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gj>  High  contrast  photographic  elements  exhibiting  reduced  stress  sensitivity. 

g)  A  negative  working  photographic  element  is  disclosed 
capable  of  producing  a  high  contrast  silver  image.  The  photo- 
graphic  element  is  comprised  of  surface  latent  image  forming 
monodispersed  silver  halide  grains  having  a  mean  diameter  of 
teas  than  0.7  urn,  a  contrast  enhancing  arylhydrazide,  and,  in 
an  amount  sufficient  to  reduce  pressure  sensitivity,  a  benzene 
which  is  polyhydroxy  substituted. 
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HIGH  CONTRAST  PHOTOGRAPHIC  ELEMENTS 

EXHIBITING  REDUCED  STRESS  S E N S I T I V I T Y  

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

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   c a p a b l e   o f  

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

c o n t r a s t .  

I t   is   o f t e n   d e s i r a b l e   to  p r o d u c e   b l a c k - a n d -  

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

maximum  d e n s i t y   a r e a s   and  min imum  d e n s i t y   a r e a s .   F o r  

s u c h   i m a g i n g   a p p l i c a t i o n s   a  c o n t r a s t   of  a t   l e a s t   1 0  

( h e r e i n   r e f e r r e d   to  as  h i g h   c o n t r a s t )   and  m o r e  

t y p i c a l l y   n e a r   or  a b o v e   20  i s   e m p l o y e d .   An  e x a m p l e  

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

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

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

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

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

20  l i t h   f i l m s ,   so  c a l l e d   b e c a u s e   t h e y   a r e   u s e d   a s  

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

p r i n t i n g   p l a t e s .   The  i l l u s i o n   t h a t   some  a r e a s   of  a  

p r i n t e d   image   a r e   of  i n t e r m e d i a t e   d e n s i t y   i s   c r e a t e d  

by  t he   v i e w e r ' s   i n a b i l i t y   to  r e s o l v e   t i n y   d o t s   o f  

25  maximum  d e n s i t y   and  b a c k g r o u n d   a r e a s   of  m i n i m u m  

d e n s i t y   t h a t   s e p a r a t e   t h e m .   Such  i m a g e s   a r e   r e f e r r e d  

to  as  h a l f t o n e   i m a g e s .  

The  use   of  h y d r a z i n e s   in  n e g a t i v e   w o r k i n g  

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

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

c o n t r a s t   is   t a u g h t   by  t h e   f o l l o w i n g   p a t e n t :  

R - l   T r i v e l l i   e t   a l   U .S .   P a t e n t   2 , 4 1 9 , 9 7 5 .  

I n c r e a s e d   c o n t r a s t   a t t r i b u t a b l e   to  h y d r a z i n e s   i n  

n e g a t i v e   w o r k i n g   s u r f a c e   l a t e n t   image   f o r m i n g   s i l v e r  

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

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

p r e f e r r e d   f o r   t h e i r   h i g h e r   e f f e c t i v e n e s s   in  i n c r e a s -  
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ing   c o n t r a s t   a r e   a r y l h y d r a z i d e s .   The  a c y l   m o i e t y   o f  

a r y l h y d r a z i d e s   i n c r e a s e s   a c t i v i t y   w h i l e   t he   a r y l  

m o i e t y   a c t s   to  i n c r e a s e   s t a b i l i t y .   A  p a t e n t  

l i t e r a t u r e   summary   of  a r y l h y d r a z i d e s   e m p l o y e d   t o  

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

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

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

R-2  R e s e a r c h   D i s c l o s u r e ,   Vo l .   235 ,   N o v e m b e r  

1983 ,   I t e m   2 3 5 1 0 .  

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

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

E n g l a n d .  

