e d   o v e r   t h e   f a c e s   o f  

25  t h e   t a b u l a r   g r a i n s .   U s i n g   s i m i l a r   c o n d i t i o n s ,   b u t   o n  
an  AgBr  r e g u l a r   o c t a h e d r a l   h o s t   g r a i n s ,   Compound  I I I  
was  d e t e r m i n e d   to  be  a  {100}  g r o w t h   m o d i f i e r .  
E x a m p l e   4  

The  f o u r   p a r t s   of   E x a m p l e   4  show  t h e   e f f e c t s  
30  of   v a r y i n g   t h e   pAg  and  t e m p e r a t u r e   of  p r e c i p i t a t i o n  

on  t h e   p r o p e r t i e s   of  t h e   r e s u l t i n g   r u f f l e s .   The  h o s t  
was  a  t a b u l a r   g r a i n   AgBr  e m u l s i o n ,   and  t h e   g r o w t h  
m o d i f i e r   Compound   IV,  a n h y d r o - 9 - e   thy   1 - 5 , 5   ' - d i p h e n y   1 -  
3  ,  3  ' - d i   (  3 - s u l f   o b u t y   1  ) o x a c a r b o c y a n i n e   h y d r o x i d e   , 

35  m o n o s o d i u m   s a l t ,   w h i c h   i s   known  to  be  u s e f u l   as  a  
g r e e n   s p e c t r a l   s e n s i t i z i n g   d y e .  

To  a  r e a c t i o n   v e s s e l   s u p p l i e d   w i t h   a  s t i r r e r  
was  a d d e d   0 . 0 5   mo le   of  Hos t   G r a i n   E m u l s i o n   2.  W a t e r  
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was  a d d e d   to   make  t h e   t o t a l   w e i g h t   50  g.  To  t h e  

e m u l s i o n   a t   40°C  was  a d d e d   5 .0   m i l l i m o l e / i n i t i a l   Ag 

mole   of  Compound   IV  d i s s o l v e d   in   9mL  m e t h a n o l .   T h e  

e m u l s i o n   was  t h e n   h e l d   f o r   15  min  a t   4 0 ° C .   The  pH 
5  was  a d j u s t e d   to   6 . 0   a t   40  °C.  U n d e r   t h e   pAg  a n d  

t e m p e r a t u r e   c o n d i t i o n s   shown  in  T a b l e   I I ,   0 . 0 2   m o l e  

of  a  2.0M  AgNO~  s o l u t i o n   was  i n t r o d u c e d   a t   a  
c o n s t a n t   r a t e   o v e r   a  p e r i o d   of  10  m i n u t e s   w h i l e   a  

2.  ON  s o l u t i o n   of  KBr  was  a d d e d   as  n e e d e d   to   h o l d   t h e  

10  pAg  c o n s t a n t .  

TABLE  I I  

E x a m p l e   4  P r e c i p i t a t i o n   C o n d i t i o n s  

F i g u r e  

E x a m p l e   No  pAg  T ( ° C )  

4A  21A  7 .6   6 0  

4B  21B  7 . 6   4 0  

4C  21C  7 .6   3 0  

4D  21D  5 . 2   4 0  

15 

F i g u r e s   21A,  B,  C  and  D  show  e l e c t r o n  

20  m i c r o g r a p h s   of  t h e   r e s u l t i n g   g r a i n s .   E x a m p l e   4A 

p r o d u c e d   g r o w t h s   of   l a r g e   f l a t   t r i a n g l e s .   E x a m p l e   4B 

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

p y r a m i d s   s m a l l e r   t h a n   in   4A.  E x a m p l e   4C  p r o d u c e d  

f a i r l y   u n i f o r m   p y r a m i d s .   E x a m p l e   4D  p r o d u c e d   u n i f o r m  

25  c l o s e l y   a r r a n g e d ,   s m a l l   p y r a m i d s .   E x a m i n a t i o n  

i n d i c a t e d   t h e   g r o w t h s   to   h a v e   {100}  ( c u b i c )  

c r y s t a l   f a c e s .   Compound   IV  was  d e t e r m i n e d   to   be  a  

{100}  g r o w t h   m o d i f i e r   by  d e p o s i t i n g   AgBr  o n t o   a n  

r e g u l a r   o c t a h e d r a l   g r a i n   h o s t   e m u l s i o n   a t   pAg  7 . 6 ,  

30  40°C  in  t h e   p r e s e n c e   of  t h i s   c o m p o u n d ;   AgBr  c u b e s  

r e s u l t e d .  

E x a m p l e   5 

E m u l s i o n   E x a m p l e   5  i l l u s t r a t e s   t h e   p r e p a r a -  

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

35  e m u l s i o n   u s i n g   as  a  g r o w t h   m o d i f i e r   Compound   V ,  

5 - ( 3 - e t h y l - 2 - b e n z o t h i a z o l i n y l i d e n e ) - 3 - e - s u l f o e t h y l -  

r h o d a n i n e ,   w h i c h   i s   known  to  be  u s e f u l   as  a  b l u e  
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s p e c t r a l   s e n s i t i z i n g   d y e .  
To  a  r e a c t i o n   v e s s e l   s u p p l i e d   w i t h   a  s t l r r e r  

was  a d d e d   0 . 0 4   m o l e   of  H o s t   G r a i n   E m u l s i o n   2.  W a t e r  
was  a d d e d   to   make  t h e   t o t a l   w e i g h t   40  g.  To  t h e  

5  e m u l s i o n   a t   40°C  was  a d d e d   4  m i l l i m o l e /   i n i t i a l   Ag 
m o l e   of  Compound   V  d i s s o l v e d   in  7mL  of  N , N - d i m e t h y l -  
f o r m a m i d e ,   3mL  w a t e r ,   and  2  d r o p s   of   t r i e t h y l a m i n e .  
The  e m u l s i o n   was  t h e n   h e l d   f o r   15  min  a t   4 0 ° C .   T h e  
pH  was  a d j u s t e d   to   6 . 0   a t   40  °C.  The  t e m p e r a t u r e   w a s  

10  r a i s e d   to   6 0 ° C ,   and   t h e   pAg  a d j u s t e d   to   8 . 5   a t   6 0 ° C  
w i t h   KBr  and   m a i n t a i n e d   a t   t h a t   v a l u e   d u r i n g   t h e  
p r e c i p i t a t i o n .   A  2.0M  s o l u t i o n   of   AgN03  w a s  
i n t r o d u c e d   a t   a  c o n s t a n t   r a t e   o v e r   a  p e r i o d   of  20  m i n  
w h i l e   a  2M  s o l u t i o n   of   KBr  was  a d d e d   as  n e e d e d   t o  

IB  h o l d   t h e   pAg  c o n s t a n t .   A  t o t a l   of   0 . 0 2   mo le   Ag  w a s  
a d d e d .  

