
J t u r o p a i s c n e s   

r a t e n t a m t  

European  Patent  Office 

Office  europeen  des  brevets 
©  Publication  number: 0  1 7 4   0 1 8  

A 2  

Q2)  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  85111158.3  ©  int.  CI.4:  G  03  C  1/02 

@  Date  of  filing:  04.09.85 

®  Priority:  06.09.84  US  647808  ©  Applicant:  E.I.  DU  PONT  DE  NEMOURS  AND  COMPANY 
1007  Market  Street 
Wilmington  Delaware  19898(US) 

,43)  Date  of  publication  of  application: 
12.03.86  Bulletin  86/11  ©   Inventor:  Wilhite,  Douglas  Lee 

11  05  Piper  Road 
(w)  Designated  Contracting  States:  Wilmington  Delaware  19803{US) 

BE  CH  DE  IT  LI 
©   Inventor:  Mickewich,  Daniel  James 

2005  Millers  Road 
Wilmington  Delaware  19810(US) 

©  Representative:  Werner,  Hans-Karsten,  Dr.  et  al, 
Deichmannhaus  am  Hauptbahnhof 
D-5000  Koln  1(DE) 

opiasn-preparea  silver  nauae  emulsions  with  a  uniform  particle  size  distribution. 
Silver  halide  emulsions  with  a  narrow  and  uniform 

particle  size  distribution  are  made  by  introducing  monodis- 
perse  seed  crystals  into  a  gelatin-salts  mixture,  followed  by 
normal  splash-preparation  procedures  to  make  the  final 
emulsion. 



1.  F i e l d   of  t h e   I n v e n t i o n  

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

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

to  s i l v e r   h a l i d e s   made  by  t h e   s o - c a l l e d  

" s p l a s h - p r e c i p i t a t i o n "   m e t h o d s .   S t i l l   m o r e  

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

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

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

2.  S t a t e   of  t h e   A r t  

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

a  p h o t o g r a p h i c   e m u l s i o n   is  a  c o m p l e x   p r o c e s s .  
B a s i c a l l y   t h e   s i l v e r   h a l i d e   c r y s t a l s   or  g r a i n s   can   b e  

p r e p a r e d   by  two  w e l l - k n o w n   m e t h o d s :   t h e   s i n g l e   j e t   o r  

" s p l a s h "   m e t h o d   or  t h e   d o u b l e   j e t   or  b a l a n c e d   d o u b l e  

j e t   (BDJ)  m e t h o d .   In  t h e   s p l a s h   m e t h o d ,   a l l   of  t h e  

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

t o g e t h e r   w i t h   t he   p r o t e c t i v e   c o l l o i d   ( e . g . ,   g e l a t i n )  

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

is   t h e n   a d d e d   to  t h i s   m i x t u r e .   The  s i l v e r   n i t r a t e  

can   be  a d d e d   a l l   a t   o n c e ,   g r a d u a l l y   o v e r   a  p e r i o d   o f  

t i m e   or  in   s e v e r a l ,   f i n i t e   " s p l a s h e s " .   In  t h e   BDJ 

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

s o l u t i o n   a r e   a d d e d   s i m u l t a n e o u s l y   to   a  s o l u t i o n   o f  

g e l a t i n   in  t he   m i x i n g   v e s s e l .  

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

c r e a t e s   an  i n c r e a s e d   number   of  s o - c a l l e d   " c r y s t a l  
l a t t i c e   d e f e c t s "   in  w h i c h   a  number   of  i o n s   a r e   n o t  

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

n e t w o r k .   E m u l s i o n s   made  f r o m   t h e s e   c r y s t a l s   can   b e  

u s e d   to  make  f i l m s   w h i c h   e x h i b i t   i m p r o v e d  



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

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

c r y s t a l s   t h a t   have   few  or  no  l a t t i c e   d e f e c t s   o r  

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

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

u n i f o r m   d i s t r i b u t i o n   of  p a r t i c l e   s i z e s .   In  s o m e  

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

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

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

f i e l d ,   a  h i g h   g r a d i e n t   is   n e c e s s a r y   and  a  w i d e  

d i s t r i b u t i o n   of  p a r t i c l e   s i z e s   i s   n o t   t o l e r a b l e .  