N e g a t i v e   w o r k i n g   p h o t o g r a p h i c   e l e m e n t s  

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

15  h a v e   had  h y d r o q u i n o n e s   i n c o r p o r a t e d   t h e r e i n   f o r  

v a r i e d   p u r p o s e s .   The  i n c o r p o r a t i o n   of  h y d r o q u i n o n e s  
—2 

in  c o n c e n t r a t i o n s   of  f rom  5  X  10  to  5  m o l e / A g  

mole   to  a c t   as  d e v e l o p i n g   a g e n t s   is   t a u g h t   in  t h e  

f o l l o w i n g   p a t e n t :  

20  R-3  T a k a g i   e t   a l   U .S .   P a t e n t   4 , 3 8 5 , 1 0 8 .  

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

q u i n o n e s   to  i m p r o v e   do t   q u a l i t y   and  s c r e e n   r a n g e   i n  

h a l f t o n e   i m a g i n g   is   t a u g h t   in  t h e   f o l l o w i n g   p a t e n t :  

R-4  A k i m u r a   e t   a l   U .S .   P a t e n t   4 , 3 3 2 , 1 0 8 .  

25  The  i n c o r p o r a t i o n   of  s u b s t i t u t e d   h y d r o q u i n o n e s ,  

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

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

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

f o l l o w i n g   p a t e n t :  

30  R-5  M i f u n e   e t   a l   U .S .   P a t e n t   4 , 3 7 7 , 6 3 4  

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

phy  t h a t   u n e v e n l y   a p p l i e d   p r e s s u r e   can   r e s u l t   i n  

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

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

35  is   r e f e r r e d   to  as  p r e s s u r e   s e n s i t i v i t y .   In  s o m e  

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

g r a i n s   is   i n c r e a s e d ,   b u t   more  commonly   t he   s i l v e r  
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h a l i d e   g r a i n s   a r e   d e s e n s i t i z e d .   P r e s s u r e   d e s e n s i t l -  
z a t i o n   has   b e e n   mos t   o f t e n   o b s e r v e d   in  l a r g e   f o r m a t  

p h o t o g r a p h i c   e l e m e n t s ,   w h i c h   a r e   more   s u s c e p t i b l e   t o  
k i n k i n g .   E x a m p l e s   of  a d d e n d a   w h i c h   h a v e   b e e n  
i n t r o d u c e d   to  r e d u c e   p r e s s u r e   d e s e n s i t i z a t l o n   a r e   t h e  
f o l l o w i n g :  

R-6  R e s e a r c h   D i s c l o s u r e .   V o l .   176 ,   D e c e m b e r  

1 9 7 8 ,   I t e m   1 7 6 4 3 ,   S e c t i o n   VI,   K;  a n d ,  
R-7  R e s e a r c h   D i s c l o s u r e .   V o l .   184 ,   A u g u s t   1 9 7 9 ,  

I t e m   1 8 4 3 1 ,   S e c t i o n   I I ,   H.  

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

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

e n h a n c i n g   a r y l h y d r a z i d e ,   and  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   l a y e r   c o m p r i s e d   of  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   m o n o d i s p e r s e d   s i l v e r   h a l i d e   g r a i n s   h a v i n g   a  
mean  d i a m e t e r   of  l e s s   t h a n   0 .7   y w .  

T h i s   o b j e c t   i s   a c h i e v e d   when  t h e   p h o t o -  

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

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

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

b e n z e n e ,   p r o v i d e d   t h a t   any  1  ,4—  d i h y r o x y b e n z e n e  
p r e s e n t   i s   o t h e r w i s e   u n s u b s t i t u t e d   or  o n l y   s u l f o  
s u b s t i t u t e d   and  p r e s e n t   in  a  c o n c e n t r a t i o n   of  l e s s  

—2 t h a n   5  X  10  mole   p e r   s i l v e r   m o l e .  
I t   has   b e e n   o b s e r v e d   t h a t   n e g a t i v e   w o r k i n g  

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

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

c o n t a i n i n g   s u r f a c e   l a t e n t   image   f o r m i n g   m o n o d i s p e r s e d  
s i l v e r   h a l i d e   g r a i n s   h a v i n g   a  mean  d i a m e t e r   of  l e s s  
t h a n   0 .7   um  e x h i b i t   p r e s s u r e   s e n s i t i v i t y   a n d ,   m o r e  
s p e c i f i c a l l y ,   an  i n c r e a s e   in  d e n s i t y   r e s u l t i n g   f r o m  
t h e   l o c a l i z e d   a p p l i c a t i o n   of  p r e s s u r e .  