An  e l e c t r o n   m i c r o g r a p h   of   t h e   r e s u l t i n g  
e m u l s i o n   g r a i n s   i s   shown  in  F i g u r e   22.   The  g r a i n  
f a c e s   w e r e   u n i f o r m l y   c o v e r e d   w i t h   c l o s e l y   a r r a n g e d ,  

20  s h a r p ,   s m a l l   p y r a m i d a l   r u f f l e s .   T h i s   was  c o n s i s t e n t  
w i t h   t h e   {211}  i c o s i t e t r a h e d r a l   c r y s t a l   f a c e s  

e x p e c t e d   f r o m   i n v e s t i g a t i o n   of   t h e   same  g r o w t h  
m o d i f i e r   e m p l o y i n g   a  n o n t a b u l a r   h o s t   g r a i n   e m u l s i o n .  
E x a m p l e   6 

25  E x a m p l e   6  I l l u s t r a t e s   t h e   p r e p a r a t i o n   o f  
r u f f l e d   t a b u l a r   g r a i n   s i l v e r   b r o m o i o d i d e   e m u l s i o n s  
u s i n g   Compound   V  ( E x a m p l e   5)  as   t h e   g r o w t h   m o d i f i e r .  
E x a m p l e   6A  i s   a  c o n t r o l   s h o w i n g   t h a t   no  r u f f l e s   a r e  
f o r m e d   I f   t h e   g r o w t h   m o d i f i e r   i s   a d d e d   f o l l o w i n g ,  

30  r a t h e r   t h a n   p r e c e d i n g ,   t h e   s i l v e r   h a l i d e   p r e c i p i t a -  
t i o n   on  t h e   h o s t   e m u l s i o n .   The  h o s t   e m u l s i o n   ( 0 . 0 5  
mole   f o r   e a c h   e x p e r i m e n t )   and  p r e c i p i t a t i o n   c o n d i -  
t i o n s   w e r e   as  d e s c r i b e d   In  E x a m p l e   1,  e x c e p t   t h a t   t h e  
g r o w t h   m o d i f i e r   was  Compound  V  and  t h e   a d d i t i o n   r a t e  

35  of   t h e   AgN03  s o l u t i o n   was  h a l f   t h a t   u s e d   in   E x a m p l e  
1,  ( p r e c i p i t a t i o n   t i m e   a b o u t   74  m i n ,   0 . 0 1 5   mole   Ag 
a d d e d ) .   The  d e t a i l s   of  t h e   t h r e e   e x p e r i m e n t s   a r e  
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shown  in  T a b l e   I I I .  

TABLE  I I I  

E x a m p l e   6  P r e c i p i t a t i o n s  

Cpd.   V 

5  F i g u r e   m m o l e /  

E x a m p l e   No  Ag  mole   C o m m e n t s  

6A  23A  3 . 0   C o n t r o l   -   Cpd.   V  a d d e d  

a f t e r   p r e c i p i t a t i o n  

66  23B  3 . 0   I n v e n t i o n  

10  6C  23C  4 . 5   I n v e n t i o n  

F i g u r e s   23A,  B,  and  C  show  e l e c t r o n  

m i c r o g r a p h s   of  t h e   r e s u l t i n g   g r a i n s .   In  E x a m p l e   6 A ,  

a d d i t i o n   of  t h e   g r o w t h   m o d i f i e r   a f t e r   t h e   p r e c i p i t a -  

t i o n   r e s u l t e d   in  no  g r o w t h   of  r u f f l e s   on  t h e   h o s t  

IB  e m u l s i o n   g r a i n s .   E x a m p l e   6B,  w i t h   t h e   same  a m o u n t   o f  

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

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

E x a m p l e   6C,  w i t h   a  h i g h e r   l e v e l   of  g r o w t h   m o d i f i e r ,  

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

20  d e f i n e d   r u f f l e s   ( p y r a m i d s ) .  

M e a s u r e m e n t   was  made  of  t h e   i n t e r f a c i a l  

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

E x a m p l e   6C  in  o r d e r   to   d e t e r m i n e   t h e   c r y s t a l l o g r a p h i c  

f o r m .   The  a n g l e   b e t w e e n   t h e   f a c e   v e c t o r s   was  f o u n d  

25  to   be  3 5 ° .   The  t h e o r e t i c a l   a n g l e   b e t w e e n   [ 2 1 1 ]  

v e c t o r s   i s   3 3 . 6 ° .   The  f o r m   was  t h e r e f o r e   { 2 1 1 }  

i c o s i t e t r a h e d r a l .   T h i s   i s   c o n s i s t e n t   w i t h   o t h e r  

o b s e r v a t i o n s   of  {211}  i c o s i t e t r a h e d r a   b e i n g  

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

30  e m p l o y i n g   Compound   V  as  a  g r o w t h   m o d i f i e r .  

E x a m p l e   7 

E x a m p l e   7  a g a i n   i l l u s t r a t e s   t h e   p r e p a r a t i o n  

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

u s i n g   Compound  V  ( E x a m p l e   5)  as  t h e   g r o w t h   m o d i f i e r ,  

35  b u t   shows   t h e   d e p e n d e n c e   of  t h e   r e s u l t   on  t h e   l e v e l  

of  g r o w t h   m o d i f i e r   a d d e d .  
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The  h o s t   e m u l s i o n   ( 0 . 0 5   m o l e   f o r   e a c h  

e x p e r i m e n t )   and  t h e   p r e c i p i t a t i o n   c o n d i t i o n s   w e r e   a s  
d e s c r i b e d   in   E x a m p l e   6.  The  d e t a i l s   of   t h e   e x p e r i -  
m e n t s   a r e   shown  in  T a b l e   I V .  

5  TABLE  I V  
E x a m p l e   7  P r e c i p i t a t i o n s  

Cpd.   V 

F i g u r e   m m o l e /  
E x a m p l e   No  Ag  m o l e  

10  7A  24A  0  
7*  2AB  0 . 7 5  
7C  2AC  1 . 5  
7D  2AD  3 . 0  

F i g u r e s   24A,  B.  C,  and  D  a r e   e l e c t r o n  
15  m i c r o g r a p h s   of   t h e   r e s u l t i n g   e m u l s i o n   g r a i n s .  

E x a m p l e   7A,  w i t h o u t   g r o w t h   m o d i f i e r ,   and   7B,  w i t h  
0 . 7 5   m i l l i m o l e / A g   m o l e ,   s h o w e d   no  r u f f l e s .   At  1 . 5  
m i l l i m o l e ,   r e l a t i v e l y   l a r g e   t r u n c a t e d   p y r a m i d s  
a p p e a r e d ,   as  shown  in  F i g u r e   24C.  At  3 . 0   m i l l i m o l e s  

20  E x a m p l e   7D  p r o d u c e d   u n i f o r m ,   c l o s e l y   a r r a n g e d ,   s m a l l  
r u f f l e s .   The  p y r a m i d a l   c r y s t a l   f a c e s   w e r e   c o n s i s t e n t  
w i t h   t h e   {211}  c r y s t a l   f a c e s   e x p e c t e d   f r o m   u s i n g  
Compound   V  as  a  g r o w t h   m o d i f i e r   in   t h e   p r e v i o u s  
e x a m p l e s   . 

25  E x a m p l e   8 

E m u l s i o n   E x a m p l e   8  i l l u s t r a t e s   t h e   p r e p a r a -  
t i o n   of  a  r u f f l e d   t a b u l a r   g r a i n   s i l v e r   b r o m i d e  
e m u l s i o n   u s i n g   as  g r o w t h   m o d i f i e r   Compound   X I I I ,  
a n h y d r o - 3   ,  9 - d i e t h y   1-5   ,  5  •  ,  6  « - t r   i m e t h o x y - 3   • - (   3 -  

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

To  a  r e a c t i o n   v e s s e l   s u p p l i e d   w i t h   a  s t i r r e r  
was  a d d e d   0 . 0 5   m o l e   of   H o s t   G r a i n   E m u l s i o n   2.  W a t e r  
was  a d d e d   to   make  t h e   t o t a l   v o l u m e   50mL.  To  t h e  

35  e m u l s i o n   a t   40°C  was  a d d e d   5  m i l l i m o l e / i n i t i a l   Ag 
m o l e   of   Compound   X I I I   d i s s o l v e d   in   3mL  of   N , N - d i -  
m e t h y l f o r m a m i d e .   The  pH  was  a d j u s t e d   to   6 . 0   a t  
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4O°C.  The  pAg  was  a d j u s t e d   to   7 .6   a t   40°C  a n d  

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

2 . 0   M  s o l u t i o n   of  AgN0»  was  i n t r o d u c e d   a t   a  

c o n s t a n t   r a t e   o v e r   a  p e r i o d   of  10  min  w h i l e   a  2 . 0   M 

5  s o l u t i o n   of  KBr  was  a d d e d   as  n e e d e d   to   h o l d   t h e   p A g  

c o n s t a n t .   A  t o t a l   of  0 . 0 2   mole   Ag  was  a d d e d .  

