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SILVER  HALIDE  PHOTOGRAPHIC  EMULSIONS 

WITH  NOVEL  GRAIN  FACES  ( 2 )  

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 B 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   has  been   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   were   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   emuls ion**  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   has   l ong   been   known  t h a t  
t he   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  fo rm  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 .  

Over   t he   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  mole   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  have   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  mole   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 ,   can   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   15  

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   be low  10  m o l e  

p e r c e n t   b e i n g   most   c o m m o n .  

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   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 ,   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  

35  s t r u c t u r e s .   H o w e v e r ,   g r a i n s   of  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   can   d i f f e r   m a r k e d l y   in  a p p e a r a n c e .  
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In  one   f o r m   s i l v e r   h a l i d e   g r a i n s   w h e n  

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

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  

5  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 n g   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  

10  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  

15  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   can   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  

20  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   { 1 0 0 }  

c r y s t a l   f a c e s   Is   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  

a r r a n g e m e n t   o f   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  ads   or  p -  

25  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  

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 

30  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  

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 .   When 

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  

35  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 ,  
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  
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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   bu t   f a c e   t i e r   of  i o n s .  

5  In  a n o t h e r   fo rm  s i l v e r   h a l i d e   g r a i n s   w h e n  

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

a n c e .   An  o c t a h e d r a l   g r a i n   5  i s   shown  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   by  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   a r e   r e f e r r e d   t o  

10  as  ( 1 1 1 )   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   i n  

r e g u l a r   g r a i n s ,   in   i r r e g u l a r   g r a i n s   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   n o t   a l w a y s   t r i a n g u l a r .   In  g r a i n s  

of   more  c o m p l e x   s h a p e s   t he   p r e s e n c e   of  o c t a h e d r a l  

15  c r y s t a l   f a c e s   can   be  v e r i f i e d   by  a  c o m b i n a t i o n   o f  

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 on   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  

20  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   A  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  

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  

25  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  

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   has   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  

30  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  

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 .  

35  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  4  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  

c u b i c   and  o c t a h e d r a l   g r a i n s   have   e x a c t l y   the   s a m e  
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c u M 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 he   c u b i c   c r y s t a l   f a c e  

5  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 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 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   each   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 .  

Much  l e s s   common  t h a n   e i t h e r   c u b i c   o r  

20  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   a r e   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 h o m b i c   d o d e c a h e d r a l  

g r a i n   7  is   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   Is   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  a s  

15  {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   to  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 ,   in  i r r e g u l a r  

g r a i n 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   v a r y   i n  

2o  s h a p 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  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  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  

of  t h e   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  

c r y s t a l   f a c e s .  

2^  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  

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  4 ,  

w h e r e i n   It  can   be  s e e n   t h a t   t he   s u r f a c e   t i e r   of  i o n s  

30  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 a i d e  

Ion   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 ,  

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  

35  i o n s .   Note   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 .  
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A l t h o u g h   p h o t o g r a p h i c   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 R   c u b i c   c r y s t a l   l a t t i c e   a t r u c t u r e  

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

g r a i n s ,   a u c h   as  t h e   g r a i n   shown  in  F i g u r e   1,  r e g u l a r  

5  o c t a h e d r a l   g r a i n s ,   a u c h   as  t h e   g r a i n   shown  in  F i g u r e  

3,  o r ,   in  r a r e   i n s t a n c e s ,   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 l n B ,   s u c h   as   t h e   g r a i n   shown  in  F i g u r e   5,  i n  

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

o b s e r v e d .   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   can  b e  

10  cube—  o c t a h e d r a l   —   t h a t   i s ,   f o r m e d   of   a  c o m b i n a t i o n   o f  

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 .   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,  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   shown  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.  The  c u b o - o c t a h e d r a l   g r a i n s  

15  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 .   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 ,  

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

20  as   t a b u l a r   g r a i n s   and   r o d s ,   can   be  a t t r i b u t e d   t o  

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

and  s c r e w   d i s l o c a t i o n s .   In  m o s t   i n s t a n c e s   s o m e  

c o r n e r   or  e d g e   r o u n d i n g   due  to   s o l v e n t   a c t i o n   i s  

o b s e r v e d ,   and   in   some  i n s t a n c e s   r o u n d i n g   is   s o  

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

I t   i s   known  t h a t   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   c an   t a k e   any  one  of  s e v e n   p o s s i b l e  

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

30  h a v i n g   {100}  ( c u b i c ) ,   {111}  ( o c t a h e d r a l ) ,   o r ,  

r a r e l y ,   {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  

f a c e s ,   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 ,   have   b e e n  

i d e n t i f i e d .  

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

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

s u r f a c e   s e n s i t i z e r s   and   a d s o r b e d   a d d e n d a   t h a t   a r e  

w o r k a b l e   w i t h   a v a i l a b l e   c r y s t a l   f a c e s ,   in   m o s t  

i n s t a n c e s   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 .   T h i s  

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

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

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

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

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 v s t a l -  

10  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  

u p o n   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 .  

J a m e s ,   The   T h e o r y   o f   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  

15  t h r o u g h   1 0 0 ,   i s   c o r r o b o r a t i v e   of   t h e   b a c k g r o u n d   o f  

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

p a g e   98  in  r e f e r e n c e   to   s i l v e r   h a l i d e   g r a i n s   s t a t e s  

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

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   o f  

20  AgBr  D o d e c a h e d r a "   ,  P h o t o g r a p h i 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  1 7 2 ,  

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

{110}  c r y s t a l   f a c 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   of   AgBr  a n d  

25  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 " ,   P h o t o -  

g r a p h i s c h e   K o r r e s p o n d e n z .   V o l .   99,   No.  7,  pp .   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   and  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   { 1 0 0 }  

( c u b i c )   and   {111}   ( o c t a h e d r a l )   c r y s t a l   f a c e s .  

30  K l e i n   e t   a l   i s   of   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  

c an   a s s u m e   w h i l e   s t i l l   e x h i b i t i n g   o n l y   {111}  o r  

{100}  c r y s t a l   f a c e 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  

3  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  
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l o w e r   t e m p e r   t he   v a l u e   of  t h e s e   o b s e r v a t i o n s .   Much  

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  

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  

5  C r y s t a l s " ,   K o l l o i d - Z e l t s c h r l 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  

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

10  6 7 7 - 6 9 9   ( 1 9 1 1 ) ;   H l 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 " ,   g_.  P h o t o R .   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 .  

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  

15  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 .  

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

20  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  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   c r y s t a l   f a c e s  

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

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

2£  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  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   c o m p r i s e d   of  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 .  

The  I n v e n t i o n   p r e s e n t s   to   t h e   a r t   f o r   t h e  

f i r s t   t i m e   t h e   o p p o r t u n i t y   to   r e a l i z e   t he   u n i q u e  

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

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

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

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

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

F i g u r e   1  Is   an  i s o m e t r i c   v i e w   of  a  r e g u l a r  

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  Is  a  s c h e m a t i c   d i a g r a m   of  t h e  

5  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  

s u r 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  

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  

10  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   s u r f a c e ;  

F i g u r e   5  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  

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  

15  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   s u r 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  

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  

20  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   6  and  9  a r e   f r o n t   and  r e a r   i s o m e t r i c  

v i e w s   of   a  r e g u l a r   {210}  t e t r a h e x a h e d r o n ;  

F i g u r e s   10  and  11  a r e   s c h e m a t i c   d i a g r a m s   o f  

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

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

{210}  and  { 4 1 0 } ,   r e s p e c t i v e l y ;   a n d  

F i g u r e s   12  t h r o u g h   17  a r e   e l e c t r o n   m i c r o -  

g r a p h s   of  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 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  

30  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   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   c o m p r i s e d   of  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   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 .  

35  In   one   f o r m   t h e   s i l v e r   h a l i d e   g r a i n s   c a n  

t a k e   t h e   f o r m   of   r e g u l a r   t e t r a h e x a h e d r a .   A  r e g u l a r  

t e t r a h e x a h e d r o n   11  i s   shown  in  F i g u r e s   8  and  9,  w h i c h  
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a r e   f r o n t   and  b a c k   v i e w s   of  t he   same  r e g u l a r  

t e t r a h e x a h e d r o n .   A  t e t r a h e x a h e d r o n   has   t w e n t y - f o u r  

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

e n t i r e l y   a r b i t r a r y ,   t he   t e t r a h e x a h e d r o n   can   b e  

5  v i s u a l i z e d   as  s i x   s e p a r a t e   c l u s t e r s   of  c r y s t a l   f a c e s ,  

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

F i g u r e   8  f a c e s   12a ,   12b,   12c ,   and  12d  can   b e  

v i s u a l i z e d   as  m e m b e r s   of  a  f i r s t   c l u s t e r   of  f a c e s .   A 

s e c o n d   c l u s t e r   of  f a c e s   is   r e p r e s e n t e d   by  f a c e s   1 3 a ,  

10  13b ,   and  1 3 c .   The  f o u r t h   f a c e   of  t h e   c l u s t e r ,   1 3 d ,  

i s   shown  In  F i g u r e   9.  F a c e s   14a  and  14b ,   shown  i n  

F i g u r e   8,  and  f a c e s   14c  and  14d,   shown  in  F i g u r e   9 ,  

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

f a c e s .   S i m i l a r l y ,   f a c e s   15a  and  15b,   shown  in  F i g u r e  

15  6,  and  f a c e s   15c  and  15d,   shown  in  F i g u r e   9 ,  

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

f a c e s .   F a c e s   1 6 a ,   16b ,   and  16c ,   shown  in  F i g u r e   8 ,  

and  f a c e   16d ,   shown   in  F i g u r e   9,  c o m p l e t e   a  f i f t h  

c l u s t e r   of   f a c e s .   F a c e s   17a ,   17b,   1 7 c ,   and  17d  i n  

20  F i g u r e   9  c o m p l e t e   t h e   s i x t h   c l u s t e r   of  f a c e s .  

L o o k i n g   a t   t h e   t e t r a h e x a h e d r o n   i t   can   b e  

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

f a c e s   w i t h i n   e a c h   c l u s t e r ,   and  t h e r e   i s   one  f a c e  

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

25  c l u s t e r s   a d j a c e n t   to   i t   f o r   a  t o t a l   of  t h i r t y - s i x  

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

by  I n t e r s e c t i n g   f a c e s   have   o n l y   two  d i f f e r e n t  

v a l u e s .   A l l   i n t e r s e c t i o n s   of  a  f a c e   f r o m   one  c l u s t e r  