On  t he   o t h e r   hand   p r o d u c t i o n   of  s i l v e r  

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

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

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

d e f e c t s   and  t h u s   w i l l   n o t   be  as  i n h e r e n t l y   f a s t   a s  

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

I t   is   a l s o   known  to  use   a  s e e d   e m u l s i o n   w i t h  

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

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

The  s i l v e r   h a l i d e   t h e n   f o r m s   on  t h e s e   s e e d s   a n d  

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

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

i t   was  t h o u g h t   t h a t   u n i f o r m   g r a i n s   w i t h   h i g h   i n t e r n a l  

d e f e c t s   c o u l d   no t   be  p r o d u c e d .  

SUMMARY  OF  THE  INVENTION 

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

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

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

a  s p l a s h   m e t h o d   to  an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   ( a )  

one  or  more  a l k a l i   h a l i d e s   in  a  p r o t e c t i v e   c o l l o i d ,  

and  (b)  m o n o d i s p e r s e   s i l v e r   h a l i d e   s e e d   c r y s t a l s .  
The  a d d i t i o n   of  m o n o d i s p e r s e   s e e d   c r y s t a l s ,  

t h e m s e l v e s   made  by  t he   BDJ  p r o c e s s ,   to  a  

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



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

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

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

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

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

c o n t r o l l e d   by  t he   s i z e ,   n u m b e r ,   and  d i s t r i b u t i o n   o f  

the   s e e d   c r y s t a l s   in  t h e   ge l   s a l t s ,   and  by  t he   t o t a l  

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

Thus  i t   i s   p o s s i b l e   to  v a r y   t h e   g r a i n   s i z e  

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

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

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

r a n g e   of  p a r t i c l e   s i z e s .   A  c o m b i n a t i o n   of  t h e   t w o  

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

t h e   t e a c h i n g s   of  t h i s   i n v e n t i o n .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  p r o c e s s   of  t h i s   i n v e n t i o n   i s   a p p l i c a b l e  

to  t h e   m a n u f a c t u r e   of  any  of  t h e   c o n v e n t i o n a l l y  

p r e p a r e d   s i l v e r   h a l i d e s   s u c h   as  s i l v e r   b r o m i d e .  

c h l o r i d e ,   i o d i d e ,   or  m i x t u r e s   t h e r e o f .   Any  of  t h e  

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

may  a l s o   be  u s e d ,   as  w e l l   as  w a t e r - p e r m e a b l e   o r  

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

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

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

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

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

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

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

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

C o n v e n t i o n a l l y ,   t he   d e s i r e d   a l k a l i   m e t a l  

h a l i d e s   ( s a l t s )   a r e   a d d e d   to  an  a q u e o u s   d i s p e r s i o n   o f  

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

h a l i d e   s e e d   c r y s t a l s   of  t he   d e s i r e d   s i z e   a l r e a d y  



p r e p a r e d   by  a  BDJ  p r o c e s s ,   and  c o m m e n c e s   s t i r r i n g .  

At  a  d e s i r e d   t i m e   and  t e m p e r a t u r e ,   a q u e o u s   s i l v e r  

n i t r a t e   is   a d d e d   by  t he   s p l a s h   m e t h o d .   T h i s   may  b e  

a c c o m p l i s h e d   w i t h   two  q u i c k   s p l a s h e s   of  a b o u t   3 0  

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

f o l l o w e d   by  a  q u i c k   s p l a s h ,   or  by  a  s i n g l e   l o n g  

s p l a s h .   T h e s e   p r o c e d u r e s   a r e   w e l l   known  to  t h o s e  

s k i l l e d   in  t h e   a r t .   In  y e t   a n o t h e r   e m b o d i m e n t   s o m e  

of  t h e   a l k a l i   m e t a l   h a l i d e   can   be  a d d e d   to  t h e  

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

a d d e d   a f t e r   some  of  t h e   s i l v e r   n i t r a t e   has  b e e n   a d d e d .  