The  p r e s e n t   i n v e n t i o n   has   as  one  of  i t s  

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

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

b e n z e n e .   S i n c e   p h e n o l   ( m o n o h y d r o x y b e n z e n e )   i s  

i n e f f e c t i v e   to  r e d u c e   p r e s s u r e   s e n s i t i v i t y ,   i t   i s  

5  b e l i e v e d   t h a t   t he   e f f e c t i v e n e s s   of  p o l y h y d r o x y -  

b e n z e n e s   is   r e l a t e d   to  t h e i r   a c t i v i t y   as  m i l d  

r e d u c i n g   a g e n t s .   The  mos t   a c t i v e   r e d u c i n g   a g e n t s ,  

t h e   1 , 4 - d i h y d r o x y b e n z e n e s ,   a r e   e f f e c t i v e   a t   c o n c e n -  
_ 2  

t r a t i o n s   b e l o w   5  X  10  mole   p e r   s i l v e r   mole   a n d  

L0  t h e r e f o r e   n e e d   n o t   be  e m p l o y e d   a b o v e   t h i s   c o n c e n t r a -  

t i o n   l e v e l .   The  o t h e r   p o l y h y d r o x y b e n z e n e s   ,  to  t h e  

e x t e n t   t h a t   t h e y   a r e   w e a k e r   r e d u c i n g   a g e n t s ,   can  b e  

e x p e c t e d   to  o f f e r   f u r t h e r   r e d u c t i o n s   in  p r e s s u r e  

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

L5  as  t h e   p o l y h y d r o x y b e n z e n e   c o n c e n t r a t i o n   i n c r e a s e s ,  

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

i n c r e a s e s .   P o l y h y d r o x y b e n z e n e   c o n c e n t r a t i o n s   a r e  

t h e r e f o r e   p r e f e r a b l y   l i m i t e d   to  l e s s   t h a n   30  X  10  

mole   p e r   s i l v e r   mole   and  o p t i m a l l y   to  l e s s   t h a t   15  X 

30  io  mole   p e r   s i l v e r   m o l e .  

The  p o l y h y d r o x y b e n z e n e   can   mos t   c o n v e n i e n t l y  

t a k e   t he   fo rm  of  a  d i h y d r o x y b e n z e n e ,   s u c h   as  a  

1 . 2 -   d i h y d r o x y b e n z e n e   —  i . e . ,   a  p y r o c a t e c h o l   ;  a  

1  .  3-   d i h y d r o x y b e n z e n e   —  i . e . ,   a  r e s o r c i n o l ;   or  a  

25  1 , 4 - d i h y d r o x y b e n z e n e   —  i . e . ,   a  h y d r o q u i n o n e .   B e n z e n e s  

h a v i n g   t h r e e   or  more   h y d r o x y   s u b s t i t u e n t s   ,  t h o u g h  

l e s s   common,  a r e   a l s o   u s e f u l .   For   e x a m p l e ,   c o m p o u n d s  

s u c h   as  a  1  ,  2,  3 - t r i h y d r o x y b e n z e n e   —  i . e . ,   a  

p y r o g a l l o l ;   a  1  ,  3  ,  5 - t r i h y d r o x y b e n z e n e   —  i . e . ,   a  

30  p h l o r o g l u c i n o l ;   or  a  1 , 2 , 4 - t r i h y d r o x y b e n z e n e   —  i . e . ,   a  

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

In  g e n e r a l   t h e   p o l y h y d r o x y b e n z e n e s   can  b e  

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

e x a m p l e ,   w i t h   h a l o g e n ,   a l k y l ,   a l k o x y ,   a m i n o ,   a m i d o ,  

35  s u l f o n a m i d o ,   s u l f o ,   c a r b o x y ,   and  s i m i l a r   g r o u p s .  