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

30  f o r m i n g   a  f i r s t   r e l a t i v e   a n g l e .   L o o k i n g   a t   F i g u r e   8 ,  

t h e   r e l a t i v e   a n g l e   of  a d j a c e n t   f a c e s   12a  and  14a ,   1 2 b  

and  13b ,   12c  and  1 5 a ,   and  12d  and  16d  a r e   a l l   a t   t h e  

i d e n t i c a l   f i r s t   r e l a t i v e   a n g l e .   A l l   a d j a c e n t   f a c e s  

w i t h i n   e a c h   c l u s t e r   i n t e r s e c t   a t   t h e   same  r e l a t i v e  

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

I n t e r s e c t i o n   of   f a c e s   in  d i f f e r e n t   c l u s t e r s .   L o o k i n g  

a t   one  c l u s t e r   In  w h i c h   a l l   f a c e s   a r e   f u l l y   v i s i b l e ,  
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t h e   i n t e r s e c t i o n s   b e t w e e n   f a c e s   12a  and   1 2 b ,   12b  a n d  

1 2 c ,   12c   and   12d ,   and  12d  and  12a  e r e   a l l   a t   t h e   s a m e  

r e l a t i v e   a n g l e ,   r e f e r r e d   to   as  a  s e c o n d   r e l a t i v e  

a n g l e .   W h i l e   t h e   r e g u l a r   t e t r a h e x a h e d r o n   h a s   a  

5  d i s t i n c t i v e   a p p e a r a n c e   t h a t   can   be  r e c o g n i z e d   b y  

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

m e a s u r e m e n t   of   any  one  of   t h e   two  r e l a t i v e   a n g l e s  

p r o v i d e s   a  c o r r o b o r a t i o n   of   a d j a c e n t   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 .  

IQ  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   o f   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  

p o s i t i v e   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 .   S u c h   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 an   be  c o m b i n e d   w i t h  

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

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  

20  a r t ,   as   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   o f  

M i c r o s c o p y   and   M i c r o t e c h n i q u e .   P.  G r a y ,   e d . ,   V a n  

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  

25  m i c r o s c o p y   on  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   known  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   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  

30  k n o w n   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 .   An  e l e c t r o n   s c a n n i n g  

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

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

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

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

f a c e   r a t h e r   t h a n   on  a  c o i g n   ( i . e . ,   a  p o i n t ) .   By 
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t i l t l n g   t h e   s a m p l e   b e i n g   v i e w e d   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   be  o r i e n t e d   s o  

t h a t   t h e   l i n e   of  e 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   t o  

b o t h   t h e   l i n e   of  i n t e r s e c t i o n   of  two  a d j a c e n t   c r y s t a l  

5  f a c e s ,   s e e n   as  a  p o i n t ,   and   e a c h   of   t h e   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 ,   Been  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   i m a g i n g   e l e c t r o n   beam,   t h e  

two  c o r r e s p o n d i n g   e d g e s   of  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 he   f a c e s   a r e  

10  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 he   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  

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

15  In  t h i s   way  a d j a c e n t   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   be  i d e n t i f i e d .   R e l a t i v e   a n g l e s   of  t e t r a h e x a -  

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

i n d i c e s   can   a l s o   be  d e t e r m i n e d   in   t h e   same  w a y .  

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

20  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   f a c e s .   W h i l e   r e l a t i v e  

a n g l e   m e a s u r e m e n t s   can   be  d e f i n i t i v e ,   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   g r a i n s   b y  

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

of  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 .  

25  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  

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 he   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 -  

30  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 he   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  

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  

35  {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  

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  
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c u b l 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 .  

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   i n c l u d e   a  

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

5  M i l l e r   i n d e x   v a l u e s .   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  

a r e   g e n e r i c a l l y   d e s i g n a t e d   as   {hkO}  c r y s t a l  

f a c e s ,   w h e r e i n   h  and   k  a r e   d i f f e r e n t   i n t e g e r s   e a c h  

g r e a t e r   t h a n   0,  w h i c h   i s   z e r o   and  n o t   to  be  c o n f u s e d  

w i t h   t h e   l e t t e r   O.  The  r e g u l a r   t e t r a h e x a h e d r o n   11  

10  shown  in  F i g u r e s   8  and  9  c o n s i s t s   of  { 2 1 0 }  

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

t h a t   h,  k,  and   0  c a n   e a c h   r e p r e s e n t ,   A  r e g u l a r  

t e t r a h e x a h e d r o n   h a v i n g   { 3 1 0 } ,   { 3 2 0 } ,  

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

15  { 5 3 0 } ,   or   {540}   c r y s t a l   f a c e s   w o u l d   a p p e a r  

s i m i l a r   to   t h e   t e t r a h e x a h e d r o n   11,   b u t   t h e   h i g h e r  

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

of   i n t e r s e c t i o n .   A l t h o u g h   t h e r e   i s   no  t h e o r e t i c a l  

l i m i t   on  t h e   max imum  v a l u e d   of   t h e   i n t e g e r s   h  and   k ,  

20  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   h a v i n g   a  v a l u e   of   h  o r  

k  of  5  or   l e s s   a r e   more   e a s i l y   g e n e r a t e d .   For   t h i s  

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

i d e n t i f i e d   a b o v e   a r e   p r e f e r r e d .   W i t h   p r a c t i c e   o n e  

25  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   can   o f t e n   be  d i s t i n -  

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

i n d e x   v a l u e .   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   p e r m i t s  

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

v a l u 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   p r e s e n t .  

3q  i n   one   f o r m   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 o n t a i n   s i l v e r   h a l i d e   g r a i n s   w h i c h   a r e   b o u n d e d  

e n t i r e l y   by  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 ,   t h e r e b y  

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

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

35  u s u a l l y   p r e s e n t ,   t h e   u n r o u n d e d   r e s i d u a l   f l a t  

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

s i n c e   a  s h a r p   i n t e r s e c t i n g   e d g e   i s   u n n e c e s s a r y   t o  
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e s t a b l i s h i n g   t he   r e l a t i v e   a n g l e   of  a d j a c e n t   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 .   S i g h t i n g   to  o r i e n t   t h e  

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

c r y s t a l   f a c e   p o r t i o n s .  

5  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  

p r e s e n t   in   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   n o t  

c o n f i n e d   to   t h o s e   in   w h i c h   t h 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   a r e   t h e   o n l y   f l a t   c r y s t a l   f a c e s  

p r e s e n t ,   . l u s t   as  cube—  o c t a h e d r a l   s i l v e r   h a l i d e  

10  g r a i n s ,   s u c h   as  9  and  10,  e x h i b i t   b o t h   c u b i c   a n d  

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

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

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

15  f o r m e d   by  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   in  c o m b i n a -  

t i o n   w i t h   any  one  or  c o m b i n a t i o n   of  t he   o t h e r   t y p e s  

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

20  a n d / o r   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  

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

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

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

g r a i n s   b e f o r e   t he   o r i g i n a l   c r y s t a l   f a c e s   have   b e e n  

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

f a v o r i n g   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   f o r m a t i o n  

r e s u l t s   in  b o t h   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   a n d  

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

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

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

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 .   Unde r   c l o s e  

e x a m i n a t i o n   i t   has   b e e n   o b s e r v e d   t h a t   the   r u f f l e s   a r e  

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

P r o t r u s i o n s   in  t h e   fo rm  of  r i d g e s   have   been   o b s e r v e d ,  

b u t   p r o t r u s i o n s ,   when  p r e s e n t ,   a r e   more  t y p i c a l l y   i n  
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t h e   f o rm  of   p y r a m i d s .   P y r a m i d s   p r e s e n t i n g   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   on  h o s t   g r a i n s   i n i t i a l l y  

p r e s e n t i n g   {100}  c r y s t a l   f a c e s   h a v e   f o u r   s u r f a c e  

f a c e s .   T h e s e   c o r r e s p o n d   to  t h e   f o u r   f a c e s   of   any  o n e  

5  of   t h e   12,   13,   14 ,   15,   16,   or  17  s e r i e s   c l u s t e r s  

d e s c r i b e d   a b o v e   in   c o n n e c t i o n   w i t h   t h e   t e t r a h e x a h e -  

d r o n   11.   When  t h e   h o s t   g r a i n s   i n i t i a l l y   p r e s e n t  

{111}  c r y s t a l   f a c e s ,   p y r a m i d s   b o u n d e d   by  s i x  

s u r f a c e   f a c e s   a r e   f o r m e d .   T u r n i n g   to  F i g u r e   8,  t h e  

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

f a c e s   1 2 a ,   12b ,   1 3 a ,   1 3 b ,   14a ,   and  14b.   T h e  

p r o t r u s i o n s ,   w h e t h e r   in   t h e   fo rm  of  r i d g e s   o r  

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

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

15  c o v e r   t h e   o r i g i n a l   h o s t   g r a i n   s u r f a c e .   I f   s i l v e r  

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

s u r f a c e   I s   b o u n d e d   by  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 ,  

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

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

20  as  t h e y   p r e s e n t   l a r g e r   and  l a r g e 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 .   I t   i s   p o s s i b l e   to   grow  a  r e g u l a r  

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

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

Even   when  t h e   g r a i n s   a r e   n o t   r u f f l e d   a n d  

25  b o u n d e d   e n t i r e l y   by  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 ,  

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

r e g u l a r   t e t r a h e x a h e d r o n s .   T h i s   can   r e s u l t ,   f o r  

e x a m p l e ,   f r o m   I r r e g u l a r i t i e s ,   a u c h   as  t w i n   p l a n e s ,  

p r e s e n t   in  t h e   h o s t   g r a i n s   p r i o r   to   g r o w t h   of   t h e  

30  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   or  i n t r o d u c e d   d u r i n g  

g r o w t h   of  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 .  

The  i m p o r t a n t   f e a t u r e   to  n o t e   i s   t h a t   i f   a n y  

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

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

t h a t   d i f f e r s   f r o m   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  
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B 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   10,  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   i s   s h o w n  

5  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   10  w i t h   F i g u r e s   2,  4,  and  6,  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   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   Is  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  

10  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   t h e   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  

15  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  

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

20  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   i s  

I l l u s t r a t e d   by  c o m p a r i n g   F i g u r e   10,  w h i c h   i s   a  

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

f a c e ,   and  F i g u r e   11,   w h i c h   1b  a  c o r r e s p o n d i n g   d i a g r a m  

of  a  {410}  c r y s t a l   f a c e .  