F i g u r e   25  i s   an  e l e c t r o n   m i c r o g r a p h   of   t h e  

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

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

10  t a b u l a r   g r a i n s .  

E x a m p l e   9 

The  e m u l s i o n s   of  E x a m p l e   9  i l l u s t r a t e   t h e  

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

by  p h y s i c a l   r i p e n i n g   in   t h e   p r e s e n c e   of  a  f i n e   g r a i n  

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

E x a m p l e   9A 

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

was  a d d e d   0 . 0 1 5   m o l e   of  a  f r e s h l y   p r e p a r e d   f i n e   g r a i n  

s i l v e r   b r o m i d e   e m u l s i o n   of  mean  g r a i n   s i z e   0 . 0 2   iim, 

20  c o n t a i n i n g   167  g /Ag   mole   g e l a t i n   and   h a v i n g   a  w e i g h t  

of  65  g.  To  t h e   e m u l s i o n   a t   40°C  was  a d d e d   0 . 1 8  

m i l l i m o l e   (6  m i l l i m o l e / A g   mo le   of  h o s t   e m u l s i o n )   o f  

Compound   V I I ,   4 - h y d r o x y - 6 - m e   t hy   1 - 1 ,   2 , 3 a ,   7 - t e t r a a z a -  

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

25  in  2 .5mL  w a t e r   and  2  d r o p s   of  t r i e t h y l a m i n e .   H o s t  

G r a i n   E m u l s i o n   2  in   t h e   a m o u n t   of   0 . 0 3   m o l e ,   made  u p  

to  25  g,  was  t h e n   a d d e d .   The  pH  was  a d j u s t e d   to   6 . 0  

a t   4 0 ° C ,   and  t h e   pAg  to  9 . 3   a t   4 0 ° C .   The  m i x t u r e   w a s  

t h e n   h e a t e d   a t   60°C  f o r   4  h r .  

30  F i g u r e   26A  i s   an  e l e c t r o n   m i c r o g r a p h   s h o w i n g  

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

r e s u l t e d .   The  r u f f l e s   w e r e   made  up  of  p y r a m i d a l  

c r y s t a l   f a c e s   of  t h e   {110}  ( r h o m b i c   d o d e c a h e d r a l )  

c r y s t a l l o g r a p h i c   f o r m .  

35  E x a m p l e   9B 

E m u l s i o n   E x a m p l e   9B  was  p r e p a r e d   a s  

d e s c r i b e d   f o r   E x a m p l e   9A,  b u t   w i t h   g r o w t h   m o d i f i e r  
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Compound   V I I I ,   4 - h y d r o x y - 6 - m e t h y l - 2 - m e t h y l t h l o -  
l » 3 , 3 a , 7 - t e t r a a z a i n d e n e ,   a  known  a n t i f o g g a n t   a n d  
s t a b i l i z e r ,   d i s s o l v e d   in  2mL  w a t e r   and   2  d r o p s   o f  
t r i e   t h y   l a m i n e .  

5  F i g u r e   26B  i s   an  e l e c t r o n   m i c r o g r a p h   s h o w i n g  
t h e   r e l a t i v e l y   l a r g e   and  c l o s e l y   a r r a n g e d   r u f f l e s  
w h i c h   r e s u l t e d .   The  r u f f l e s   w e r e   made  up  o f  
p y r a m i d a l   c r y s t a l   f a c e s   of   t h e   {211}  i c o s i t e t r a -  
h e d r a l   c r y s t a l l o g r a p h i c   f o r m .  

10  E x a m p l e   9C 

E m u l s i o n   E x a m p l e   9C  was  p r e p a r e d   a a  
d e s c r i b e d   f o r   E x a m p l e   9A,  b u t   w i t h   Compound   V  a s  
g r o w t h   m o d i f i e r ,   d i s s o l v e d   in   6mL  N,  N - d i m e   t hy   1  f o r m -  
a m i d e ,   2mL  w a t e r ,   a n d '   2  d r o p s   t r i e   t hy   l a m i n e .  

15  F i g u r e   26C  i s   an  e l e c t r o n   m i c r o g r a p h   s h o w i n g  
t h e   u n i f o r m   c l o s e l y   a r r a n g e d   r u f f l e s   w h i c h   r e s u l t e d .  
The  p y r a m i d a l   c r y s t a l   f a c e s   w e r e   c o n s i s t e n t   w i t h   t h e  
{211}  c r y s t a l   f a c e s   e x p e c t e d   f r o m   u s i n g   C o m p o u n d  
V  as  a  g r o w t h   m o d i f i e r   In  t h e   p r e v i o u s   e x a m p l e s .  

20  E x a m p l e   9D 

E m u l s i o n   E x a m p l e   9D  was  p r e p a r e d   a s  
d e s c r i b e d   f o r   E x a m p l e   9A,  u s i n g   Compound   I X ,  
5 - i m i n o - 3 - t h i o u r a z o l e ,   as  a  g r o w t h   m o d i f i e r ,  
d i s s o l v e d   in   2mL  N , N - d i m e t h y l f o r m a m i d e .  

25  F i g u r e   26D  i s   an  e l e c t r o n   m i c r o g r a p h   s h o w i n g  
t h e   r e s u l t i n g   u n i f o r m ,   c l o s e l y   a r r a n g e d   r u f f l e s   w h i c h  
r e s u l t e d .   The  r u f f l e s   w e r e   made  up  of   p y r a m i d a l  
c r y s t a l   f a c e s   of   t h e   {110}  ( r h o m b i c   d o d e c a h e d r a l )  
c r y s t a l l o g r a p h i c   f o r m .  

30  E x a m p l e   9 E  

To  a  r e a c t i o n   v e s s e l   s u p p l i e d   w i t h   a  s t i r r e r  
was  a d d e d   0 . 0 6 6 7   m o l e   of   H o s t   G r a i n   E m u l s i o n   2.  T h i s  
was  m i x e d   w i t h   0 . 0 3 3   mo le   of   a  0 . 0 5   urn  s i l v e r  
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   56  g /Ag   m o l e   g e l a t i n   a n d  

35  w h i c h   had  b e e n   p r e c i p i t a t e d   in  t h e   p r e s e n c e   of   1 0  
m l l l i m o l e / A g   m o l e   of   Compound   X,  A - h y d r o x y - 6 - m e t h y l -  
l , 3 , 3 a , 7 - t e t r a a z a l n d e n e ,   s o d i u m   s a l t ,   a  k n o w n  
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a n t i f o g g a n t   and  s t a b i l i z e r .   The  e m u l s i o n   m i x t u r e   w a s  

made  up  to   100  g  w i t h   w a t e r .   The  pH  was  a d j u s t e d   t o  

6 . 2   a t   40  °C,  and  t h e   pAg  to   9 . 3   a t   40  °C.  The  m i x t u r e  

was  t h e n   h e a t e d   a t   60°C  f o r   4  h r .  

5  F i g u r e   26E  i s   an  e l e c t r o n   m i c r o g r a p h   s h o w i n g  

t h e   r a t h e r   l a r g e   r u f f l e s   w h i c h   r e s u l t e d .   The  r u f f l e s  

w e r e   made  up  of  p y r a m i d a l   c r y s t a l   f a c e s   of  t h e  

{331}  t r i s o c t a h e d r a l   c r y s t a l l o g r a p h i c   f o r m .  

E x a m p l e   1 0  

10  E m u l s i o n   E x a m p l e   10  i l l u s t r a t e s   t h e  

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

e m u l s i o n   u s i n g   Compound  I  as  a  g r o w t h   m o d i f i e r .  