The  s e e d   c r y s t a l s ,   as  p r e v i o u s l y   s t a t e d ,   a r e  

made  by  t he   BDJ  p r o c e s s   f o l l o w i n g   t h o s e   w e l l - k n o w n  

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

p o s s i b l e   to  make  g r a i n s   of  any  a v e r a g e   p a r t i c l e   s i z e  

d i s t r i b u t i o n   and  s e l e c t   one  to  be  u s e d   as  d e s i r e d   i n  

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

be  a l s o   made  of  any  of  t h e   c o n v e n t i o n a l   h a l i d e s   s u c h  

as  s i l v e r   b r o m i d e ,   s i l v e r   i o d o b r o m i d e ,   s i l v e r  

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

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

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

as  is   w e l l   k n o w n .  

A f t e r   t h e   s i l v e r   h a l i d e s   have   b e e n  

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

f u r t h e r   to  a c h i e v e   t h e   d e s i r e d   c r y s t a l   s i z e s .   A f t e r  

t h i s   p o i n t ,   t h e   e m u l s i o n   is   f u r t h e r   " b u l k e d "   w i t h  

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

s e n s i t i z a t i o n   can   be  a c c o m p l i s h e d   as  is   w e l l   k n o w n .  

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

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

may  be  a d d e d .   The  e m u l s i o n   can  t h e n   be  c o a t e d   on  a n y  

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

f o r   e x a m p l e ,   p o l y e t h y l e n e   t e r e p h t h a l a t e   f i l m ,  

s u i t a b l y   s u b b e d   ( s u b c o a t e d )   to  r e c e i v e   t h e   s i l v e r  



h a l i d e   e m u l s i o n   c o a t i n g .   The  c o a t e d   e m u l s i o n   may  b e  

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

as  h a r d e n e d   g e l a t i n .   T h e s e   f i l m s   may  be  u s e d   in  a n y  
of  t he   c o n v e n t i o n a l   w a y s ,   f o r   e x a m p l e ,   as  X - r a y   o r  

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

d e p e n d s   on  t h e   way  t h e   p r o d u c t   s t r u c t u r e   i s  

m a n u f a c t u r e d .  

T h i s   i n v e n t i o n   w i l l   now  be  i l l u s t r a t e d   b y  

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   of  w h i c h   E x a m p l e   6  i s  

c o n s i d e r e d   to  r e p r e s e n t   t h e   b e s t   m o d e .  

EXAMPLE  1 

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

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

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

as  d e t e r m i n e d   by  a  S i l v e r   H a l i d e   E l e c t r o l y t i c  

P a r t i c l e   S i z e   A n a l y z e r .   ( R e f .   A.  B.  H o l l a n d   and  J .   R .  

S a w e r s ,   P h o t o q r .   S c i .   Enq .   17,  295  ( 1 9 7 3 )   was  a s  

f o l l o w s :  

T h e s e   s e e d   c r y s t a l s   of  s i l v e r   b r o m i d e   and   A g ( I ) B r .  

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

t h e   p r e c i p i t a t i o n   p r o c e s s ,   were   r e d i s p e r s e d   b y  

s t i r r i n g   in  g e l a t i n   and  w a t e r   f o r   a b o u t   3  h o u r s   a n d  

t he   pH  a d j u s t e d   to  a b o u t   6 . 3 - 6 . 7 .   T h e s e   s e e d s   w e r e  

t h e n   u s e d   at   a p p r o x i m a t e l y   0 . 0 9   m o l e s   pe r   0 . 5 1   m o l e s  

of  added   s i l v e r   n i t r a t e   (18%)  to  s e e d   e m u l s i o n s   m a d e  

by  t he   s p l a s h   t e c h n i q u e   u s i n g   t h e   f o l l o w i n g   s o l u t i o n s  

and  p r o c e d u r e :  



S o l u t i o n   A  was  p l a c e d   in   a  m i x i n g   v e s s e l   and  h e a t e d  

to  1 0 5 ° F   w i t h   s t i r r i n g .   S o l u t i o n   B  was  t h e n   a d d e d   t o  