25  W h i l e   F i g u r e s   2,  4,  6,  10,  and  11  e l l  

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

a p p r e c i a t e d   t h a t   t h e   same  o b s e r v a t i o n s   as  t o  

d i f f e r e n c e s   in  t h e   c r y s t a l   f a c e s   o b t a i n   when  e a c h  

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

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

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

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

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

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

35  The  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   g r a i n s   c o n t a i n i n g   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   c o n t a i n   m i n o r   a m o u n t s   of  i o d i d e   i o n s ,  
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s i m l l a r l y   as   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 s .  

I o d i d e   i o n s   h a v e   an  e f f e c t i v e   d i a m e t e r   s u b s t a n t i a l l y  

l a r g e r   t h a n   t h a t   of   b r o m i d e   i o n s .   As  i s   w e l l   k n o w n  

in  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 y ,   t h i s   h a s   a  s o m e w h a t  

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

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

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

I o d i d e   i o n s   a r e   l i m i t e d   in   c o n c e n t r a t i o n .   P r e f e r a b l y  

i o d i d e   i o n   c o n c e n t r a t i o n s   b e l o w   15  m o l e   p e r c e n t   a n d  

10  o p t i m a l l y   b e l o w   10  mo le   p e r c e n t ,   b a s e d   on  s i l v e r ,   a r e  

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   i n v e n t i o n .   I o d i d e  

i o n   c o n c e n t r a t i o n s   of  up  to   40  m o l e   p e r c e n t ,   b a s e d   o n  

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

S i n c e   i o d i d e   i o n s   as  t h e   s o l e   h a l i d e   i o n s   in   s i l v e r  

15  h a l i d e   do  n o t   f o rm  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 ,  

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

I t   i s   a p p r e c i a t e d   t h a t   t h e   l a r g e r   t h e  

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

20  a r e a   a c c o u n t e d   f o r   by  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  

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

b e c o m e .   In  m o s t   I n s t a n c e s   t h 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   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   s u r f a c e   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 .  

25  W h e r e   t h e   g r a i n s   a r e   r e g u l a r ,   t h 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   can   a c c o u n t   f o r   a l l   of   t h e   f l a t   c r y s t a l  

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

b e i n g   a t t r i b u t a b l e   to   e d g e   r o u n d i n g .   In  o t h e r   w o r d 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   t e t r a h e x a h e d r a l   c r y s t a l  

30  f a c e s   a c c o u n t i n g   f o r   a t   l e a s t   90  p e r c e n t   of   t h e   t o t a l  

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

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

p h o t o g r a p h i c   e f f e c t s   may  be  r e a l i z e d   e v e n   when  t h 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   a r e   l i m i t e d   in   a r e a l  

35  e x t e n t .   F o r   e x a m p l e ,   w h e r e   in  an  e m u l s i o n   c o n t a i n i n g  

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

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

p e r c e n t a g e   of  t h e   t o t a l   g r a i n   s u r f a c e   may  be  r e q u i r e d  
to  p r o d u c e   a  d i s t i n c t i v e   p h o t o g r a p h i c   e f f e c t .  

G e n e r a l l y ,   i f   any  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   i s  

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

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

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

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

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

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

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

15  Is  l i m i t e d   o n l y   by  t h e   o b s e r v e r ' s   a b i l i t y   to   d e t e c t  

t h e   p r e s e n c e   of  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 .  

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

20  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   t h a t   r e t a r d   t h e  

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

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

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

25  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   a r e   l e a s t   f a v o r a b l e   f o r  

t h e   g r o w t h   of  t h a t   c r y s t a l   f a c e .   For   e x a m p l e ,  

r e g u l a r   c u b i c   s i l v e r   h a l i d e   g r a i n s ,   s u c h   as  g r a i n   1 ,  

a r e   p r o d u c e d   u n d e r   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   f a v o r  

more   r a p i d   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  

30  a l l   o t h e r   a v a i l a b l e   c r y s t a l   f a c e s   t h a n   on  t h e   c u b i c  

c r y s t a l   f a c e s .   R e f e r r i n g   to  F i g u r e   7,  i f   a n  
o c t a h e d r a l   g r a i n ,   s u c h   as  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 u b j e c t e d   to  g r o w t h   u n d e r   c o n d i t i o n s   t h a t   l e a s t  

f a v o r   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   c u b i c  

35  c r y s t a l   f a c e s ,   g r a i n   5  d u r i n g   c o n t i n u e d   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   w i l l   p r o g r e s s   t h r o u g h   t h e   i n t e r m e d i a t e  
cubo—  o c t a h e d r a l   g r a i n   f o r m s   9  and  10  b e f o r e   r e a c h i n g  
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t h e   f i n a l   c u b i c   g r a i n   c o n f i g u r a t i o n   1.  Once  o n l y  

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

i o n s   d e p o s i t   l s o t r o p i c a l l y   on  t h e s e   s u r f a c e s .   I n  

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

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

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

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

a  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   h o s t  

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

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

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

c o n t i n u e s   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   f i r s t   b e c o m e  

X5  i d e n t i f i a b l e   and  t h e n   e x p a n d   in   a r e a   u n t i l   e v e n t u a l -  

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

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

b e i n g   g r o w n .   S i n 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  

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

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

p o p u l a t i o n .   P r e c i p i t a t i o n   c o n d i t i o n s   can   be  a d j u s t e d  

by  t e c h n i q u e s   g e n e r a l l y   known  in  t h e   a r t   to  f a v o r  

e i t h e r   c o n t i n u e d   g r a i n   g r o w t h   or  r e n u c l e a t i o n .  

F a i l u r e   o f   t h e   a r t   to   o b s e r v e   t e t r a h e x a h e -  

2B  d r a l   c r y s t a l   f a c e s   f o r   s i l v e r   h a l i d e   g r a i n s   o v e r  

d e c a d e s   of  i n t e n s e   i n v e s t i g a t i o n   as  e v i d e n c e d   b y  

p u b l i s h e d   s i l v e r   h e 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   o f  

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

30  s i l v e r   h a l i d e   d e p o s i t i o n   a l o n g   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 .   I t   h a s   b e e n   d i s c o v e r e d   t h a t   g r o w t h  

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

h a l i d e   g r a i n s   b e i n g   f o r m e d .   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 .  
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They   a r e   b e l i e v e d   to  be  e f f e c t i v e   by  r e a s o n   o f  

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   a  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   by  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 .   G r o w t h   m o d i f i e r s   t h a t  

5  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   i n  

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

10  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   has   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   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 ,   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  

15  c h o i c e   of   a  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   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   c o m p o u n d s   shown  to  be  e f f e c t i v e   a s  

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   t e t r a h e x a h e d r a l  

20  c r y s t a l   f a c e s   h a v e   b e e n   o b s e r v e d   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   Ls  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   t e t r a h e x a h e -  

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

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  

30  d e p o s i t i o n   a t   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 ,  

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  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   a p p e a r i n g   on  a l l   t h e   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   no 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  

35  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   mus t   h a v 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 .   For   e x a m p l e ,   s i l v e r  
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h a l l d e   g r a i n s   h a v i n g   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   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   to  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  

5  any   i d e n t i f i a b l 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   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  

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   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  

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  

10  p o p u l a t i o n   and  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   50  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 .  

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  

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  

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

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

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  

20  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   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   o r   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   c a n   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  

25  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  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   i t   mus t   e x h i b i t   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   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   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  

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

30  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   a n d  

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 .   I f   t h e   g r o w t h  

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   . 
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   o v e r   t h e   c u b i c   c r y s t a l  

35  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  

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   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 ,  
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and  g r a i n   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  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 .   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   t e t r a h e x a h e d r a l  

5  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   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  

10  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  

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  

B 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  

15  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 -  

i n g   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   vm 

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  

20  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  

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  

25  a p p r o a c h   h a s   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  

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 r o m   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 .   To  t h e   e x t e n t   t h a t   t he   i n i t i a l l y  

30  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 r o m   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   Ion .   At  t h e   same  t i m e ,   a d s o r p t i o n   of  d y e  

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 .  

3  5  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  

a  - s p e c i f i c   s p e c t r a l   s e n s i t i z i n g   dye  has   b e e n  

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

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

10  e l i m i n a t e d .   T h u s ,   en  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   can   be  r e a l i z e d .  

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  

15  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  

to   r e c o r d   g r e e n   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  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  

20  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  

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 ,  

25  as  Is   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  

u n i t .   The  b l u e   r e c o r d i n g   l a y e r   can   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   can   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  

30  and   r e d   r e c o r d i n g   e m u l s i o n s   f rom  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   i n   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  

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  

35  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   c a n   be  e x t e n d e d   to   b l e n d i n g   in   a  
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s 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  

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 ,   t h e   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  

5  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 .  

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  

10  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  

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

15  s h o w n   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   s p e c t r a l   s e n s i t i z a 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  

20  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 ,   i m a g e   t o n e ,   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   o r  

25  d e s e n s i t i z e r s ,   s u p e r s e n s L 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 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 ,   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  

30  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   t e t r a h e x a h e d r a l  

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

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

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

t o   s a t i s f y   v a r i e d   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   a s  
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d e s i r e d .   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  

5  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 / 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   o f   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 .   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  

Mason   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   P 0 1 0  

10  7DD,  E n g l a n d .   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  

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   s i l v e r   s a l t  

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

s i t e   s i l v e r   s a l t   d e p o s i t s   on  h o s t   s i l v e r   h a l i d e  

g r a i n s   a r e   t a u g h t   by  M a s k a s k y   U . S .   P a t e n t s   A,  4 6 3 ,   087  

15  and   4 , 4 7 1 , 0 5 0 ,   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 .  

The   g r o w t h   m o d i f i e r   u s e d   to   f o r m   t h 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   of  t h e   s i l v e r   h a l i d e  

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

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

20  d e s t r o y e d   e n t i r e l y .   For   e x a m p l e ,   w h e r e ,   as  n o t e d  

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

as  a  s p e c t r a l   s e n s i t i z i n g   dye  or  p e r f o r m i n g   s o m e  

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

t h e   g r o w t h   m o d i f i e r   in   t h e   e m u l s i o n .   Where   t h e  

25  g r o w t h   m o d i f i e r   i s   n o t   r e l i e d   upon   to   p e r f o r m   a n  

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

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

d e s i r e d ,   o n c e   I t s   I n t e n d e d   f u n c t i o n   i s   p e r f o r m e d .  