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

was  a d d e d   0 . 0 5   m o l e   of  an  o c t a h e d r a l   r e g u l a r   g r a i n  

IB  s i l v e r   b r o m i d e   e m u l s i o n   of  mean  g r a i n   s i z e   1 . 3 5   ym 

c o n t a i n i n g   40  g /Ag   mole   g e l a t i n .   W a t e r   was  a d d e d   t o  

make  t h e   t o t a l   w e i g h t   50  g.  To  t h e   e m u l s i o n   a t   4 0 ° C  

was  a d d e d   6 . 0   m i l l i m o l e /   i n i t i a l   Ag  mo le   of  Compound  I  

d i s s o l v e d   in   2mL  of  1 :1   w a t e r - m e t h a n o l .   The  e m u l s i o n  

20  was  t h e n   h e l d   f o r   15  min  a t   4 0 ° C .   The  pH  w a s  

a d j u s t e d   to   6 . 0   a t   4 0 ° C .   The  t e m p e r a t u r e   was  r a i s e d  

to   60°C  and  t h e   pAg  a d j u s t e d   to   8 . 5   a t   60°C  w i t h   K B r  

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

t i o n .   A  2.5M  s o l u t i o n   of  AgN03  was  i n t r o d u c e d   a t   a  

25  c o n s t a n t   r a t e   o v e r   a  p e r i o d   of  40  min  w h i l e   a  2 . 5 M  

s o l u t i o n   of  KBr  was  a d d e d   as  n e e d e d   to   h o l d   t h e   p A g  

c o n s t a n t .   A  t o t a l   of  0 . 0 2   mo le   Ag  was  a d d e d .  

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

of  t h e   r e s u l t i n g   e m u l s i o n   i s   shown  in  F i g u r e   2 7 .  

30  E x a m p l e   11  

E m u l s i o n   E x a m p l e   11  i l l u s t r a t e s   t h e  

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

e m u l s i o n   u s i n g   Compound  VI I   as  a  g r o w t h   m o d i f i e r .  

New  f a c e s   f o r m e d   i n d i c a t e   t h a t   in   a d d i t i o n   to   f o r m i n g  

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

d o d e c a h e d r a l   f o rm  h a s   c o m m e n c e d .  
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To  a  r e a c t i o n   v e s s e l   s u p p l i e d   w i t h   a  s t i r r e r  
was  a d d e d   0 . 0 5   m o l e   of   an  o c t a h e d r a l   r e g u l a r   g r a i n  
s i l v e r   b r o m i d e   e m u l s i o n   of  mean  g r a i n   s i z e   0 . 8   inn 
and  c o n t a i n i n g   a b o u t   10  g /Ag   mo le   g e l a t i n .   W a t e r   w a s  

5  a d d e d   to   make  t h e   t o t a l   w e i g h t   50  g.  To  t h e   e m u l s i o n  
a t   40°C  was  a d d e d   6 . 0   m l l l i m o l e / i n i t i a l   Ag  mo le   o f  
Compound   VII   d i s s o l v e d   in   3mL  me  t  ha  no  1  and  3  d r o p s  
t r i e t h y l a m i n e .   The  e m u l s i o n   was  t h e n   h e l d   f o r   15  m i n  
a t   4 0 ° c .   The  t e m p e r a t u r e   was  r a i s e d   to   50°C  and  t h e  

10  PH  a d j u s t e d   to   6 . 0   a t   50°C .   The  pAg  was  a d j u s t e d   t o  
8 . 8   a t   50°C  w i t h   KBr  and  m a i n t a i n e d   a t   t h a t   v a l u e  
d u r i n g   t h e   p r e c i p i t a t i o n .   A  2.0M  s o l u t i o n   of   A g N O ,  
was  i n t r o d u c e d   a t   a  c o n s t a n t   r a t e   o v e r   a  p e r i o d   of  7 0  
min  w h i l e   a  2.0M  s o l u t i o n   of   KBr  was  a d d e d   as  n e e d e d  

15  to   h o l d   t h e   pAg  c o n s t a n t .   A  t o t a l   of   0 . 0 1 4   mole   Ag 
was  a d d e d .  

An  e l e c t r o n   m i c r o g r a p h   of  t h e   r e s u l t i n g  
e m u l s i o n   g r a i n s   i s   shown  in  F i g u r e   28.   The  o c t a h e -  
d r a l   f a c e s   of   t h e   h o s t   g r a i n s   a p p e a r e d   to   b e  

20  u n i f o r m l y   r u f f l e d .   In  a d d i t i o n ,   new  f a c e s   h a v e   b e g u n  
to   f o rm  a l o n g   t h e   e d g e s   b e t w e e n   t h e   o c t a h e d r a l   f a c e s ,  
I n d i c a t i n g   t h a t   t h e   c r y s t a l s   a r e   g r o w i n g   i n t o  
{110}  r h o m b i c   d o d e c a h e d r a .  

E x a m p l e   1 2  

25  E m u l s i o n   E x a m p l e   12  i l l u s t r a t e s   t h e  
p r e p a r a t i o n   of  a  r u f f l e d   o c t a h e d r a l   s i l v e r   b r o m i d e  
e m u l s i o n   u s i n g   Compound   X  as  g r o w t h   m o d i f i e r .   As  t h e  
p r e c i p i t a t i o n   c o n t i n u e d ,   t h e   f o r m a t i o n   of  t r i s o c t a h e -  
d r a   b e c a m e   e v i d e n t .  

30  The  h o s t   e m u l s i o n   and  p r o c e d u r e   was  t h e   s a m e  
as  in  E x a m p l e   10.   The  g r o w t h   m o d i f i e r   was  6 . 0  
m i l l l m o l e / A g   mo le   of   Compound   X  d i s s o l v e d   in  3mL  o f  
w a t e r .   Fo r   E x a m p l e   12A  t h e   p r e c i p i t a t i o n   t i m e   was  15  
m i n ,   u s i n g   0 . 0 0 7 5   mo le   Ag.  For   E x a m p l e   12B  t h e  

35  p r e c i p i t a t i o n   t i m e   was  30  min ,   u s i n g   0 . 0 1 5   mole   A g .  
F i g u r e s   29A  and  29B  a r e   e l e c t r o n   m i c r o g r a p h s  

s h o w i n g   t h e   r e s u l t i n g   e m u l s i o n   g r a i n s   of   E x a m p l e s   1 2 A  
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and  12B,  r e s p e c t i v e l y .   In  E x a m p l e   12A  u n i f o r m  

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

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

t h e   o r i g i n a l   f a c e s .   In  E x a m p l e   12B  t h e   p r o c e s s   o f  

5  f o r m i n g   {331}  t r i s o c t a h e d r a   i s   a l m o s t   c o m p l e t e .  

E x a m p l e   1 3  

E m u l s i o n   E x a m p l e   13  i l l u s t r a t e s   t h e  

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

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

10  t h e   f o r m   of  u n i f o r m   r i d g e s .  

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

as  in   E x a m p l e   10.   The  g r o w t h   m o d i f i e r   was  2 . 0  

m i l l   i m o l e /   i n i t i a l   Ag  mo le   of   Compound   XI,   a  k n o w n  

g r e e n   s p e c t r a l   s e n s i t i z i n g   d y e ,   d i s s o l v e d   in   3mL 

15  m e t h a n o l ,   2mL  w a t e r   and  3  d r o p s   of  t r i e t h y l a m i n e .  

The  p r e c i p i t a t i o n   s o l u t i o n s   w e r e   2.0M  r a t h e r   t h a n  

2.5M  AgNO3  and  K B r .  