A  o v e r   a  30  s e c o n d   p e r i o d   ( f i r s t   " s p l a s h "   of  s i l v e r  

n i t r a t e ) .   T h i s   m i x t u r e   was  r i p e n e d   5  min .   a t   1 0 5 ° F  

and  t h e n   s o l u t i o n   C  a d d e d   t h e r e t o   o v e r   a  30  s e c o n d  

p e r i o d   ( s e c o n d   " s p l a s h "   of  s i l v e r   n i t r a t e ) .   A f t e r  

r i p e n i n g   t h i s   m i x t u r e   f o r   8  m i n u t e s ,   s o l u t i o n   D  w a s  

a d d e d   to   s t o p   t he   r i p e n i n g   p r o c e s s .   The  c o a g u l a n t  

was  t h e n   a d d e d   to  c o a g u l a t e   t he   g e l a t i n o - s i l v e r  

h a l i d e   as  " c u r d s "   and  t h e s e   c u r d s   we re   t h e n   w a s h e d   t o  



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

and  d e c a n t i n g   to  r e m o v e   t h e   w a t e r   and  s a l t s .   The  G 

s o l u t i o n   was  a v a i l a b l e   to   a d j u s t   t h e   pH  to  3 . 0 .   F o r  

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

was  a l s o   run   ( S a m p l e   5 ) .   S a m p l e s   of  t h e   e m u l s i o n  

w e r e   t h e n   a n a l y z e d   u s i n g   t h e   P a r t i c l e   S i z e   A n a l y z e r .  

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

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

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

t h e   same  v o l u m e   as  t h e   c o n t r o l   a n d ,   more   i m p o r t a n t l y ,  

t h a t   t h e s e   e m u l s i o n s   w e r e   more   u n i f o r m   t h a n   t h e  

c o n t r o l .   The  c o n t r o l   e m u l s i o n   was  no t   u n i f o r m   a n d  

had  a  w i d e r   d i s t r i b u t i o n   of  g r a i n   s i z e s .  

EXAMPLE  2 

F o u r   a d d i t i o n a l   s p l a s h - p r e p a r e d   s i l v e r  

i o d o b r o m i d e   e m u l s i o n s   w e r e   made .   In  t h r e e   of  t h e s e  

e m u l s i o n s ,   s e e d s   of  0 . 0 6 8  µ 3 ,   o g = 1 . 3 4 ,   s i l v e r  

i o d o b r o m i d e   (2%  i o d i d e )   w e r e   u s e d   in  v a r y i n g  

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

to  E x a m p l e   1  e x c e p t   f o r   t h e   a m o u n t   of  t he   f i r s t  

s i l v e r   s p l a s h   (30%  vs  ca .   27%  in  E x a m p l e   1)  and  t h e  

a m o u n t   of  s e e d s   u s e d   w h i c h   was  as  f o l l o w s :  



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

by  s p l a s h   t e c h n i q u e s ,   t he   p a r t i c l e   s i z e s   w e r e  
e x a m i n e d   and  e l e c t r o n   m i c r o g r a p h s   t a k e n .   S a m p l e s   2 

and  3,  t h e   s a m p l e s   of  t h i s   i n v e n t i o n ,   e x h i b i t e d  

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

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

t h a t   up  to   0 .2   m o l e s   of  s e e d s / m o l e   of  AgN03  can  b e  

t o l e r a t e d .  

EXAMPLE  3 

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

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

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

p r e p a r e d   as  d e s c r i b e d   in  E x a m p l e   1.  The  s e e d s   u s e d  

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

of  E x a m p l e   2.  The  a d d i t i o n   of  t h e   s i l v e r   n i t r a t e  

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

b e l o w :  

T h e s e   e m u l s i o n s   w e r e   t h e n   b r o u g h t   to  t h e i r   o p t i m u m  

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

w e l l   known  to  t h o s e   s k i l l e d   in  t h e   a r t .   A f t e r   t h e  



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

h a r d e n e r s ,   e t c .   e a c h   e m u l s i o n   was  t h e n   c o a t e d   o n  

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

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

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

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

w e i g h t s   w e r e   a b o u t   47  mg  A g B r / d m 2 .   S a m p l e   s t r i p s  

f rom  e a c h   c o a t i n g   w e r e   s a n d w i c h e d   b e t w e e n   two  C r o n e x ®  

H i P l u s   s c r e e n s   and  e x p o s e d   to  an  X - r a y   s o u r c e  

o p e r a t e d   a t   60  Kvp,  100  ma  a t   40  i n c h e s   f o r   4 0  

m i l l i s e c o n d s   t h r o u g h   a  2 √ 2  a l u m i n u m   s t e p   w e d g e .  