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

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

of   u s e .   The  g r o w t h   m o d i f i e r   can  i t s e l f   be  m o d i f i e d  

by  c h e m i c a l   i n t e r a c t i o n s ,   s u c h   as  o x i d a t i o n ,  

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

r e a g e n t s   s u c h   as   b r o m i n e   w a t e r ,   b a s e ,   or   a c i d   —   e . g . ,  

35  n i t r i c ,   h y d r o c h l o r i c ,   or  s u l f u r i c   a c i d .  

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  
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h e l i d e   e m u l s i o n s   end   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  

can   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 .  

5  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  

( 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  

10  s e n s l 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 .   From  c o m p a r i s o n s   o f  

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

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

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

a n a l o g o u s ,   b u t   n o t   I d e n t i c a l ,   to  t h a t   of  c u b i c   a n d  

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 .   T h a t   o b s e r v a t i o n  

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

20  a d s o r b   to   g r a i n   s u r f a c e s .  

The  s i l v e r   h a l i d e   e m u l s i o n s   can   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 i n e s ,   c o m p l e x   c y a n i n e s   a n d  

25  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  

c y a n l 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  

30  I V .  

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 ,  

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  

35  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  
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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 ,  

5  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  
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 ,   e g a r —   a g a r ,   a r r o w -  

r o o t ,   and   a l b u m i n .   I t   Is   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   h y d r o p h l l i c   c o l l o i d s   w h i c h   c o n t a i n   a  l o w  

10  p r o p o r t i o n   d i v a l e n t   s u l f u r   a t o m s .   The  p r o p o r t i o n   o f  

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

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

s u c h   as   h y d r o g e n   p e r o x i d e .   Among  p r e f e r r e d  

h y d r o p h i l i c   c o l l o i d s   f o r   u s e   as   p e p t i z e r s   f o r   t h e  

15  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   g e l a t i n o - p e p t i z e r s  

w h i c h   c o n t a i n   l e s s   t h a n   30  m i c r o m o l e s   of   m e t h i o n i n e  

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

20  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  e 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   c a n   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   e r e  

25  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  

30  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 n g   m a t e r i a l s ,   a n t l B t a t l 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  

35  i n v e n t i o n   can   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   c a n   be  m u l t i l a y e r  
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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 rom  low  c o n t r a s t   t o  

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  

5  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  
f o r   i n - c a m e r a   p r o c e s s i n g .   In  t he   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   c an   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  

10  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 he   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   can   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 he   s p e c t r u m .   T h e  

15  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  

image   f o r m i n g   u n i t s ,   c a n   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   can   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   use   o f  

20  m t c r o v e s s e l s   or  m i c r o c e l l s ,   as  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  Image  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  

25  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 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  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  

30  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   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   as  p r e v i o u s l y   d e s c r i b e d .  

35  The  e l e m e n t s   of  t he   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  
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l e 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 a n   be  any   s u i t a b l e  

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  

5  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 .  

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 .  

10  The   p h o t o g r a p h i c   e l e m e n t s   c a n   be  i m a g e w i s e  

e x p o s e d   v l 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 ,  

15  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   o f   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 he   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   t o   be  e x p o s e d   by  X  r a y s ,   t h e y   c a n  

20  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 .   1 8 4 ,   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  

25  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 .  

E x a m p l e s  

30  The  i n v e n t i o n   can   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   t h e   t e r m   " p e r c e n t "   m e a n s   p e r c e n t  

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

35  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 .  
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E x a m p l e   1 

T h i s   e x a m p l e   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   i n  
t h e   p r e s e n c e   of  ammonia   of  a  t e t r a h e x 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   h a v i n g   t h e   M i l l e r   i n d e x   { 2 1 0 } ,  

5  b e g i n n i n g   w i t h   a  c u b i c   h o s t   e m u l s i o n .  

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 .5   g.  of  d e l o n l z e d   b o n e   g e l a t i n   d i s s o l v e d  
In  2 8 . 5   g.  of  w a t e r .   To  t h i s   was  a d d e d   0 . 0 5   mole   o f  

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

10  0 . 8 u m   c o n t a i n i n g   a b o u t   10  g /Ag  mole   of  g e l a t i n   a n d  

h a v i n g   a  t o t a l   w e i g h t   of  2 1 . 6   g.  The  e m u l s i o n   w a s  
h e a t e d   to   4 0 ° C ,   and  3 .0   m i l l i m o l e s / A g   m o l e   of  Dye  I  
d i s s o l v e d   in  2 .5   mL.  w a t e r   was  a d d e d .   The  m i x t u r e  

was  h e l d   a t   A0°C  f o r   15  m i n .  

15  Dye  I  C H ,  
°V  ' 

, /   V  ; • -   N r C H - C 0 , H  

1  -   +  
( C H 2 ) 3 S O 3 N a  

2 0  
J u s t   p r i o r   to  b e g i n n i n g   t h e   p r e c i p i t a t i o n ,  

3 . 4   m l l l i r a o l e s   of  an  a q u e o u s   ( N H . ) 2 S 0 ,   s o l u t i o n  

( 1 . 0   mL)  was  a d d e d ,   f o l l o w e d   by  2 5 . 9   m i l l i m o l e s   o f  

ammonium  h y d r o x i d e   ( 1 . 7 5   mL)  and  0 . 2 5   m i l l i m o l e s   o f  

25  KBr  s o l u t i o n   ( 0 . 5   mL).  The  pAg  was  m e a s u r e d   as  9 . 3  

a t   4 0 ° C ,   and  was  m a i n t a i n e d   t h r o u g h   t h e   p r e c i p i t a -  

t i o n .   At  40°C  a  2.5M  s o l u t i o n   of  AgN03  was  a d d e d  
a t   a  c o n s t a n t   f l o w   r a t e   a l o n g   w i t h   a  2 .5M  s o l u t i o n   o f  

KBr,   w h i c h   was  a d d e d   as  n e c e s s a r y   to   m a i n t a i n   t h e  

30  PAS-  Tne  p r e c i p i t a t i o n   c o n s u m e d   0 . 0 1 7 5   m o l e   Ag  in  35  

m i n .   The  pH  was  t h e n   s l o w l y   a d j u s t e d   to   5 . 5 .  

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   ( F i g u r e  

12)  s h o w s   E m u l s i o n   1  to  h a v e   t e t r a h e x a h e d r a l   f a c e s .  

The  M i l l e r   i n d e x   of   t h e   t e t r a h e x a h e d r a l   f a c e s   w a s  

35  d e t e r m i n e d   by  m e a s u r e m e n t   of   t h e   r e l a t i v e   a n g l e  
b e t w e e n   two  a d j a c e n t   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 .  

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

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

t h e   M i l l e r   i n d e x   of  t h e   a d j a c e n t   t e t r s h e x a h e d r a l  

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

5  a n g l e   $  w i t h   t h e   t h e o r e t i c a l   i n t e r s e c t i n g   a n g l e   6  

b e t w e e n   [ h j t c . O - ]   and  [ h ^ ^ O j J   v e c t o r s .  

The  a n g l e   6  was  c a l c u l a t e d   as  d e s c r i b e d   b y  

P h i l l i p s ,   c i t e d   a b o v e ,   a t   p a g e s   218  and  2 1 9 .  

To  o b t a i n   t h e   a n g l e   <J>,  a  c a r b o n   r e p l i c a   o f  

20  t h e   c r y s t a l   s a m p l e   was  r o t a t e d   on  t h e   s t a g e   of  a n  

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

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

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

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

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

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

r e l a t i v e   a n g l e   was  t h e   a n g l e   $  b e t w e e n   v e c t o r s .  

C o m p a r i s o n   of  $  w i t h   6  e n a b l e d   t h e   c r y s t a l   f a c e s  

t o   be  a s s i g n e d .   I f   t h e   e x p e r i m e n t a l l y   d e t e r m i n e d  

20  a n g l e   was  n e a r l y   m i d - w a y   b e t w e e n   two  t h e o r e t i c a l  

a n g l e s ,   t h e   one  a s s o c i a t e d   w i t h   t h e   l o w e r   M i l l e r  

i n d e x   was  u s e d   f o r   t h e   a s s i g n m e n t .   The  r e s u l t s   f o r  

E m u l s i o n   1  w e r e   as  f o l l o w s .   The  n u m b e r   of  m e a s u r e -  

m e n t s   made  Is  g i v e n   in  p a r e n t h e s e s .   T h e o r e t i c a l  

25  v a l u e s   f o r   v e c t o r s   up  to   {540}  w e r e   c o n s i d e r e d .  

T h e o r e t i c a l   A n g l e   B e t w e e n   V e c t o r s  

{210}  3 6 . 9 °  

{310}  5 3 . 1 °  

{320}  2 2 . 6 °  

30  {410}  6 1 . 9 °  

{430}  1 6 . 3 °  

M e a s u r e d   3 9 . 3 ± 1 . 3 ° ( 1 1 )  

E m u l s i o n   1  Is   t h u s   c o m p o s e d   of   r e g u l a r   ■ 
t e t r a h e x a h e d r a   s h o w i n g   {210}  f a c e s .  

35  E x a m p l e   2 

T h i s   e x a m p l e   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  

u n d e r   non—  a m m o n i a c a l   c o n d i t i o n s   of   a  s i l v e r   b r o m i d e  
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e m u l e i o n   h a v i n g   g r a i n s   w i t h   M i l l e r   i n d e x   { 4 1 0 }  

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

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   mole   of  t he   same  h o s t   e m u l s i o n   as  u s e d  

5  in   E x a m p l e   1  ( a b o u t   10  g /Ag  mole   g e l a t i n )   made  up  t o  

50  g.   w i t h   w a t e r .   To  t h i s   was  a d d e d   2  m i l l i m o l e s / A g  

m o l e   of   Dye  II   d i s s o l v e d   in  2  ml.   of   N , N - d i m e t h y l -  

f o r m a m i d e .  

Dve  I I   
.  s  J3  .  

10  I  !  + > ' - C R " " C   •  '  
S /   

,  ,  

^ " '   
C H 3 C 6 H 4 S 0 3 -  

Et  E t  

The  m i x t u r e   was  h e l d   a t   40°C  f o r   15  m i n .  

The  pH  was  a d j u s t e d   to   6 . 0   a t   4 0 ° C ,   and  t h e   e m u l s i o n  

was  h e a t e d   to   6 0 ° C .   The  pAg  was  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 . 0   M  s o l u t i o n   of  AgNO3  and  a  2 . 0  

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

a  p e r i o d   of  50  m i n .   The  AgNO*  s o l u t i o n   was  a d d e d  
20  3 

a t   a  c o n s t a n t   r a t e   and  0 . 0 1   m o l e s   Ag  w e r e   a d d e d .  