0  
II 

H ^ - C - O H  
***>""*?  V̂  Wtt  r*lJ—  m̂*  I  ^  JJ2  I  > - c H - c H « . r  
H2-   ^ /   V - L  

20  H2 
H 2 - N ,  

I +  
( C H 2 ) 3 S O 3   N a '  

Compound   X I  

25  For   E x a m p l e   13A  t h e   p r e c i p i t a t i o n   t i m e   w a s  

200  m i n ,   u s i n g   0 . 0 4   mo le   Ag.  For   E x a m p l e   13B  t h e  

t i m e   was  350  m i n ,   u s i n g   0 . 0 7   mole   A g .  

F i g u r e s   30A  and  30B  a r e   e l e c t r o n   m i c r o g r a p h s  

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

30  13A  and  13B,  r e s p e c t i v e l y .   The  f a c e s   a r e   u n i f o r m l y  

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

d i c u l a r   to   t h e   ( 1 1 0 )   Ag  rows   of  t h e   l a t t i c e .  

T r i s o c t a h e d r a l   f a c e s   h a v e   b e g u n   to   f o r m .   In  E x a m p l e  

13B  t h e   r i d g e s   r e m a i n   e v i d e n t ,   w h i l e   t h e   m a c r o   h a b i t  

35  h a s   b e c o m e   {331}  t r i s o c t a h e d r a l .  

E x a m p l e   1 4  

E x a m p l e   14  i l l u s t r a t e s   t h e   p r e p a r a t i o n   o f  

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



0 2 1 5 6 1 2  

- 5 7 -  

X I I ,   2 - m e r c a p t o i m i d a z o l e   as  a  g r o w t h   m o d i f i e r .  
C o n t i n u e d   g r o w t h   r e s u l t s   in  i c o s i t e t r a h e d r a l   g r a i n s .  

To  a  r e a c t i o n   v e s s e l   s u p p l i e d   w i t h   a  s t i r r e r  
was  a d d e d   0 . 0 5   m o l e   of   a  c u b i c   r e g u l a r   g r a i n   s i l v e r  

5  b r o m i d e   e m u l s i o n   of   mean  g r a i n   s i z e   0 . 8 u m ,  
c o n t a i n i n g   a b o u t   10  g /Ag   m o l e   g e l a t i n .   W a t e r   w a s  
a d d e d   to   make  t h e   t o t a l   w e i g h t   50  g.  To  t h e   e m u l s i o n  
a t   40°C  was  a d d e d   3 . 0   m i l l i m o l e / A g   m o l e   of   C o m p o u n d  
XII   d i s s o l v e d   in   3mL  m e t h a n o l .   The  e m u l s i o n   was  t h e n  

10  h e l d   f o r   15  min  a t   4 0 e C .   The  pH  was  a d j u s t e d   to   6 . 0  
a t   A0°C.   The  t e m p e r a t u r e   was  r a i s e d   to   6 0 ° C ,   and  t h e  
pAg  a d j u s t e d   to   8 . 5   a t   60°C  w i t h   KBr  and  m a i n t a i n e d  
a t   t h a t   v a l u e   d u r i n g   t h e   p r e c i p i t a t i o n .   A  2 . 5 M  
s o l u t i o n   of   AgNO3  was  a d d e d   a t   a  c o n s t a n t   r a t e   o v e r  

15  a  p e r i o d   of   25  min  w h i l e   a  2.5M  s o l u t i o n   of  KBr  w a s  
a d d e d   as  n e e d e d   to   h o l d   t h e   pAg  c o n s t a n t .   A  t o t a l   o f  
0 . 0 1 2 5   mo le   Ag  was  a d d e d   to   f o r m   E x a m p l e   14A.  F o r  
E x a m p l e   14B  t h e   p r e c i p i t a t i o n   was  c o n t i n u e d   f o r   a  
t o t a l   of  175  min ,   u s i n g   a  t o t a l   of   0 . 0 8 7 5   mole   A g .  

20  An  a d d i t i o n a l   3  m i l l i m o l e / i n i t i a l   Ag  mo le   of  C o m p o u n d  
XII   was  a d d e d   a f t e r   100  min  of   p r e c i p i t a t i o n   t i m e .  

F i g u r e s   31A  and  31B  a r e   e l e c t r o n   m i c r o g r a p h s  
of  t h e   r e s u l t i n g   e m u l s i o n   g r a i n s   p r o d u c e d   by  E x a m p l e s  
14A  and  14B,  r e s p e c t i v e l y .   F i g u r e   31A  s h o w s   a  

25  p a t t e r n   of  g r o w t h s   c o v e r i n g   t h e   c r y s t a l   f a c e s .  
F i g u r e   31B  i l l u s t r a t e s   t h e   f o r m a t i o n   of   { 5 3 3 }  
i c o s i t e t r a h e d r a l   g r a i n s   w i t h   c o n t i n u e d   p r e c i p i t a t i o n .  
E x a m p l e   1 5  

E x a m p l e   15  i l l u s t r a t e s   t h e   p r e p a r a t i o n   of  a  
30  r u f f l e d   c u b i c   s i l v e r   b r o m i d e   e m u l s i o n   u s i n g   C o m p o u n d  

V I I I   u n d e r   a m m o n i a c a l   p r e c i p i t a t i o n   c o n d i t i o n s .  
To  a  r e a c t i o n   v e s s e l   s u p p l i e d   w i t h   a  s t i r r e r  

was  a d d e d   0 . 0 5   m o l e   of   a  c u b i c   r e g u l a r   g r a i n   s i l v e r  
b r o m i d e   e m u l s i o n   of   mean  g r a i n   s i z e   0 . 8   urn,  

35  c o n t a i n i n g   a b o u t   10  g /Ag   mo le   g e l a t i n .   An  a d d i t i o n a l  
10  g /Ag   mo le   of  d e i o n i z e d   b o n e   g e l a t i n   was  a d d e d ,   a n d  
t h e   w h o l e   made  up  to   a b o u t   51  g  w i t h   w a t e r .   To  t h e  
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e m u l s i o n   a t   AO°C  was  a d d e d   6 . 0   m i l l i m o l e /   i n i t i a l   Ag 

mole   of  Compound  V I I I   d i s s o l v e d   in   3mL  of  w a t e r   and  3 

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

f o r   15  min  a t   4 0 ° C .   J u s t   b e f o r e   t h e   s t a r t   o f  

5  p r e c i p i t a t i o n ,   1 . 0   mL  of  a  3.  AM  s o l u t i o n   o f  

( N H . ) 2 S O ^ ,   1 . 7 5   mL  of  c o n e .   NH^OH  and  0 . 5   mL 

of  a  0 .50M  s o l u t i o n   of   KBr  w e r e   a d d e d .   The  pAg  w a s  

f o u n d   to   be  9 . 1   a t   4 0 ° C ,   and  was  m a i n t a i n e d   a t   t h a t  

v a l u e   d u r i n g   t h e   p r e c i p i t a t i o n .   A  2.5M  s o l u t i o n   o f  

10  AgNO3  was  i n t r o d u c e d   a t   a  c o n s t a n t   r a t e   o v e r   a  

p e r i o d   of   100  min  w h i l e   a  2.5M  s o l u t i o n   of  KBr  w a s  

a d d e d   as  n e e d e d   to   h o l d   t h e   pAg  c o n s t a n t .   A  t o t a l   o f  

0 . 0 5   mole   Ag  was  a d d e d .  

F i g u r e   32  i s   an  e l e c t r o n   m i c r o g r a p h   of  t h e  

15  r e s u l t i n g   e m u l s i o n   g r a i n s .   The  c u b e s   a r e   s o m e w h a t  

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

r u f f l e s .  

E x a m p l e   1 6  

T h i s   e x a m p l e   i l l u s t r a t e s   an  i n c r e a s e   i n  

20  p h o t o g r a p h i c   s p e e d   w h i c h   can   be  r e a l i z e d   w i t h   r u f f l e d  

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 .  