U n s u b s t i t u t e d   p o l y h y d r o x y b e n z e n e s   a r e   p r e f e r r e d ,  

s i n c e   t h e y   o f f e r   t h e   maximum  a c t i v i t y   w i t h   t he   l e a s t  

m o l e c u l a r   b u l k   and  h e n c e   t he   l e a s t   t e n d e n c y   t o w a r d  
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t a c k i n e s s .   B u l k y   and  o l e o p h i l i c   s u b s t i t u e n t s ,   s u c h  

as  a l k y l ,   a r y l ,   a l k a r y l ,   and  h e t e r o c y c l i c   g r o u p s ,   a r e  
u s e f u l   in  a p p l i c a t i o n s   more  t o l e r a n t   of  t a c k i n e s s   o r  
in  a p p l i c a t i o n s   w h e r e   o t h e r   m e a s u r e s   h a v e   b e e n   t a k e n  

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

p r e f e r r e d .   On  t he   o t h e r   h a n d ,   h i g h l y   p o l a r   s u b s t i t -  

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

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

s u b s t i t u e n t s .   For   e x a m p l e ,   c o m p o u n d s   s u c h   a s  
10  l - c a r b o x y - 3 , 4 ,   5 - t r i h y d r o x y b e n z e n e   —  i . e . ,   g a l l i c   a c i d ;  

t h e   D i e l s - A l d e r   a d d u c t   of  h y d r o q u i n o n e   and  m a l e i c  

a n h y d r i d e ;   and  4,  5 - d i h y d r o x y - l   ,  3 - b e n z e n e d i s u l f   o n i c  

a c i d   a r e   c o m p a t i b l e   w i t h   t h e   p r a c t i c e   of  t h e  

i n v e n t i o n .   The  c a r b o x y   and  s u l f o   s u b s t i t u e n t s   can   b e  

15  e i t h e r   in  t h e i r   f r e e   a c i d   or  s a l t   fo rm  —  e . g . ,   t h e  

a l k a l i   or  ammonium  s a l t   f o r m .  

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

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

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

20  t h e   p o l y h y d r o x y b e n z e n e   may  a l s o   be  a c t i v e   in  r e d u c i n g  

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

n e g a t i v e   w o r k i n g   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   o f  

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   c a p a b l e   o f  

25  f o r m i n g   a  s u r f a c e   l a t e n t   image   and  a  v e h i c l e .   T h e  

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

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

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

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

30  t h e   a r t   to  be  c a p a b l e   of  a t t a i n i n g   h i g h e r   p h o t o -  

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

s i l v e r   h a l i d e   e m u l s i o n s   is   l e s s   t h a n   a b o u t   10  m o l e  

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

The  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  

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

o p p o s e d   to  b e i n g   of  t he   i n t e r n a l   l a t e n t   image   f o r m i n g  

t y p e .   S u r f a c e   l a t e n t   image   s i l v e r   h a l i d e   g r a i n s   a r e  
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e m p l o y e d   in  t he   o v e r w h e l m i n g   m a j o r i t y   of  n e g a t i v e  

w o r k 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 h e r e a s   i n t e r n a l  

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

c a p a b l e   of  f o r m i n g   a  n e g a t i v e   image   when  d e v e l o p e d   i n  

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

s u r f a c e   d e v e l o p e r s   to  fo rm  d i r e c t   p o s i t i v e   i m a g e s .  

The  d i s t i n c t i o n   b e t w e e n   s u r f a c e   l a t e n t   image   a n d  

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

g e n e r a l l y   w e l l   r e c o g n i z e d   in  t h e   a r t .   G e n e r a l l y   s o m e  

10  a d d i t i o n a l   i n g r e d i e n t   or  s t e p   i s   r e q u i r e d   i n  

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

p r e f e r e n t i a l l y   f o r m i n g   an  i n t e r n a l   l a t e n t   image   a s  

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

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

15  image   p r o d u c e d   by  a  s u r f a c e   l a t e n t   image   e m u l s i o n   a n d  

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

e m u l s i o n   when  p r o c e s s e d   in  a  s u r f a c e   d e v e l o p e r   is   a  

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

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

20  b e e n   d e v i s e d   to  d i s t i n g u i s h   q u a n t i t a t i v e l y   s u r f a c e  

l a t e n t   image   f o r m i n g   and  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   e m u l s i o n s .   For   e x a m p l e ,   a c c o r d i n g   to  o n e  