F i g u r e   13  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 ,   s h o w i n g   the   c r y s t a l s   to  h a v e   a  

r e g u l a r   t e t r a h e x a h e d r a l   h a b i t .   The  M i l l e r   i n d e x ,  

d e t e r m i n e d   as  d e s c r i b e d   f o r   E x a m p l e   1,  was  f o u n d   t o  
25  

be  { 4 1 0 } .  

A n g l e   B e t w e e n   V e c t o r s  

T h e o r e t i c a l   {410}  2 8 . 1 °  

M e a s u r e d   2 9 . 4 ± 1 . 3 ° ( 5 )  

E x a m p l e   3 
3 0  

T h i s   e x a m p l e   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  

a n o t h e r   t e t r a h e x a h e d r a l   e m u l s i o n   h a v i n g   a  { 4 1 0 }  

M i l l e r   i n d e x ,   b u t   u s i n g   a  d i f f e r e n t   g r o w t h   m o d i f i e r .  

The  e m u l s i o n   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   2 ,  

b u t   f o r   Dye  I I   was  s u b s t i t u t e d   Dye  I I I ,   4  m i l l i —  

m o l e s / A s   m o l e ,   d i s s o l v e d   in  3  mL.  w a t e r .   T h e  

p r e c i p i t a t i o n   was  c a r r i e d   ou t   f o r   50  m i n .   a t   a  r a t e  
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c o n s u r a i n g   0 . 0 2   m o l e   A g .  

Dye  I I I   O 
tl 

f . / S N ) . - C H - C H - / " Y ( C H 2 > 3 C O 2 H  

( C H 2 ) 3 S O 3 ~   + N a  

F i g u r e   14  i s   an  e l e c t r o n   m i c r o g r a p h   o f  

E m u l s i o n   3  s h o w i n g   t h e   c r y s t a l s   to   h a v e   a  r e g u l a r  

20  t e t r a h e x a h e d r a l   h a b i t .   The  M i l l e r   i n d e x   w a s  

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

{ 4 1 0 } .  

A n g l e   B e t w e e n   V e c t o r s  

T h e o r e t i c a l   {410}   2 8 . 1 °   6 1 . 9 °  

15  M e a s u r e d   2 5 . 5 ± 0 . 5 ° ( 2 )   6 4 . 4 ± 1 . 4 ° < 9 )  

E x a m p l e   4  

E x a m p l e   4  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  

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

{410}  M i l l e r   i n d e x   by  t h e   O s t w a l d   r i p e n i n g   of   a  

20  L i p p m a n n   e m u l s i o n   o n t o   a  m i x t u r e   of   c u b i c   a n d  

o c t a h e d r a l   h o s t   g r a i n s   in   t h e   p r e s e n c e   of  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   was  a d d e d   3 2 . 5   g.  ( 7 . 5  

m l l l t m o l e )   of   a  f r e s h l y   p r e p a r e d   AgBr  L i p p m a n n  

25  e m u l s i o n   of  mean  g r a i n   s i z e   0 . 0   2um  and  c o n t a i n i n g  

167  g / A g   m o l e   of  g e l a t i n .   At  35°C ,   0 . 0 9   m i l l i m o l e   o f  

Dye  IV  Ln  2  roL  of   m e t h a n o l   c o n t a i n i n g   2  d r o p s   o f  

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

Dye  IV  0  
II 

30  c  

" n /   y s  

i  - . ,   +  
(CH2)3SO3   Na"  

35  Then   3 .0   ml ,   7 . 5   m i l l i m o l e s   of  AgBr  c o n s i s t i n g   of  a  

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

e q u a l   n u m b e r s   of  c u b e s   ( 0 . 8 u m   mean  s i z e ;   10  g / A g  
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m o l e   g e l a t i n )   and  o c t a h e d r a   ( 0 . 8 u m   mean  s i z e ;   10  

g / A g   mole   g e l a t t n )   was  a d d e d .   The  pH  was  a d j u s t e d   t o  
6 . 0   a t   4 0 ° C ,   and  t h e   pAg  to   9 .3   w i t h   KBr  s o l u t i o n .  

The  m i x t u r e   was  t h e n   h e a t e d   to  60°C  and  s t i r r e d   a t  

$  t h a t   t e m p e r a t u r e   f o r   19  h r s .  

F i g u r e   15  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 ,   s h o w i n g   t he   c r y s t a l s   to  have   a  

r e g u l a r   t e t r a h e x a h e d r a l   h a b i t .   The  M i l l e r   i n d e x   w a s  
d e t e r m i n e d   to   be  { 4 1 0 } .  

10  A n g l e   B e t w e e n   V e c t o r s  

M e a s u r e d   2 7 . 0 ± 1 . 4 f t < 5 )   6 4 . 0 ± 1 . 0 ° ( 3 )  

T h e o r e t i c a l   {410}  2 8 . 1 °   6 1 . 9 °  

E x a m p l e   5 

E x a m p l e   5  i l l u s t r a t e s   t he   p r e p a r a t i o n   of  a  

15  s i l v e r   b r o m i d e   t e t r a h e x a h e d r a l   e m u l s i o n   by  O s t w a l d  

r i p e n i n g ,   b u t   u s i n g   Dye  I I I   i n s t e a d   of  Dye  IV  a s  

g r o w t h   m o d i f i e r .  

The  e m u l s i o n   of  E x a m p l e   5  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   4,  b u t   u s i n g   as  g r o w t h   m o d i f i e r  

20  0 . 0 9   m t l l i m o l e   of   Dye  I I I   d i s s o l v e d   in  3  mL  o f  

m e t h a n o l ,   1  mL  of   N , N - d i m e t h y l f o r m a m i d e ,   and  2  d r o p s  
of  t r i e t h y l a m i n e .   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   i s   shown  in  F i g u r e   16.  The  h a b i t  

i s   a  r e g u l a r   t e t r a h e x a h e d r o n ,   w i t h   {410}  f a c e s .  

25  E x a m p l e   6 

T h i s   e x a m p l e   i l l u s t r a t e s   t he   p r e p a r a t i o n   o f  

a  t e t r a h e x a 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   h a v i n g   t h e  

M i l l e r   i n d e x   { 4 1 0 } .  

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  

30  was  a d d e d   0 . 0 5   mole   of  a  c u b i c   s i l v e r   c h l o r i d e  

e m u l s i o n   of  mean  g r a i n   s i z e   0 . 6 5   -\im  and  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   to  make  t h e  

t o t a l   w e i g h t   48  g.  To  t h e   e m u l s i o n   a t   40°C  was  a d d e d  

2 . 0   m i l l l m o l e / A g   mole   of  Dye  I I I   d i s s o l v e d   in  2  mL  o f  

35  w a t e r .   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 .   The  t e m p e r a t u r e   was  t h e n   r a i s e d   to  50°C.   T h e  

pH  was  a d j u s t e d   to   5 . 9 2   a t   50°C  and  m a i n t a i n e d   a t  
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t h i s   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   by  NaOH  a d d i -  

t i o n .   The  pAg  was  a d j u s t e d   to  7 .9   a t   50°C  w i t h   StaCl  

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

1.5M  s o l u t i o n   of   AgN03  was  i n t r o d u c e d   a t   a  c o n s t a n t  

5  r a t e   o v e r   a  p e r i o d   of  500  m i n . ,   w h i l e   a  2 .7M  s o l u t i o n  

of   NaCl  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 7 5   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 e s u l t i n g  

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

10  17.   The  h a b i t   was  a  r e g u l a r   t e t r a h e x a h e d r o n ,   and  t h e  

M i l l e r   i n d e x   was  d e t e r m i n e d   to  be  { 4 1 0 } .  

Anr. le   B e t w e e n   V e c t o r s  

M e a s u r e d   2 5 . 9 ± 1 . 3 ° ( 8 )   6 4 . 0 ± 1 . 6 ° ( 1 0 )  

T h e o r e t i c a l   {410}   2 8 . 1 °   6 1 . 9 °  

15  E x a m p l e   7 

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

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

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

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

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

t h r e e   d i f f e r e n t   t y p e s :  

A.  The  f i r s t   g r a i n   g r o w t h   p r o c e d u r e   was  a s  

f o l l o w 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  

25  s t i r r e r   was  a d d e d   0 .5   g  of  bone   g e l a t i n   d i s s o l v e d   i n  

2 8 . 5   g  of  w a t e r .   To  t h i s   was  a d d e d   0 . 0 5   mo le   o f  

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

0.8)im»  c o n t a i n i n g   a b o u t   lOg /Ag   m o l e   g e l a t i n ,   a n d  

h a v i n g   a  t o t a l   w e i g h t   of  2 1 . 6   g.  The  e m u l s i o n   w a s  

30  h e a t e d   to   4 0 ° C ,   and  6 . 0   m l l l i m o l e s / A g   m o l e   o f  

d i s s o l v e d   g r o w t h   m o d i f i e r   were   a d d e d .   The  m i x t u r e  

was  h e l d   f o r   15  m i n .   a t   40°C.   The  pH  was  a d j u s t e d   t o  

6 . 0   a t   4 0 c C .   The  e m u l s i o n   was  t h e n   h e a t e d   to   6 0 ° C ,  

and   t h e   pAg  was  a d j u s t e d   to  8 .5   a t   60°C  w i t h   KBr  a n d  

35  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 .  

The  pH,  w h i c h   s h i f t e d   to  5 . 9 2   a t   6 0 ° C ,   was  h e l d   a t  

t h a t   v a l u e   t h e r e a f t e r .   A  2.5M  s o l u t i o n   of   AgNO3 
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and  a  2.5M  s o l u t i o n   of  KBr  were   t h e n   i n t r o d u c e d   w i t h  

e  c o n s t a n t   s i l v e r   a d d i t i o n   r a t e   o v e r   a  p e r i o d   of  1 2 5  

m i n . ,   c o n s u m i n g   0 . 0 6 2 5   mole   A g .  