E x a m p l e   E m u l s i o n   1 6 A  

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

was  c h a r g e d   w i t h   0 . 0 5   mo le   of  an  o c t a h e d r a l   s i l v e r  

25  b r o m o i o d i d e   e m u l s i o n   c o n t a i n i n g   6  m o l e   %  s i l v e r  

i o d i d e ,   of  mean  g r a i n   s i z e   0 .3   p   and   c o n t a i n i n g  

a b o u t   20  g /Ag   mole   g e l a t i n .   W a t e r   was  a d d e d   to   m a k e  

t h e   t o t a l   w e i g h t   50  g.  The  e m u l s i o n   was  h e a t e d   t o  

4 0 ° C .   A  s o l u t i o n   was  p r e p a r e d   0 . 6 2 5   m i l l i m o l e   o f  

30  g r o w t h   m o d i f i e r   Compound  V,  a  b l u e   s p e c t r a l   s e n s i t i z -  

ing   d y e ,   in  a  s o l v e n t   c o n s i s t i n g   of   12  mL  w a t e r   a n d  

10  d r o p s   of  t r i e t h y l a m i n e   made  up  to   50  mL  w i t h  

N , N - d i m e t h y l f o r m a m i d e .   A  15  mL  p o r t i o n   of  t h i s  

s o l u t i o n   c o n t a i n i n g   3 . 7 5   m i l l i m o l e / i n i t i a l   Ag  mole   o f  

35  Compound   V  was  a d d e d   to  t h e   e m u l s i o n ,   w h i c h   was  t h e n  

h e l d   f o r   15  m i n u t e s   a t   4 0 ° C .   The  pH  was  a d j u s t e d   t o  

6 . 0   a t   4 0 ° C .   The  t e m p e r a t u r e   was  r a i s e d   to  60°C ,   a n d  
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t h e   pAg  a d j u s t e d   to   8 . 5   a t   60°C  w i t h   KBr  a n d  
m a i n t a i n e d   a t   t h a t   v a l u e   d u r i n g   t h e   p r e c i p i t a t i o n .   A 
2 . 0   M  s o l u t i o n   of   AgNO3  was  i n t r o d u c e d   a t   a  
c o n s t a n t   s t a t e   o v e r   a  p e r i o d   of   67  m i n u t e s ,   w h i l e   a  

5  s o l u t i o n   w h i c h   was  1 . 8 8   M  in  KBr  and   0 . 1 2   M  in   KI  w a s  
a d d e d   as  n e e d e d   to   k e e p   t h e   pAg  c o n s t a n t .   A  t o t a l   o f  
0 . 0 1 3   mo le   Ag  was  a d d e d .   The  r e s u l t i n g   e m u l s i o n   w a s  
t h e n   c e n t r i f u g e d   and   r e s u s p e n d e d   in   40  mL  of   a  3% 
d e l o n i z e d   b o n e   g e l a t i n   s o l u t i o n .  

10  F i g u r e   33A  i s   an  e l e c t r o n   m i c r o g r a p h   of   t h e  
r e s u l t i n g   r u f f l e d   g r a i n   o c t a h e d r a l   e m u l s i o n .  

C o n t r o l   E m u l s i o n   1 6 B  

C o n t r o l   E m u l s i o n   16B  was  p r e p a r e d   a s  
d e s c r i b e d   f o r   E x a m p l e   E m u l s i o n   16A,  b u t   w i t h o u t   t h e  

15  g r o w t h   m o d i f i e r   ( C o m p o u n d   V)  b e i n g   p r e s e n t   d u r i n g   t h e  
p r e c i p i t a t i o n .   F o l l o w i n g   p r e c i p i t a t i o n   1 . 2 5  
m i l l i m o l e   of  Compound   V  was  a d d e d ,   a  t y p i c a l   a m o u n t  
of   s e n s i t i z i n g   dye  f o r   an  e m u l s i o n   of   t h i s   g r a i n   s i z e .  

F i g u r e   33B  i s   an  e l e c t r o n   m i c r o g r a p h   s h o w i n g  
20  t h e   r e s u l t i n g   r e g u l a r   o c t a h e d r a l   g r a i n s .   No  r u f f l i n g  

of   t h e   g r a i n   s u r f a c e s   i s   i d e n t i f i a b l e .  
C o n t r o l   E m u l s i o n   16C  

A  p o r t i o n   of   C o n t r o l   E m u l s i o n   16B  w a s  
m o d i f i e d   a f t e r   p r e c i p i t a t i o n   and  b e f o r e   c o a t i n g   b y  

25  i n c r e a s i n g   t h e   t o t a l   c o n t e n t   of   Compound   V  to   3 . 7 5  
m l l l i m o l e / A g   m o l e ,   w h i c h   e q u a l e d   i t s   c o n c e n t r a t i o n   i n  
E x a m p l e   E m u l s i o n   1 6 A .  

E a c h   of   t h e   e m u l s i o n s   was  c o a t e d   on  a  
c e l l u l o s e   a c e t a t e   s u p p o r t   a t   1 . 1 8   g /m2   s i l v e r   a n d  

30  4 . 2 0   g/m  g e l a t i n .   S a m p l e s   of   t h e   c o a t i n g s   w e r e  
e x p o s e d   f o r   1 /2   s e c o n d   t h r o u g h   a  g r a d u a t e d   t a b l e t   t o  
a  365  nm  f i l t e r e d   m e r c u r y   l i g h t   s o u r c e   to   p r o v i d e   a  
m e a s u r e   of  i n t r i n s i c   s p e e d ,   and  to   a  W r a t t e n   4 7  
f i l t e r e d   t u n g s t e n   l i g h t   s o u r c e   to   p r o v i d e   b l u e  

35  s p e e d .   E a s t m a n   IB  Sens   1  tome  t e r s   w e r e   u s e d .   T h e  
e x p o s e d   s a m p l e s   w e r e   d e v e l o p e d   f o r   6  m i n u t e s   a t   2 0 ° C  
in  Kodak  R a p i d   X - r a y   D e v e l o p e r .   The  d i f f e r e n c e  
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b e t w e e n   b l u e   s p e e d   and  365  nm  s p e e d   was  t a k e n   as  t h e  

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

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

in  in   T a b l e   V .  

5  TABLE  V 

E x a m p l e   16  Sens   i  tome  t r i e   R e s u l t s  

B l u e   S p e e d   —  365  nm  S p e e d  

A  R e l a t i v e  

E m u l s i o n   S p e e d   C o m m e n t s  

10  16B  0  C o n t r o l ,   1 . 2 5   mmole  Cpd.   V/Ag  m o l e  

16C  +25  C o n t r o l ,   3 . 7 5   mmole  Cpd.  V/Ag  m o l e  

16A  +58  E x a m p l e ,   3 . 7 5   mmole  Cpd.   V/Ag  m o l e  

The  d a t a   show  t h a t   E x a m p l e   E m u l s i o n   16A  had   a  

s i g n i f i c a n t l y   g r e a t e r   b l u e   s p e e d   r e l a t i v e   to   i t s   3 6 5  

IB  nm  s p e e d   t h a n   d i d   t h e   c o n t r o l   u n r u f f l e d   C o n t r o l  

E m u l s i o n s   16B  and  16C  w i t h   a  n o r m a l   s p e c t r a l  

s e n s i t i z a t i o n   or  w i t h   an  e q u a l   a m o u n t   of  s e n s i t i z i n g  

dye  e q u a l   to   t h a t   of   t h e   r u f f l e d   g r a i n   E x a m p l e  

E m u l s i o n   16A,  r e s p e c t i v e l y .  

20  C o m p a r a t i v e   E x a m p l e   1 7  

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

to   r e p o r t   t h e   r e s u l t   of   a d d i n g   6 - n i t r o b e n z i m i d a z o l e  

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

s i l v e r   b r o m i d e ,   as  s u g g e s t e d   by  W u l f f   e t   a l   U . S .  