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

d e v e l o p m e n t   (A) ,   d e s c r i b e d   b e l o w ,   is   g r e a t e r   t h a n  

25  t h a t   r e s u l t i n g   f rom  i n t e r n a l   d e v e l o p m e n t   ( B ) ,  

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

e x p o s e d   f o r   a  p e r i o d   of  f rom  1  to  0 . 0 1   s e c o n d ,   t h e  

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

s u r f a c e   l a t e n t   i m a g e "   o r ,   more  s u c c i n c t l y ,   i t   i s   a  

30  s u r f a c e   l a t e n t   image   e m u l s i o n .   The  s e n s i t i v i t y   i s  

d e f i n e d   by  t he   f o l l o w i n g   e q u a t i o n :  

o  _  1 0 0  b  ~  Eh  

in  w h i c h   S  r e p r e s e n t s   t he   s e n s i t i v i t y   and  E h  

35  r e p r e s e n t s   t h e   q u a n t i t y   of  e x p o s u r e   n e c e s s a r y   t o  

o b t a i n   a  mean  d e n s i t y   —  i . e . ,   1 /2   (D-max  +  D - m i n ) .  
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S u r f a c e   D e v e l o p m e n t   ( A )  

The  e m u l s i o n   i s   p r o c e s s e d   a t   20°C  f o r   1 0  

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

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

5  N - m e t h y l —   p - a m i n o p h e n o l   h e m i s u l f   a t e   2 .5   g  

A s c o r b i c   a c i d   10  g  
S o d i u m   m e t a b o r a t e   ( w i t h   4  

m o l e c u l e s   of  w a t e r )   35  g  
P o t a s s i u m   b r o m i d e   1  g  

10  W a t e r   to  b r i n g   t h e   t o t a l   to  1  l i t e r .  

I n t e r n a l   D e v e l o p m e n t   ( B )  

The  e m u l s i o n   i s   p r o c e s s e d   a t   a b o u t   20°C  f o r  

10  m i n u t e s   in  a  b l e a c h i n g   s o l u t i o n   c o n t a i n i n g   3  g  o f  

p o t a s s i u m   f e r r i c y a n i d e   p e r   l i t e r   and  0 . 0 1 2 5   g  o f  

15  p h e n o s a f r a n i n e   p e r   l i t e r   and  w a s h e d   w i t h   w a t e r   f o r   1 0  

m i n u t e s   and  d e v e l o p e d   a t   20°C  f o r   10  m i n u t e s   in  a  

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

N - m e t h y l - £ —   a m i n o p h e n o l   h e m i s u l f   a t e   2 .5   g  
A s c o r b i c   a c i d   10  g  

20  S o d i u m   m e t a b o r a t e   ( w i t h   4  

m o l e s   of  w a t e r )   35  g  
P o t a s s i u m   b r o m i d e   1  g  
S o d i u m   t h i o s u l f a t e   3  g  
W a t e r   to  b r i n g   t h e   t o t a l   to  1  l i t e r .  

25  The  s i l v e r   h a l i d e   g r a i n s ,   when  t h e   e m u l s i o n s *  

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

s i z e   of  n o t   l a r g e r   t h a n   a b o u t   0 .7   vm,  p r e f e r a b l y  

a b o u t   0 . 4   um  or  l e s s .   Mean  g r a i n   s i z e   i s   w e l l  

u n d e r s t o o d   by  t h o s e   s k i l l e d   in  t h e   a r t ,   as  i l l u s -  

30  t r a t e d   by  Mees  and  J a m e s ,   The  T h e o r y   of  t h e   P h o t o -  

g r a p h i c   P r o c e s s ,   3 rd   E d . ,   M a c M i l l a n   1 9 6 6 ,   C h a p t e r   1 ,  

p a g e s   3 6 - 4 3 .   The  p h o t o g r a p h i c   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   c a p a b l e   of  p r o d u c i n g   h i g h e r   p h o t o -  

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

35  g r a i n   s i z e s .   The  p h o t o g r a p h i c   e m u l s i o n s   can   b e  

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

e l e m e n t s   of  any  c o n v e n t i o n a l   s i l v e r   c o v e r a g e .   Common 
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c o n v e n t i o n a l   s i l v e r   c o a t i n g   c o v e r a g e s   f a l l   w i t h i n   t h e  

r a n g e   of  f rom  a b o u t   0 .5   to  a b o u t   10  g r a m s   p e r   s q u a r e  

m e t e r .  