They  w e r e   t h e n   p r o c e s s e d   in   a  s t a n d a r d  

h y d r o q u i n o n e / p h e n i d o n e   m i x e d   d e v e l o p e r ,   f o l l o w e d   b y  

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

S e n s i t o m e t r y   o b t a i n e d   was  as  f o l l o w s :  

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

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

v a r i e t y   of  g r a i n   s i z e s   w h i l e   t h o s e   of  t he   i n v e n t i o n  

were   more  u n i f o r m   and  had  p a r t i c l e   s i z e s   c l o s e   t o  

t h a t   of  t h e   c o n t r o l   g r a i n s .   One  can   see   t h a t   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   p r o d u c e d   b e t t e r   g r a d i e n t s  

in  t he   t o e   r e g i o n   t h e n   t h e   c o n t r o l .  

EXAMPLE  4 

F o u r   s p l a s h - p r e p a r e d   e m u l s i o n s   we re   made  f o r  

t h i s   e x a m p l e   as  t a u g h t   in  E x a m p l e   1.  The  t h r e e  

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

g r a i n s   i d e n t i c a l   to  t h o s e   of  E x a m p l e   2  a d d e d   a t   0 . 2  

m o l e / m o l e   of  a d d e d   AgN03.  V a r i a t i o n s   in  t h e   m a k i n g  

p r o c e d u r e s   were   as  f o l l o w s :  



S i l v e r   h a l i d e   c o m p o s i t i o n   AgIBr   ( 4 t   f o d i d e ) .  

Added   ammon ia   to  A  s o l u t i o n   a l o n e .  

I o d i d e   a d d i t i o n  -   1/2  to   A  s o l u t i o n ,   1 / 2  

a d d e d   a f t e r   1 s t   s i l v e r   n i t r a t e   s p l a s h .  

T h e  %   s i l v e r   in   t h e   f i r s t   s p l a s h   was  v a r i e d   as  s h o w n  

b e l o w .   A  C o n t r o l   (no  s e e d s )   was  a l s o   e m p l o y e d .   T h e  

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

o v e r c o a t e d ,   d r i e d ,   e x p o s e d   and  p r o c e s s e d   as  d e s c r i b e d  

in  E x a m p l e   3 .  T h e   f o l l o w i n g   r e s u l t s   w e r e   o b t a i n e d :  

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

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

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

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

g r a d i e n t s   b u t   s o m e w h a t   l o w e r   s p e e d s .   And,  in  a l l  

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

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

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

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

t h a n   t h e   c o n t r o l s .   T h e s e   e x p e r i m e n t s ,   t h e n ,  

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

t h i s   i n v e n t i o n .  

EXAMPLE  5 

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

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

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

E x a m p l e   1  e x c e p t   t h a t   s e e d s   we re   a d d e d   to   one  and  t h e  



o t h e r   ( C o n t r o l )   p r e p a r e d   w i t h o u t   s e e d s .   The  t y p e   o f  

s e e d s   and  a m o u n t   was  as  d e s c r i b e d   in  E x a m p l e   2 .  

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

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

p a r t i c l e   s i z e   and  e x a m i n a t i o n   by  e l e c t r o n  

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

of  t h i s   i n v e n t i o n   ( s e e d e d )   r i p e n e d   f a s t e r   t h a n   t h e  

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

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

Time  ( m i n u t e s   a f t e r   b e g i n n i n g   a d d i t i o n   of  1 s t   Ag 

s o l u t i o n )   t he   s e c o n d   s i l v e r   s o l u t i o n   is   a d d e d   a t  

5  m i n .  