25  P a t e n t   1 , 6 9 6 , 8 3 0 .  

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

was  c h a r g e d   w i t h   0 . 7 5   g  of  d e i o n i z e d   b o n e   g e l a t i n  

made  up  to   50  g  w i t h   w a t e r .   6 - N i t r o b e n z i m i d a z o l e ,  

1 6 . 2   mg  ( 0 . 3   w e i g h t   X  b a s e d   on  t h e   Ag  u s e d ) ,  
30  d i s s o l v e d   in  lmL  of   m e t h a n o l ,   was  a d d e d ,   f o l l o w e d   b y  

0 . 0 5 5   mole   of   KBr.  At  70°C  0 . 0 5   m o l e   of   a  2M 

s o l u t i o n   of  AgN03  was  a d d e d   a t   a  u n i f o r m   r a t e   o v e r  

a  p e r i o d   of   25  m i n .   The  g r a i n s   f o r m e d   w e r e   r e l a t i v e -  

ly  t h i c k   t a b l e t s   s h o w i n g   {111}  c r y s t a l   f a c e s .  

3  5  T h e r e   was  no  i n d i c a t i o n   of  r u f f l e d   c r y s t a l   f a c e s   o f  

t h e   i n v e n t i o n .  
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C o m p a r a t l v e   E x a m p l e   1 8  

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

5  g r a i n   p r e c i p i t a t i o n ,   as  s u g g e s t e d   by  S m i t h   P a r t i c l e  
G r o w t h   and   S u s p e n s i o n ,   c i t e d   a b o v e .  

To  100  mL  of   a  3%  b o n e   g e l a t i n   s o l u t i o n   w e r e  
a d d e d   s i m u l t a n e o u s l y   10  mL  of   1 . 9 6   M  AgNO,  and   lOmL 
of  1 . 9 6   M  KBr  a t   50«»C  w i t h   s t i r r i n g   o v e r   a  p e r i o d   o f  

10  a b o u t   20  s e c .   The  AgBr  d i s p e r s i o n   was  a g e d   f o r   1  m i n  
a t   50«C,   t h e n   d i l u t e d   to   500  mL.  The  d i s p e r s i o n   w a s  
a d j u s t e d   to   pBr  3  w i t h   K B r .  
S a m p l e s   1 8 a ,   i f t h  

To  80mL  of   i x i o " " 3   M  KBr  c o n t a i n i n g   0 . 4  
15  m m o l e / i   of   4 - h y d r o x y - 6 - m e t h y   1 - 1 ,   3 . 3 a ,   7 - t e t r a a z a -  

i n d e n e ,   s o d i u m   s a l t   and   0 . 6   m m o l e / i   of   1 - d o d e c y l -  
q u i n o l i n i u m   b r o m i d e   was  a d d e d   20  mL  of   t h e   a b o v e  
d i s p e r s i o n ,   w h i c h   was  t h e n   s t i r r e d   a t   2 3 ° C .   S a m p l e s  
w e r e   r e m o v e d   a f t e r   15  min  ( S a m p l e   1 8 a )   and   60  m i n  

20  ( S a m p l e   1 8 b ) .  
S a m p l e s   18c f   i « h  

S a m p l e s   18c  and  18d  w e r e   p r e p a r e d   s i m i l a r l y  
as  S a m p l e s   18a  and   18b ,   r e s p e c t i v e l y ,   e x c e p t   t h a t   0 . 8  
m m o l e / i   of   A - h y d r o x y - 6 - m e t h y   1 - 1 ,   3 , 3 a ,   7 - t e t r a a z a -  

25  i n d e n e   and   0 . 6   m m o l e / i   of   1 - d o d e c y l q u i n o l i n i u m  
b r o m i d e   w e r e   u s e d .  

E x a m i n a t i o n   of   t h e   g r a i n s   of   e a c h   of  t h e  
s a m p l e s   r e v e a l e d   r o u n d e d   c u b i c   g r a i n s .   No  r u f f l e d  
c r y s t a l   f a c e s   w e r e   o b s e r v e d .  

3 0  

35  
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WHAT  IS  CLAIMED  I S :  

1.  A  r a d i a t i o n   s e n s i t i v e   e m u l s i o n  

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

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

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

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

of  a  f i r s t   c r y s t a l   l o g r a p h i c   f o r m ,  

s i l v e r   h a l i d e   a d j a c e n t   s a i d   b a s e   p l a n e ,   b e n e a t h  

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

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

f o r m ,   a n d  

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

c r y s t a l   l o g r a p h i c   f o r m .  

2.  A  r a d i a t i o n   s e n s i t i v e   e m u l s i o n  

15  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   r u f f l e s   p r e s e n t   a  

t o t a l   s u r f a c e   a r e a   a t   l e a s t   50  p e r c e n t   g r e a t e r   t h a n  

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

l o c a t e d .  

3.  A  r a d i a t i o n   s e n s i t i v e   e m u l s i o n  

20  a c c o r d i n g   to  c l a i m   1  or   2  in  w h i c h   s a i d   b a s e   p l a n e   i s  

of  a  c u b i c   c r y s t a l l o g r a p h i c   f o r m .  

4.  A  r a d i a t i o n   s e n s i t i v 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  or   2  in   w h i c h   s a i d   b a s e   p l a n e   i s  

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

25  5.  A  r a d i a t i o n   s e n s i t i v e   e m u l s i o n  

a c c o r d i n g   to   any  one  of   c l a i m s   1  to  4  in   w h i c h   s i l v e r  

h a l i d e   a d j a c e n t   s a i d   b a s e   p l a n e ,   b e n e a t h   s a i d   b a s e  

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

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

30  a  m i n o r   p r o p o r t i o n   of  i o d i d e .  

6.  A  r a d i a t i o n   s e n s i t i v e   e m u l s i o n  

a c c o r d i n g   to  any  one  of  c l a i m s   1  to  5  in  w h i c h  

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

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

35  t h a n   0 . 2   p   h a v e   an  a v e r a g e   a s p e c t   r a t i o   of   g r e a t e r  

t h a n   5 :1   and  a c c o u n t   f o r   a t   l e a s t   50  p e r c e n t   of   t h e  

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

h a v i n g   a t   l e a s t   one  r u f f l e d   m a j o r   c r y s t a l   f a c e .  
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7.  A  r a d i a t i o n   s e n s i t i v e   e m u l s i o n  
a c c o r d i n g   to  any  one  of  c l a i m s   1  to  5  in  w h i c h  
t a b u l a r   s i l v e r   h a l i d e   g r a i n s   h a v i n g   a t   l e a s t   o n e  
r u f f l e d   m a j o r   c r y s t a l   f a c e ,   a  t h i c k n e s s   of   l e s s   t h a n  

5  0 . 5   p ,   and  a  d i a m e t e r   of   a t   l e a s t   0 . 6   p   h a v e   a n  
a v e r a g e   a s p e c t   r a t i o   of   g r e a t e r   t h a n   8 :1   and  a c c o u n t  
f o r   a t   l e a s t   50  p e r c e n t   of   t h e   t o t a l   p r o j e c t e d   a r e a  
of   a l l   s i l v e r   h a l i d e   g r a i n s   h a v i n g   a t   l e a s t   o n e  
r u f f l e d   m a j o r   c r y s t a l   f a c e .  

10  8.  A  r a d i a t i o n   s e n s i t i v e   e m u l s i o n  
a c c o r d i n g   to  any  one  of   c l a i m s   1  to  7  in   w h i c h   s a i d  
p r o t r u s i o n s   i n c l u d e   t h o s e   w h i c h   a r e   in   t h e   f o rm  o f  
r i d g e s   or  p y r a m i d s .  