As  is   g e n e r a l l y   r e c o g n i z e d   in  t h e   a r t ,  

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

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

l a r g e r   g r a i n   s i z e   e m u l s i o n s   a r e   e m p l o y e d .   As  h e r e i n  

e m p l o y e d ,   t h e   t e r m   " m o n o d i s p e r s e d "   is   e m p l o y e d   t o  

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

L0  of  l e s s   t h a n   40%.  For  t he   h i g h e s t   l e v e l s   of  c o n t r a s t  

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

e m u l s i o n s   have   a  c o e f f i c i e n t   of  v a r i a t i o n   of  l e s s  

t h a n   20%.  (As  e m p l o y e d   h e r e i n   t h e   c o e f f i c i e n t   o f  

v a r i a t i o n   is  d e f i n e d   as  100  t i m e s   t he   s t a n d a r d  

15  d e v i a t i o n   of  t he   g r a i n   d i a m e t e r   d i v i d e d   by  t h e  

a v e r a g e   g r a i n   d i a m e t e r . )  

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   in  a d d i t i o n  

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

v e h i c l e   can   be  w i d e l y   v a r i e d ,   b u t   t y p i c a l l y   is   w i t h i n  

20  t he   r a n g e   of  f rom  a b o u t   20  to  250  g r a m s   p e r   mole   o f  

s i l v e r   h a l i d e .   E x c e s s i v e   v e h i c l e   can   have   t he   e f f e c t  

of  r e d u c i n g   maximum  d e n s i t y   and  c o n s e q u e n t l y   a l s o  

r e d u c i n g   c o n t r a s t .   Thus  f o r   c o n t r a s t   v a l u e s   of  10  o r  

more  i t   i s   p r e f e r r e d   t h a t   t he   v e h i c l e   be  p r e s e n t   in  a  

25  c o n c e n t r a t i o n   of  250  g r a m s   p e r   mole   of  s i l v e r   h a l i d e  

or  l e s s .   The  s p e c i f i c   v e h i c l e   m a t e r i a l s   p r e s e n t   i n  

t h e   e m u l s i o n   and  any  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   can   be  c h o s e n   f rom  among  c o n v e n t i o n a l  

v e h i c l e   m a t e r i a l s .   P r e f e r r e d   v e h i c l e s   a r e   w a t e r  

30  p e r m e a b l e   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  i n  

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

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

Such  m a t e r i a l s   a r e   more  s p e c i f i c a l l y   d e s c r i b e d   i n  

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   1978 ,   I t e m  

35  1 7 6 4 3 ,   S e c t i o n   IX.  V e h i c l e s   a r e   commonly   e m p l o y e d  

w i t h   one  or  more  h a r d e n e r s ,   s u c h   as  t h o s e   d e s c r i b e d  

in  S e c t i o n   X. 
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E m u l s i o n s   c o n t e m p l a t e d   i n c l u d e   t h o s e  

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

g e o m e t r i c   fo rm  ( e . g . ,   r e g u l a r   o c t a h e d r a l   o r ,  

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

5  by  a  v a r i e t y   of  t e c h n i q u e s   —   e . g . ,   s i n g l e —   j e t ,  

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

a c c e l e r a t e d   f l o w   r a t e   and  i n t e r r u p t e d   p r e c i p i t a t i o n  

t e c h n i q u e s ,   as  i l l u s t r a t e d   by  T r i v e l l i   and  S m i t h ,   T h e  

P h o t o g r a p h i c   J o u r n a l .   V o l .   LXXIX,  May,  1 9 3 9 ,   p a g e s  

10  3 3 0 - 3 3 8 ;   T .H.   J a m e s   The  T h e o r y   of  t h e   P h o t o g r a p h i c  

P r o c e s s .   4 t h   E d . ,   M a c m i l l a n ,   1 9 7 7 ,   C h a p t e r   3 ;  

T e r w i l l i g e r   e t   a l   R e s e a r c h   D i s c l o s u r e .   V o l .   1 4 9 ,  

S e p t e m b e r   1 9 7 6 ,   I t e m   1 4 9 8 7 ;   R e s e a r c h   D i s c l o s u r e .   V o l .  