EXAMPLE  6 

In  a  l i k e   m a n n e r   two  more   s p l a s h - p r e p a r e d  

e m u l s i o n s   we re   made  f o l l o w i n g   p r o c e d u r e s   p r e v i o u s l y  

d e s c r i b e d .   In  t h i s   c a s e ,   t h e   p r o c e d u r e s   we re   a s  

d e s c r i b e d   in  E x a m p l e   4,  S a m p l e   1  e x c e p t   t h a t   1/2  I -  

a d d e d   to   "A",  1 /2   I-  a d d e d   to  mix  v e s s e l   o v e r   7  m i n u t e s  

b e g i n n i n g   w i t h   t he   l s t   s i l v e r   s p l a s h .   One  e m u l s i o n  

had  s e e d s :   t h e   o t h e r   was  t h e   c o n t r o l .   A f t e r   r i p e n i n g  

and  r e d i s p e r s i n g   the   e m u l s i o n ,   t h e   e m u l s i o n s   w e r e  

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

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

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

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

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

have   w i d e r   s e n s i t i z a t i o n   l a t i t u d e   t h a n   t h e   c o n t r o l .  

R e s u l t s   w e r e   as  f o l l o w s :  



S e n s i t i z a t i o n   c o n d i t i o n s :  

1 .3   mg  A u C l 3 / m o l e   Ag;  0 . 1   g  N a S C N / m o l e   Ag  f o r   b o t h ;  

E x p o s u r e ,   d e v e l o p m e n t   c o n d i t i o n s :  
Kodak  Mode l   101  p r o c e s s   and  c o n t r o l   s e n s i t o m e t e r ,   1 / 5  
s e c .   e x p o s u r e   t h r o u g h   2 √ 2   s t e p w e d g e ;   d e v e l o p e d  
in  HSD  a t   84°F   f o r   90  s e c o n d s .  

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

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

EXAMPLE  7 

A  d i r e c t   p o s i t i v e   e m u l s i o n   was  made  f r o m  

s i l v e r   i o d o b r o m i d e   p r e c i p i t a t e d   by  s p l a s h   p r o c e d u r e s  
in  t he   p r e s e n c e   of  A g ( I ) B r   s e e d   c r y s t a l s .   T h r e e  

e m u l s i o n s   w e r e   made .   One,  t h e   c o n t r o l ,   had  no  s e e d s :  

number   two  had  s e e d s   of  0 . 0 0 8 6 µ 3   p r e s e n t ;   a n d  

number   t h r e e   had  s e e d s   of  0 . 0 3 7 8 µ 3 .   T h e s e  



e m u l s i o n s   we re   r e d i s p e r s e d   in  g e l a t i n ,   f o g g e d   w i t h  

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

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

e m u l s i o n   was  c o a t e d   on  a  s u p p o r t   as  p r e v i o u s l y  

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

w i t h   an  EG  and  G  s e n s i t o m e t e r   to  a  t u n g s t e n   f l a s h   f o r  
1 0 - 2   s e c o n d s .   T h e s e   s t r i p s   we re   t h e n   d e v e l o p e d   i n  

DP-2  f o r   90  s e c o n d s   f o l l o w e d   by  f i x i n g ,   w a s h i n g   a n d  

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

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

EXAMPLE  8 

An  e m u l s i o n   was  made  f o l l o w i n g   s p l a s h  

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

s i t u   u s i n g   BDJ  t e c h n i q u e s .   The  p r o c e s s   was  a s  
f o l l o w s :  

•  p r e p a r a t i o n   of  m o n o d i s p e r s e   A g I B r C l   ( c a .  

0.5%  1.  18.8%  Br  and  80.7%  C l ) .  

The  f i r s t   50%  of  t h e   v o l u m e   is   a  

m o n o d i s p e r s e   BDJ  mix  a t   1 2 0 ° F ,   pAg  6 . 1 7   w i t h :  

a)  0 - 1 . 7 %  -   s i n g l e   j e t   a d d i t i o n   of  3N 

AgNO3  to  s e e d .  

b)  1 . 7 - 3 7 . 5 %  -   BDJ  p r e c i p i t a t i o n   w i t h   1 . 3 %  

I- ,  52%  Br-  ,   46 .7%  C l   and  e n o u g h  

r h o d i u m   c h l o r i d e   f o r   0 . 2 µ   M / u n i t  

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

c)  3 7 . 5 - 5 0 %  -   BDJ  p r e c i p i t a t i o n  w i t h   100% 

C l .  