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

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

10.  A  r a d i a t i o n   s e n s i t i v e   e m u l s i o n  
a c c o r d i n g   to  c l a i m   9  in  w h i c h   s a i d   g r o w t h   m o d i f i e r   i s  

20  c h o s e n   f rom  5 - c a r b e t h o x y - 4 - h y d r o x y - l , 3 , 3 a , 7 -  
t e t r a a z a i n d e n e   ;  3 - c a r b o x y m e t h y l - 5 - ( 2 - p y r r o l i n o - l -  

c y c l o p e n t e n - l - y l m e t h y l e n e ) r h o d a n i n e ;   a n h y d r o - 5 -  
c h l o r o - 9 - e t h y l - 5   ' - p h e n 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 ,   t r l e t h y l a m i n e   s a l t ;  

25  a n h y d r o - 9 - e t h y   1-5  ,  5  ' - d i p h e n y   1-3  ,  3  « - d i - ( 3 - s u l f   o b u t y   1  ) -  
o x a c a r b o c y a n i n e   h y d r o x i d e ,   m o n o s o d i u m   s a l t ;   5 - ( 3 -  
e t h y l - 2 - b e n z o t h i a z o l i n y l i d e n e ) - 3 - B - s u l f o e t h y l -  
r h o d a n i n e ;   4 - h y d r o x y - 6 - m e t h y   1 - 1 ,   2 , 3 a ,   7 - t e t r a a z a i n -  
d e n e   ;  4 - h y d r o x y - 6 - m e t h y l - 2 - m e t h y l   t h i o - 1   ,  3  ,  3a ,   7 - t e t r a -  

30  a z a i n d e n e ;   5 - i m i n o - 3 - t h i o u r a z o l e ;   4 - h y d r o x y - 6 -  
m e t h y   1-1  ,  3  ,  3a  ,  7 - t e t r a a z a i n d e n e   ;  3 - c a r b o x y m e t h y   1 - 5 -  
{ [ 3 - ( 3 - s u l f o p r o p y l ) - 2 - t h i a z o l i d i n y l i d e n e ] e t h y l i -  
d e n e j r h o d a n i n e ,   s o d i u m   s a l t ;   2 - m e r c a p t o i m i d a z o l e ;  
or   a n h y d r o - 3 , 9 - d i e t h y l - 5 , 5 «   , 6 ' - t r i m e t h o x y - 3 ' - ( 3 -  

35  s u l f o p r o p 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 .  
11.  A  r a d i a t i o n   s e n s i t i v e   e m u l s i o n  

a c c o r d i n g   to  any  one  of   c l a i m s   8  to  10  in  w h i c h  
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s a i d   p y r a m i d a l   p r o t r u s i o n s   e x h i b i t   a  s u r f a c e   a r e a  

w h i c h   i s   a t   l e a s t   100  p e r c e n t   g r e a t e r   t h a n   t h e i r   b a s e  

a r e a .  

12.  A  r a d i a t i o n   s e n s i t i v e   e m u l s i o n  

5  a c c o r d i n g   to  any  one  of   c l a i m s   8  to   11  in   w h i c h   a t  

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

c r y s t a l   f a c e s   of  t h e   {hhf t} ,   {hkO},   { h f t f t } ,  

or  {hkft}  c r y s t a l   l o g r a p h i c   f o r m ,   w h e r e   h,  k,  a n d  

ft  a r e   i n d e p e n d e n t l y   in   e a c h   o c c u r r e n c e   u n l i k e  

10  i n t e g e r s   g r e a t e r   t h a n   z e r o ,   h  i s   5  or  l e s s   a n d  

g r e a t e r   t h a n   ft  and  k,  when  p r e s e n t ,   i s   l e s s   t h a n   h  

and  g r e a t e r   t h a n   f t .  

13.  A  r a d i a t i o n   s e n s i t i v e   e m u l s i o n  

a c c o r d i n g   to  c l a i m   12  in   w h i c h   a t   l e a s t   a  p o r t i o n   o f  

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

i c o s i t e t r a h e d r a l   f o r m .  

14.  A  r a d i a t i o n   s e n s i t i v e   e m u l s i o n  

a c c o r d i n g   to   c l a i m   13  in   w h i c h   a  g r o w t h   m o d i f i e r   i s  

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

20  f a c e s   c h o s e n   f rom  3 - c a r b o x y - m e t h y l - 5 - ( 2 - p y r r o l i n o - l -  

c y c l o p e n t e n - 1 - y l m e t h y l e n e ) -   r h o d a n i n e ;   5 - ( 3 - e t h y l - 2 -  

b e n z o t h i a z o l i n y l i d e n e ) - 3 - B - s u l f o e t h y l r h o d a n i n e ;  

4 - h y d r o x y - 6 - m e t h y   1 - 2 - m e   thy   1 - t h   i o - 1   ,  3  ,  3a  ,  7 -  

t e t r a a z a i n d e n e ;   or  2 - m e r c a p t o i m i d a z o l e .  

25  15.  A  r a d i a t i o n   s e n s i t i v e   e m u l s i o n   a c c o r d i n g  

to  c l a i m   12  in  w h i c h   a t   l e a s t   a  p o r t i o n   of   s a i d  

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

t r i s o c t a h e d r a l   f o r m .  

16.  A  r a d i a t i o n   s e n s i t i v e   e m u l s i o n  

30  a c c o r d i n g   to  c l a i m   15  in  w h i c h   a  4 - h y d r o x y - 6 - m e t h y l -  

1 , 3 ,   3a ,   7—  t e t r a a z a i n d e n e   g r o w t h   m o d i f i e r   i s   a d s o r b e d  

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

3 5  
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17.  A  r a d i a t i o n   s e n s i t i v e   e m u l s i o n  
a c c o r d i n g   to  c l a i m   12  in  w h i c h   a t   l e a s t   a  p o r t i o n   o f  
s a i d   p r o t r u s i o n s   h a v e   p y r a m i d a l   c r y s t a l   f a c e s   of   t h e  
r h o m b i c   d o d e c a h e d r a l   f o r m .  

5  18.  A  r a d i a t i o n   s e n s i t i v e   e m u l s i o n  
a c c o r d i n g   to  c l a i m   17  in  w h i c h   a  g r o w t h   m o d i f i e r   I s  
a d s o r b e d   to  s a i d   r h o m b i c   d o d e c a h e d r a l   p y r a m i d a l  
c r y s t a l   f a c e s   and  i s   4 - h y d r o x y - 6 - m e t h y l - l , 2 , 3 a , 7 -  
t e t r a a z a i n d e n e   or   5 - i m i n o - 3 - t h i o u r a z o l e .  

10  19.  A  r a d i a t i o n   s e n s i t i v e   e m u l s i o n  
a c c o r d i n g   to  c l a i m   12  in  w h i c h   a t   l e a s t   a  p o r t i o n   o f  
s a i d   p r o t r u s i o n s   h a v e   p y r a m i d a l   c r y s t a l   f a c e s   of   t h e  
c u b i c   f o r m .  

20.   A  r a d i a t i o n   s e n s i t i v e   e m u l s i o n  
15  a c c o r d i n g   to  c l a i m   19  in  w h i c h   a  g r o w t h   m o d i f i e r   I s  

a d s o r b e d   to  s a i d   c u b i c   p y r a m i d a l   c r y s t a l   f a c e s   and  i s  
a n h y d r o - 5 - c h l o r o - 9 - e t h y   1-5  ' - p h e n 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 ,   t r i e t h y l a m l n e   s a l t  
or  a n h y d r o - 9 - e t h y l - 5   ,  5  ' - d i p h e n y l - 3   ,  3  ' - d i - ( 3 - s u l f   o -  

20  b u t 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 ,   m o n o s o d i u m   s a l t .  
21.   A  p h o t o g r a p h i c   e l e m e n t   c o n t a i n i n g   a n  

e m u l s i o n   a c c o r d i n g   to  any  one  of   c l a i m s   1  to  2 0 .  

2 5  

3 0  

3 5  
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