B.  The  s e c o n d   g r a i n   g r o w t h   p r o c e d u r e   w a s  

5  as  f o l l o w 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   2 7 . 5   mL  of  w a t e r .   To  t h i s   w a s  

a d d e d   0 . 0 5   mole   of  a  s i l v e r   b r o m i d e   h o s t   g r a i n  

e m u l s i o n   of  mean  g r a i n   s i z e   0 .8   inn,  c o n t a i n i n g  

a b o u t   10  g /Ag  mole   of  g e l a t i n   and  h a v i n g   a  t o t a l  

10  w e i g h t   of  2 1 . 6   g.  The  e m u l s i o n   was  h e a t e d   to  4 0 ° C ,  

and  3 .0   m i l l l m o l e /   i n i t i a l   Ag  mole   of  d i s s o l v e d   g r o w t h  

m o d i f i e r   was  a d d e d .   The  m i x t u r e   was  h e l d   a t   40°C  f o r  

15  min .   J u s t   p r i o r   to  b e g i n n i n g   t h e   p r e c i p i t a t i o n  

3 . 4   m i l l l m o l e s   of  an  a q u e o u s   ( N H , ) 2 S 0 .   s o l u t i o n  

15  ( 1 . 0   mL),  c o n t a i n i n g   a l s o   0 . 2 5   m l l l i m o l e   of  KBr,  w a s  

a d d e d ,   f o l l o w e d   by  2 5 . 9   m i l l l m o l e s   of  ammonium 

h y d r o x i d e   ( 2 . 0   mL).  The  pAg  was  m e a s u r e d   as  9 .3   a t  

40°C  and  was  m a i n t a i n e d   a t   t h a t   l e v e l   t h r o u g h o u t   t h e  

p r e c i p i t a t i o n .   At  40°C  a  2.5M  s o l u t i o n   of  AgNO,  

2Q  was  a d d e d   a t   a  c o n s t a n t   f l o w   r a t e   a l o n g   w i t h   a  2 . 5 M  

s o l u t i o n   of  KBr,  t he   l a t t e r   b e i n g   a d d e d   a t   t he   r a t e  

n e c e s s a r y   to  m a i n t a i n   t h e   pAg.  The  p r e c i p i t a t i o n  

c o n s u m e d   0 . 0 5   mole   Ag  o v e r   a  p e r i o d   of  100  min .   T h e  

pH  was  t h e n   s l o w l y   a d j u s t e d   to  5 . 5 .  

25  In  t he   f i r s t   and  s e c o n d   p r o c e d u r e s   c u b i c   o r  

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

T a b l e   I .   S m a l l   s a m p l e s   of  e m u l s i o n   were  w i t h d r a w n   a t  

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

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

30  f a c e s   r e v e a l e d   in  s u c h   s a m p l e s   a r e   r e p o r t e d   in  T a b l e  

I .  

C.  The  t h i r d   g r a i n   g r o w t h   p r o c e d u r e  

e m p l o y e d   7 .5   m i l l i m o l e s   of   a  f r e s h l y   p r e p a r e d   v e r y  
f i n e   g r a i n   ( a p p r o x i m a t e l y   0 . 0 2   ym)  AgBr  e m u l s i o n   t o  

35  w h i c h   was  a d d e d   0 .09   m l l l i m o l e   of  g r o w t h   m o d i f i e r .  

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

d i s s o l v e d   and  r e p r e c i p i t a t e d   o n t o   t h e   h o s t   g r a i n s .  
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The  h o s t   g r a i n   e m u l s i o n   c o n t a i n e d   0 . 8   p   A g B r  

g r a i n s .   A  7 . 5   m l l l i r o o l e   p o r t i o n   of  t he   h o s t   g r a i n  

e m u l s i o n   was  a d d e d   to   t h e   v e r y   f i n e   g r a i n   emu  Is   i  0.3. 

A  pli  o f   6 . 0   and  pAg  of   9 . 3   a t   40°  C  was  e m p l o y e d .  

5  The  m i x t u r e   was  s t i r r e d   a t   60°  C  f o r   a b o u t   19  h o u r s .  

The  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   a r e   as   n o t e d   in   T a b l e   I .   Where   b o t h   o c t a h e -  

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

g r o w t h   m o d i f i e r ,   a  m i x t u r e   of  5 . 0   m i l l i m o l e s   c u b i c  

10  g r a i n s   of   0 . 8   11m  and   2 . 5   m i l l i m o l e s   of  o c t a h e d r a l  

g r a i n s   of   0 . 8   vm  was  e m p l o y e d   g i v i n g   a p p r o x i m a t e l y  

t h e   same  n u m b e r   of   c u b i c   and  o c t a h e d r a l   h o s t   g r a i n s .  

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

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

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

l a r g e r .   T h u s ,   i t   was  p o s s i b l e   in  one  r i p e n i n g  

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

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

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

20  i n d i c a t e d   by  f o o t n o t e .   The  {hkO}  s u r f a c e   c o l u m n  

of  T a b l e   I  r e f e r s   to   t h o s e   s u r f a c e s   w h i c h   s a t i s f y   t h e  

d e f i n i t i o n   a b o v e   f o 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 .  

25  

3 0  

35 
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T A B L E   1 

{hkO}  

S u r f a c e s  

H o s t  

G r a i n s   M e t h o d  G r o w t h   M o d i f i e r  

1  5—  N i t r o - o - p h e n y l -  

e n e g u a n i d i n e  

n i t r a t e  

2  C i t r i c   a c i d ,   t r i -  

s o d i u m   s a l t  

3  5 - N l t r o i n d a z o l e  

c u b i c  N o n e  

None  c u b i c   C 

None  c u b i c   C 

None  o c t a h e d r a l   C 

None  o c t a h e d r a l  

( D ( 2 )   A 

None  c u b i c   A 

None  o c t a h e d r a l   C 

None  c u b i c   C 

None  o c t a h e d r a l   C 

None  c u b i c   C 

None  o c t a h e d r a l   C 

3 

10 
1—  P h e n y l —   5 - m e r c a p - .  

t o t e t r a z o l e  

5—  Bromo—  1  ,  2  ,  3—  ben— 

z o t r t a z o l e  

6—  Chi  or  o-A—  ni   t r   o— 

1 , 2 ,   3—  b e n z o -  

t r l a z o l e  

5 - C h l o r o - l   ,  2  ,  3 - b e n -  

z o t r i a z o l e  

5—  C h l o r o —   6 - n i t r o -  

1 , 2 ,   3—  b e n z o -  

t r l a z o l e  

3 - W e t h y l - l   ,  3 - b e n z o -  

t h i a z o l i u m   e ~  
t o l u e n e s u l —  

f o n a t e  

A - H y d r o x y - 6 - o 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  

A—  H y d r o x y - 6 - m e t h y l -  

2 - i n e t h y l m e r c a p t o -  

1 , 3 , 3 a ,   7 - t e t r a -  

a z a l n d e n e  

2 , 6 , 8 - T r l c h l o r o -  

p u r l n e  

15  

2 0  
8 

c u b i c  N o n e  

2 5  
c u b i c  

o c t a h e d r a l  

C 

C 

N o n e  

N o n e  

1 0  

3 0  
o c t a h e d r a l  N o n e  

1 1  

None  c u b i c   A 

None  c u b i c   C 

None  o c t a h e d r a l   C 

35  
1 2  



0 2 1 3 9 6 3  

- 3 7 -  

T A B L E   I  f C n n t . t r f l  

(hkO)   H o s t  
G r o w t h   M o d i f i e r   S u r f a c e s   C r a j n n   t fofhrMi 

13  2 - M e r c a p t o - l - p h e n y l -   None  c u b i c   c  
5  b e n z i m l d a z o l e   None  o c t a h e d r a l   C 

1  A  3  ,  6 -D lme   t h y l - 4 - h y -  

d r o x y - l , 2 , 3 a , 7 -   None  c u b i c   c  
t e t r a a z a i n d e n e   None  '  o c t a h e d r a l   c  

15  5 - C a r b o x y - A - h y d r o x y -  

10  l » 3 , 3 a , 7 - t e t r a -   None  c u b i c   c  
a z a i n d e n e   None  o c t a h e d r a l   C 

16  5 - C a r b e t h o x y - 4 - h y -  

d r o x y - 1   ,  3  ,  3a  ,  7 -  

t e t r a a z a i n d e n e   None  c u b i c   A 
15  1/   5 - I m t n o - 3 - t h i o u r -   None  c u b i c   c  

f l z o l e   
.  None  o c t a h e d r a l   C 

18  2 - F o r m a m i d i n o t h i o -  

me  t  hy  1 - 4 - f t y   dr   o x y -  

6 - m e t h y l - l , 3 , 3 a , 7 -   None  .  c u b i c   c  
20  t e t r a a z a i n d e n e   None  o c t a h e d r a l   C 

19  A - H y d r o x y - 2 - B - h y -  

d r o x y e t h y l - 6 -  

m e t h y l - l , 3 , 3 a , 7 -   None  c u b i c   C 
t e t r a a z a i n d e n e   None  o c t a h e d r a l   C 

2&  20  6 - M e t h y l - 4 - p h e n y l -  

m e r c a p t o - l , 3 , 3 a , 7 -   None  c u b i c   C 
t e t r a a z a l n d e n e   None  o c t a h e d r a l   C 

21  2 - « e r c a p t o - 5 - p h e n y l -   None  c u b i c   C 
1 , 3 , 4 - o x a d l a z o l e   None  o c t a h e d r a l   C 

30  22  1 , 1 0 - D i t h i a -  

4 , 7 , 1 3 , 1 6 - t e t r a -   None  c u b i c   C 
o x a c y c l o o c t a d e c a n e   None  o c t a h e d r a l   C 

23  2 - M e r c a p t o - l , 3 -   None  c u b i c   C 
b e n z o t h l a z o l e   None  o c t a h e d r a l   C 

35  24  6 - N i t r o b e n z l m i d a z o l e   None  c u b i c   (3)   A 
25  5 - M e t h y l - l , 2 , 3 -   None  c u b i c   C 

b e n z o t r l a z o l e   None  o c t a h e d r a l   C 



0 2 1 3 9 6 3  

- 3 8 -  

T A B L E   I  ( C o n t ' d )  

{hkO)  H o s t  

G r o w t h   M o d i f i e r   S u r f a c e s   G r a i n s   M e t h o d  
26  U r e z o l e   None  c u b i c   c  

None  o c t a h e d r a l   c  
27  4 , 5 - D i c a r b o x y -  

1 , 2 , 3 —   t r i a z o l e ,   None  c u b i c   c  

m o n o p o t a s s l u m   s a l t   None  o c t a h e d r a l   c  
28  3 - M e r c a p t o — l , 2 , 4 -   None  c u b i c   c  

t r i a z o l e   None  o c t a h e d r a l   C 
29  2 - M e r c a p t o - l , 3 -   None  c u b i c   C 

b e n z o x a z o l e   None  o c t a h e d r a l   C 
30  6 , 7 - D i h y d r o - A -  

m e t h y l - 6 - o x o -  

1  ,  3  ,  3a  ,  7—  t e t r a -   None  c u b i c   C 
a z a l n d e n e   None  o c t a h e d r a l   C 