At  t h i s   p o i n t   a n a l y s i s   by  P a r t i c l e   S i z e  

A n a l y z e r   showed   c r y s t a l s   w i t h   V  =   0 . 0 0 5 6 µ 3   a n d  

σ g = 1 . 4 0 .  

N e x t ,   t h e   t e m p e r a t u r e   was  r e d u c e d   to  1 1 0 ° F  

and  KC1  was  a d d e d   r a p i d l y   ( 1 . 4   X  t h e   a m o u n t   o f  

AgN03  r e m a i n i n g   to  be  a d d e d ) .   The  t e m p e r a t u r e  

d r o p p e d   to  100°F   and  pAg  was  9 . 9 6 .   A f t e r   1  m i n u t e ,  



AgNO3  ( r e m a i n i n g   50%  of  v o l u m e )   was  a d d e d   and  t h e  

r e s u l t i n g   e m u l s i o n   s t i r r e d   5  m i n u t e s .   T h e  

t e m p e r a t u r e   was  108°F   a f t e r   t h e   AgNO3  a d d i t i o n   a n d  

d r o p p e d   to   104°F   a f t e r   5  min .   The  pAg  was  7 . 6 5 .  

T h i s   f i n a l   e m u l s i o n   was  a n a l y z e d   by  P a r t i c l e  

S i z e   A n a l y z e r   and  f o u n d   to   c o n t a i n   c r y s t a l s   w i t h  
V = 0 . 0 1 5 0 µ 3   and  o g = 1 . 5 5 .  

EXAMPLE  9 

A  s a m p l e   of  BDJ  p r e p a r e d   s e e d s   ( A g I B r ,  

2.5%  1 -  -   w i t h   a  g r a i n   s i z e   of  ca .   0 . 0 3 7 8 µ 3 )  

was  p l a c e d   in  a  m i x i n g   k e t t l e   and  s u f f i c i e n t  

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

to  A g I .   A  s p l a s h - p r e c i p i t a t i o n   p r o c e s s   ( s e e   E x a m p l e  

1)  was  t h e n   run   on  t h e s e   s e e d s .   F i l m s   made  f r o m   t h i s  

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

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

s e n s i t o m e t r i c   r e s u l t s .   The  g r a i n s   were   a n a l y z e d   a n d  

f o u n d   to   be  u n i f o r m   in  s i z e   and  s h a p e .  

EXAMPLE  1 0  

A  s a m p l e   of  BDJ  p r e p a r e d   s e e d s   (Ag  1.5%  I -  

98.5%  B r - ,   w i t h   a  g r a i n   s i z e   o f   0 . 0 4 µ 3 )   w a s  

p r e p a r e d .   S o l u t i o n s   f o r   s p l a s h   p r e p a r a t i o n   of  A g I B r  

(2%  I - )   w e r e   made  up  as  f o l l o w s :  



P r o c e d u r e :  
•  5  min.   b e f o r e   l s t   s i l v e r ,   add  s e e d s   to  A 

s o l u t i o n .  
•  1  min.   b e f o r e   1 s t   s i l v e r ,   add  191  cc  of  12M 

NH40H  to  B  s o l u t i o n .  
•  At  t ime   =  0,  add  B  to  A  in  30  s e c o n d s .  
•  At  t ime   =  3  min .   add  C  to  A  in  15  s e c o n d s .  
•  At  t i m e  =   9  m i n . ,   s t o p   r i p e n i n g   w i t h   124  c c  

g l a c i a l   a c e t i c   a c i d  
•  C o a g u l a t i o n   and  wash   p r o c e d u r e s   as  d e s c r i b e d  

in  E x a m p l e   1 .  



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

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

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

c o a t e d   and  o v e r c o a t e d   as  p r e v i o u s l y   d e s c r i b e d .   F o r  

c o n t r o l   p u r p o s e s ,   an  e l e m e n t   was  made ,   s e n s i t i z e d ,  

and  c o a t e d   u n d e r   t h e   same  c o n d i t i o n s   b u t   w i t h o u t   t h e  

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

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

f i x e d ,   w a s h e d   and  d r i e d   as  p r e v i o u s l y   e x p l a i n e d   w i t h  

t h e   f o l l o w i n g   s e n s i t o m e t r y :  

One  can   s ee   t h a t   t h e   f i l m   p r e p a r e d   f r o m   t he   e m u l s i o n  

made  f o l l o w i n g   t h e   t e a c h i n g s   of  t h i s   i n v e n t i o n   h a d  

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

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

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

in  s i z e   and  s h a p e .  

EXAMPLE  1 1  

F o l l o w i n g   t h e   p r o c e d u r e s   of  E x a m p l e   1  t w o  

a d d i t i o n a l   s p l a s h - p r e p a r e d   e m u l s i o n s   we re   m a d e  

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

u s e d .   In  one  c a s e ,   t h e   BDJ  p r e p a r e d   s e e d s   we re   A g I B r  

s e e d s   of  a b o u t   0 . 0 6 u 3   ( c a .   2.5%  I - )   and  in   t h e  

s e c o n d   c a s e   were   A g I B r   s e e d s   of  a b o u t   0 . 0 3 9 µ 3   ( c a  

2 . 5 % I - ) .   The  e m u l s i o n s   w e r e   a n a l y z e d   by  p a r t i c l e  

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

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

can  u se   f a i r l y   l a r g e   s e e d   g r a i n s   w i t h i n   t h e   a m b i t   o f  

t h i s   i n v e n t i o n .  



EXAMPLES  12  and  13  

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

e m u l s i o n s   were   made  u s i n g   B D J - p r e p a r e d   s e e d s   of  A g I B r  

( c a .   2 . 5 % I - )   and  a d d i t i o n a l l y   c o n t a i n i n g   s m a l l  

a m o u n t s   of  r h o d i u m   (EX.  12)  or  l e a d   (EX.  1 3 ) .   T h e  

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

and  i s   f u l l y   d e s c r i b e d   in  U . S .   P a t .   4 . 2 2 1 , 8 6 3  

( O v e r m a n .   S h e e t o ) .   T h e s e   s p l a s h - p r e p a r e d   e m u l s i o n s  

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

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

of  g r a i n .  

EXAMPLE  14  

Two  m i x e s :   c o n t r o l ,   n o r m a l   s p l a s h   mix :   E x p e r i m e n t a l  

( s e e d e d ) ,   made  as  in  E x a m p l e   4,  S a m p l e   1,  e x c e p t   t h a t  

1 /2   I -   a d d e d   to  "A"  s o l u t i o n ,   1 /2   I -   a d d e d   o v e r   7 

min .   b e g i n n i n g   w i t h   a d d i t i o n   of  1 s t   s i l v e r   s o l u t i o n .  

R e s u l t s ,   a f t e r   e x p o s u r e   and  d e v e l o p m e n t   as  in   Ex.  6 :  



T h i s   r e s u l t   shows   h i g h e r   g r a d i e n t   and  s l i g h t l y   h i g h e r  

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

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

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



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

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

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

an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   (a)   one  or  more  a l k a l i  

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

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

2.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   t h e  

m o n o d i s p e r s e   s e e d   c r y s t a l s   (b)  a r e   p r e p a r e d   by  a  

b a l a n c e d   d o u b l e   j e t   p r o c e s s .  

3.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   a  p o r t i o n  

of  t h e   a l k a l i   m e t a l   h a l i d e   i s   a d d e d   i n i t i a l l y ,   a n d  

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

n i t r a t e   has   been   a d d e d .  

4.  A  g e l a t i n o - s i l v e r   h a l i d e   e m u l s i o n  

p r o d u c e d   by  t h e   p r o c e s s   of  c l a i m   1 .  


	bibliography
	description
	claims