31  l » 8 - D i h y d r o x y - 3 , 6 -   None  c u b i c   C 
d i t h i a o c t a n e   None  o c t a h e d r a l   C 

32  5 - E t h y l - 5 - m e t h y l - 4 -  

t h i o h y d a n t o i n   None  c u b i c   A 
33  E t h y l e n e t h i o u r e a   None  c u b i c   A 

None  o c t a h e d r a l   A 
34  2—  C a r b o x y - 4 —   h y d r o x y —  

6 - o e t h y l —   1 , 3 ,   3a ,   7-  None  c u b i c   C 

t e t r a a z a i n d e n e   None  o c t a h e d r a l   C 

35  D i t h i o u r a z o l e   None  c u b i c   C 

None  o c t a h e d r a l   C 
36  2 - M e r c a p t o i m l d a z o l e   None  c u b i c   .  A 

37  5 - C a r b e t h o x y - 3 - ( 3 -  

c a r b o x y p r o p y   1  )—  4 -  

m e t h y l - 4 - t h i a -   None  c u b i c   C 

z o l i n e - 2 - t h i o n e   None  o c t a h e d r a l   C 

38  D i t h i o u r a z o l e —  

m e t h y l   v i n y l   None  c u b i c   C 

k e t o n e   m o n o a d d u c t   None  o c t a h e d r a l   C 

39  1 , 3 , 4 - T h . l a d i a z o l l -   None  c u b i c   C 

d i n e - 2 , 5 - d i t h i o n e   None  o c t a h e d r a l   C 

10  

IB 

2 0  

2 5  

3 0  

35  
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{hkO}  H o s t  

G r o w t h   M o d i f i e r   S u r f a c e s   G r a i n s   M e t h o d  
40  4 - C a r b o x y m e t h y l —  

4—  t h i a z o l   I n e -   None  c u b i c   c  
2—  t h i o n e   None  o c t a h e d r a l   C 

41  1—  P h e n y l —   5—  s e l e n o l —  

t e t r a z o l e ,   o c t a h e d r a l  

p o t a s s i u m   s a l t   None  ( 1 ) ( 2 )   A 
42  1 - C a r b o x y m e t h y l —   5 H -  

4 - t h i o c y c l o p e n t a -   None  o c t a h e d r a l   C 

( d ) u r a c l l   None  c u b i c   C 
43  5—  Bromo—  4-  h y d r o x y -  

6 - « e t h y l - l , 3 , 3 a , 7 -  

t e t r a a z a i n d e n e   None  c u b i c   A 
44  2—  C a r b o x y m e t h y l -  

t h i o - 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 l n d e n e   None  c u b i c   C 
45  l - ( 3 - A c e t a m i d o -  

p h e n y   1  )—  5 - m e r c a p -  

t o t e t r a z o l e ,  

s o d i u m   s a l t   None  o c t a h e d r a l   C 
46  5—  C a r b o x y —   6—  h y d r o x y -  

4—  me  thy   1—  2-me  t h y   1— 

t h i o - l , 3 , 3 a , 7 -  

t e t r a a r . a i n d e n e   None  o c t a h e d r a l   C 
47  5 - C a r b o x y - 4 —   hy— 

droxy—  6 - o e   t  hy  1— 

2 - n e t h y l t h i o -  

1 , 3 ,   3a ,   7 -  

t e t r a a z a i n d e n e   None  c u b i c   A 

48  w - T h i o c a p r o l a c t a m   None  c u b i c   (1 )   A 
49  4—  H y d r o x y - 2 - m e t h y l -  

t h i o - l , 3 , 3 a , 7 -  

t e t r a a z a i n d e n e   None  c u b i c   a  

1 0  

IB 

2 0  

2 5  

3 0  

3 5  



0 2 1 3 9 6 3  

- 4 0 -  

T A B L E   I  ( C o n t ' d )  

{hkO}  

S u r f a c e s  

H o s t  

G r a i n s   M e t h o d  

o c t a h e d r a l  

<4>  A 
o c t a h e d r a l  

( 8 )   A 

o c t a h e d r a l  

( 4 )   A 

G r o w t h   M o d i f i e r  

50  4 - H y d r o x y - 2 . 6 - d i -  

me  t h y   1 - 1 ,   3 , 3 a ,   7 -  

t e t r a a z a i n d e n e  

51  P y r i d i n e - 2 - t h l o l  

N o n e  

N o n e  

52  A - H y d r o x y - 6 - m e t h y l -  

1 , 2 ,   3 a ,   7—  t e t r a -  

a z a i n d e n e   N o n e  

53  7—  E t h o x y c a r b o n y l —  

6-me  t  hy  1—  2-me  t  h -  

y  1  t  h  1  o—  4—  oxo— 

1 , 3 , 3 a ,   7 - t e t r a -  

a z a l n d e n e   N o n e  

54  l - ( 4 - N l t r o p h e n y l ) - 5 -  

n e r c a p t o t e t r a z o l e   N o n e  

55  4 - H y d r o x y - 1 . 3 , 3 a , 7 -  

t e t r a a z a l n d e n e   N o n e  

56  2 - M e t h y l - 5 - n i t r o - l H -  

b e n z i m l d a z o l e   N o n e  

57  B e n z e n e t h i o l   N o n e  

c u b i c   C 

o c t a h e d r a l  

( D ( 2 )   A 

o c t a h e d r a l  

( 4 )   A 

o c t a h e d r a l   A 

o c t a h e d r a l  

d ) ( 8 )   A 

c u b i c   C 

o c t a h e d r a l   C 

c u b i c   C 

o c t a h e d r a l   C 

o c t a h e d r a l  

(1 )   A 

58  M e l a m l n e  

59  l - ( 3 - N i t r o p h e n y l ) - 5 -  

n e r c a p t o t e t r a z o l e  

60  P y r i d l n e - 4 - t h l o l  

61  4—  H y d r o x y —   6 - o e t h y l —  

3 - m e t h y l t h i o -  

1 , 2 ,   3 a ,   7—  t e t r a -  

a z a l n d e n e  

62  4 - M e t h o x y —   6 - o e t h y l —  

l , 3 , 3 a , 7 - t e t r a -  

a z a i n d e n e  

N o n e  

N o n e  

N o n e  

N o n e  

N o n e  

c u b i c  N o n e  

None .  o c t a h e d r a l  
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T A B L E   I  ( C o n t ' d )  

{ h k O }  

er  S u r f a c e s  

H o s t  

G r a i n s   M e t h o d  G r o w t h   M o d i f i e r   S u r f a  

63  4-Amino—  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   N o n e  

64  A - M e t h o x y - 6 - m e t h y l -  

2 - m e t h y l t h i o -  

l , 3 , 3 a , 7 - t e t r a -  

a z a i n d e n e   N o n e  

65  A - H y d r o x y - 6 - i n e t h y l -  

1 , 2 , 3 , 3 a ,   7 - p e n t a -  

a z a l n d e n e   N o n e  

66  3 - C a r b o x y m e t h y l -  

r h o d a n i n e   N o n e  

67  l H - B e n z i m l d a z o l e   N o n e  

68  4 - N i t r o - l H - b e n z -  

i r o i d a z o l e   N o n e  

69  3 - E t h y l - 5 - [ ( 3 - e t h y l -  

2 - b e n z o x a z o l i n y l i -  

dene   )e  thy   1  i d e n e   ] -  

4 - p h e n y l - 2 - t h i o x o -  

3 - t h i a z o l l n i u m   N o n e  

i o d i d e   N o n e  

o c t a h e d r a l  

c u b i c  
1 0  

None  o c t a h e d r a l   A 

None  c u b i c   (1 )   A 

None  o c t a h e d r a l   A 
IB 

o c t a h e d r a l  

2 0  

Lum  None  c u b i c   C 

None  o c t a h e d r a l   C 

2 5  

1  II  > - C H - C H -  

E t  
30  70  3 - E t h y l - 5 - ( 4 - m e t h y l -  

2 - t h i o x o - 3 - t h i a -  

z o l i n - 5 - y l   i d e n e -   N o n e  

m e t h y l   ) r h o d a n i n e   N o n e  

0  Me 

c u b i c   C 

o c t a h e d r a l   C 

! 3 5  

s—  :  
E t - N ^   \ ~ C - \  

s ^  
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T  A  B  L  E  I  ( C o n t ' d )  

{hkO} 

S u r f a c e s  
H o s t  

G r a i n s   M e t h o d  
G r o w t h   M o d i f i e r   S u r f  

71  3 - I s o p r o p y l - [ ( 3 -  

e t h y l - 2 - b e n z o 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 l n e   N o n e  c u b i c  B 

10  

I  IJ  ) • -   CH-CH- 

I 
E t  

72  3 , 3 « - D i e t h y l t h i a -  

c y a n i n e   E ^ t o l u e n e  

e u l f o n a t e   { 4 1 0 }  

I I  

15 

c u b i c   ( 5 )  

20 

e  E t  E t  p t s  

73  3 - E t h y l - 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 ) r h o d a n l n e   N o n e  

i 
E t  

>5 c u b i c   ( 5 )  



0 2 1 3 9 6 3  

- 4 3 -  

T A B L E   I  ( C o n t ' d )  

_   (h lcO)  

G r o w t h   M o d i f i e r   S u r f a c e s  

74  3 - E t h y l - 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 ) - 2 -  

t  h  1  o -2   ,  4 - o x a   z  o  1  i -  

d i n e d i o n e   N o n e  

H o s t  

G r a i n s   M e t h o d  

c u b i c   ( 5 )  

0  
II 1 0  

E t  

15  75  5 - ( 3 - E t h y l - 2 - b e n z o -  

t h i a z o l i n y l l d e n e ) -  

1  ,  3 -d   1  p h e n y   1 - 2 -   N o n e  

t h i o h y d a n t o l n   N o n e  

c u b i c  

o c t a h e d r a l  

C 

C 

0  
U 2 0  

i ' V > - < Y  

I  I 
Et  <t> 

25  76  3 - E t h y l - 5 - ( 3 - e t h y l -  

2 - b e n z o x a z o l i n y l -  

i d e n e ) r h o d a n i n e   N o n e  

0  

c u b i c   ( 5 )  

/ ^ / N v   
.   

/   Y - E t  3 0  

I 
E t  

35  



0 2 1 3 9 6 3  

- 4 4 -  

T A B L E   I  ( C o n t ' d )  

{hkO} 

S u r f a c e s  

H o s t  

G r a i n s  G r o w t h   M o d i f i e r  

77  3 - M e t h y l - 4 - [ ( l , 3 , 3 -  

t  r i m e   t hy   1-1  (H  ) - 2 -  

i n d o l y l i d e n e ) -  

e t h y l i d e n e ] - l -  

p h e n y l —   2—  p y r a z o —  
l in—  5—  o n e  

M e t h o d  

c u b i c   C 

o c t a h e d r a l   C 

N o n e  

N o n e  

10 

I  II  ) • -   CH-CH—r^  

Me  n e  

78  5 - ( l , 3 - D i t h i o l a n - 2 -  

y l i d e n e ) - 3 - e t h y l -  

r h o d a n i n e  

0  

15 

N o n e  c u b i c   ( 5 )  

2 0  
/   > - E t  

79  5 - ( 5 - M e t h y l - 3 - p r o -  

p y l - 2 - t h i a z o l i n y l -  

i d e n e   ) - 3 - p r o p y   1 -  

r h o d a n i n e  

25  

c u b i c   ( 5 )  N o n e  

0  
U 

\ < \  
II  > - /   ^ - C H 2 - C H 2 ~ M e  

3 0  

CH. 
I  ' 

CH. 
I  ' 

Me 

35  
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T A B L E   I  ( C o n t ' d )  

{hkO}  H o s t  

G r o w t h   M o d i f i e r   S u r f a c e s   G r a i n s   M e t h o d  

80  3 - C a r b o x y m e t h y l - 5 -  

5  [ ( 3 - e t h y l - 2 - b e n z -  

o x a z o l l n y l i d e n e ) -  

e t h y l l d e n e ] r h o -   None  c u b i c  

d a n i n e   None  o c t a h e d r a l  

c u b i c   C 

o c t a h e d r a l   C 

0  
II 10  

l '   Y   V - C H - C H - /   > - ^ H 2 - C O 2 H  

V s  

i 
E t  

15  81  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 l n e   N o n e  

0  

20  .  c  tf 

{   Y   \ - /   Y - C H 2 - C H 2 - S O 3 H  

i 
E t  

25  82  5 - A n i l i n o m e t h y l e n e -  

3 - ( 2 - s u l f o e t h y l ) -  

r h o d a n i n e   N o n e  

0  

c u b i c   ( 5 )  

c u b i c   ( 6 )  

H S O 3 - C H 2 - C H 2 - /   X - C H - K ^ "  
3 0  

'<J> 

35  
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{ h k O }  

G r o w t h   M o d i f i e r   S u r f a c e s  

83  3 - ( l - C a r b o x y e t h y l ) -  

5 - [ ( 3 - e t h y l - 2 -  

b e n z o x a z o l i n y l i -  

d e n e ) e t h y l i d e n e ] -  

r h o d a n i n e   N o n e  

H o s t  

G r a i n s  l e t h o d  

c u b i c  B 

H-Me 
1 0  

]  [i  ; • -   c h - c h —   ;  Y  

I 
E t  

15  84  3 - (   1 - C a r b o x y   e t h y l   ) -  

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 ) e t h y l -  

i d e n e ] r h o d a n i n e   N o n e  c u b i c  6  

20  0  

I  y  ; • -   c h - c h - <   Y  c o , h  

I 

85  3 - ( 3 - C a r b o x y p r o p y l > -  

5 - [ ( 3 - e t h y l - 2 -  

b e n z o x a z o l i n y l i -  

d e n e ) e t h y l i d e n e ] -  

30  r h o d a n i n e   N o n e  

,CH-Me 
I 

CO2H 

c u b i c  B 3 0  

O 
U 

{   Y ^ - C H - C H - /   V - C H 2 - C H 2 - C H 2 - C O 2 H  

^ y   \ S   V   ^ s  
i 
E t  

3S  
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T A B L E   I  ( C o n t ' d )  

{hkO}  

G r o w t h   M o d i f i e r   S u r f a c e s  

B6  3-   ( 2 - C a r b o x y e   thy   I D -  

S'-  [ ( 3 - e   thy   1 - 2 -  

b e n z o t h i a z o l i n y l i -  

d e n e ) e t h y l i d e n e ] -   N o n e  

r h o d a n i n e   N o n e  

H o s t  

G r a i n s   M e t h o d  

c u b i c   C 

o c t a h e d r a l   C 

0  
U 

- C H - C H - /   Y - C H 2 - C H 2 C O 2 I  
10  

, - C H , C 0 o H  

v \  

I 
E t  

15  87  3 - C a r b o x y m e t h y l - 5 -  

[  ( 3 - m e t h y l - 2 - t h i a -  
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15  (1 )   3  m m o l e s   of  g r o w t h   m o d i f i e r / A s   mole   o f  

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

(2 )   a  pBr  of  1 . 6   was  e m p l o y e d   • 

(3 )   9  m m o l e s   of  g r o w t h   m o d i f i e r / A g   mole   o f  

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

2Q  in  two  p o r t i o n s  

(4 )   50°C  was  e m p l o y e d   i n s t e a d   of   6 0 ° C  

(5)   2  m m o l e s   of  g r o w t h   m o d i f i e r / A g   mole   o f  

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

(6 )   1 .5   m m o l e s   of   g r o w t h   m o d i f i e r / A g   m o l e  

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

(7 )   4  m m o l e s   of   g r o w t h   m o d i f i e r / A g   mole   o f  

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

(8 )   a  pBr  of   2 . 3   was  e m p l o y e d  

E x a m p l e   8 

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

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

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 .  

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

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

t h a t   d e s c r i b e d   in  E x a m p l e   1.  E m u l s i o n   A  c o n s i s t e d   o f  
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p u r e   s i l v e r   b r o m i d e   t e t r a h e x a h e d r a l   g r a i n s   w h i l e  
E m u l s i o n   B  c o n s i s t e d   of  s i l v e r   b r o m o i o d i d e   ( 2 . 5   m o l e  
p e r c e n t   I o d i d e )   t e t r a h e x a h e d r a l   g r a i n s .  

B o t h   E m u l s i o n s   A  and  B  w e r e   p i n k   in   c o l o r ,  
5  t h e   c o l o r   b e i n g   a t t r i b u t a b l e   to   Dye  I  ( s e e   E x a m p l e   1 )  

e m p l o y e d   as  a  g r o w t h   m o d i f i e r   d u r i n g   t h e i r   p r e p a r a -  
t i o n .   To  e a c h   e m u l s i o n   b r o m i n e   w a t e r   was  a d d e d   w i t h  
s t i r r i n g .   W i t h   t h e   a d d i t i o n   of   t h e   b r o m i n e   w a t e r   t h e  
p i n k   c o l o r   c o m p l e t e l y   d i s a p p e a r e d ,   l e a v i n g   o n l y   a  

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

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

15  e x a m p l e   more   s p e c i f i c a l l y   i l l u s t r a t e s   t h a t   s p e c t r a l  
s e n s i t i z i n g   dye  e m p l o y e d   as   a  g r o w t h   m o d i f i e r   can   b e  
d e s t r o y e d   a f t e r   e m u l s i o n   p r e p a r a t i o n ,   i f   d e s i r e d .   By 
d e s t u c t i o n   of   t he   s p e c t r a l   s e n s i t i z e r ,   t h e   e m u l s i o n  
i s   p l a c e d   in   a  fo rm  in  w h i c h   i t   r e t a i n s   o n l y   i t s  

20  n a t i v e   s p e c t r a l   s e n s i t i v i t y ,   as   i s   d e s i r a b l e   f o r   m a n 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 .   A l t e r n a t i v e l y ,   o n c e  
t h e   s p e c t r a l   s e n s i t i z i n g   dye  e m p l o y e d   as  a  g r o w t h  
m o d i f i e r   h a s   b e e n   e f f e c t i v e l y   d e s t r o y e d ,   a n o t h e r  
s p e c t r a l   s e n s i t i z i n g   dye  can   be  a d s o r b e d   to  t he   g r a i n  

25  s u r f a c e s .  
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WHAT  IS  CLAIMED  I S :  

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

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

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 .  

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

a c c o r d i n g   to   c l a i m   1  w h e r e i n   s a i d   s i l v e r   h a l i d e  

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

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

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

a c c o r d i n g   to   c l a i m   1  w h e r e i n   s a i d   s i l v e r   h a l i d e  

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

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

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

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   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   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  

c o n t a i n   a t   l e a s t   one  of   b r o m i d e   and  c h l o r i d e   i o n s   a n d  

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

b a s e d   on  t o t a l   s i l v e r .  

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

a c c o r d i n g   to   any  one  of   c l a i m s   1  to   4  w h e r e i n   s a i d  

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

l e a s t   one   of   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 .  

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

25  a c c o r d i n g   any   one  of   c l a i m s   1  to  4  c l a i m   1  w h e r e i n  

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

g r a i n s .  

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

a c c o r d i n g   to   any  one  of  c l a i m s   1  to  6  w h e r e i n   a  g r a i n  

30  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 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 .  

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

a c c o r d i n g   to   any  one  of  c l a i m s   1  to  7  w h e r e i n   s a i d  

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   s a t i s f y   t h e   M i l l e r  

35  i n d e x   a s s i g n m e n t   {hkO},   w h e r e i n   0  i s   z e r o ,   h  a n d  

k  a r e   i n t e g e r s   g r e a t e r   t h a n   0,  no  g r e a t e r   t h a n   5,  a n d  

d i f f e r e n t   f r o m   e a c h   o t h e r .  
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9.  A  s i l v e r   h a l i d e   p h o t o g r a p h i c   e m u l s i o n  
a c c o r d i n g   to  c l a i m   8  w h e r e i n   s a i d   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   e x h i b i t   a  (210}   or  {410}  M i l l e r  
i n d e x .  

5  10.  A  s i l v e r   h a l i d e   p h o t o g r a p h i c   e m u l s i o n  
a c c o r d i n g   to  c l a i m   9  w h e r e i n   a  g r a i n   g r o w t h   m o d i f i e r  
i s   p r e s e n t   in  s a i d   e m u l s i o n   c h o s e n   f r o m  

3 , 3 ' - d i e t h y l t h i a c y a n i n e ,   3 - c a r b o x y - e t h y l - 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 } -  
10  r h o d a n i n e ,   or  3 - c a r b o x y p r o p y l - 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 } r h o d a n i n e  
d y e s .  

11.  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  1 0 .  
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