225 ,   J a n u a r y   1 9 8 3 ,   I t e m   2 2 5 3 4 ;   as  w e l l   as  N i e t z   e t   a l  

15  U .S .   P a t e n t   2 , 2 2 2 , 2 6 4 ;   W i l g u s   German  OLS  2 , 1 0 7 , 1 1 8 ;  

L e w i s   U.K.  P a t e n t s   1 , 3 3 5 , 9 2 5 ,   1 , 4 3 0 , 4 6 5   a n d  

1 , 4 6 9 , 4 8 0 ;   I r i e   e t   a l   U .S .   P a t e n t   3 , 6 5 0 , 7 5 7 ;   M o r g a n  

U.S .   P a t e n t   3 , 9 1 7 , 4 8 5   ( w h e r e   pAg  c y c l i n g   i s   l i m i t e d  

to  p e r m i t   s u r f a c e   d e v e l o p m e n t ) ;   and  M u s l i n e r   U . S .  

20  P a t e n t   3 , 7 9 0 , 3 8 7 .   D o u b l e - j e t   a c c e l e r a t e d   f l o w   r a t e  

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

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

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

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

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

e m u l s i o n ,   as  i l l u s t r a t e d   by  A r n o l d   e t   a l   U .S .   P a t e n t  

1 , 1 9 5 , 4 3 2 ;   H o c h s t e t t e r   U .S .   P a t e n t   1 , 9 5 1 , 9 3 3 ;  

T r i v e l l i   e t   a l ,   U .S .   P a t e n t   2 , 4 4 8 , 0 6 0 ;   O v e r m a n n   U . S .  

P a t e n t   2 , 6 2 8 , 1 6 7 ;   M u e l l e r   U .S .   P a t e n t   2 , 9 5 0 , 9 7 2 ;  

30  S i d e b o t h a m   U .S .   P a t e n t   3 , 4 8 8 , 7 0 9 ;   and  R o s e c r a n t s   e t  

a l   U .S .   P a t e n t   3 , 7 3 7 , 3 1 3 .  

The  i n d i v i d u a l   r e a c t a n t s   can   be  a d d e d   to  t h e  

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

d e l i v e r y   t u b e s   by  g r a v i t y   f e e d   or  by  d e l i v e r y  

35  a p p a r a t u s   f o r   m a i n t a i n i n g   c o n t r o l   of  t he   pH  a n d / o r  

pAg  of  t h e   r e a c t i o n   v e s s e l   c o n t e n t s ,   as  i l l u s t r a t e d  

by  C u l h a n e   e t   a l   U .S .   P a t e n t   3 , 8 2 1 , 0 0 2 ,   O l i v e r   U . S .  
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P a t e n t   3 , 0 3 1 , 3 0 4   and  C l a e s   e t   a l   P h o t o g r a p h l s c h e  

K o r r e s p o n d e n z   ,  Band  102,   Number  10,  1967 ,   p a g e   1 6 2 .  

In  o r d e r   to  o b t a i n   r a p i d   d i s t r i b u t i o n   of  t h e  

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

5  c o n s t r u c t e d   m i x i n g   d e v i c e s   can  be  e m p l o y e d ,   a s  

i l l u s t r a t e d   by  A u d r a n   U.S .   P a t e n t   2 , 9 9 6 , 2 8 7 ,  

M c C r o s s e n   e t   a l   U .S .   P a t e n t   3 , 3 4 2 , 6 0 5 ,   Frame  e t   a l  

U.S .   P a t e n t   3 , 4 1 5 , 6 5 0 ,   P o r t e r   e t   a l   U .S .   P a t e n t  

3 , 7 8 5 , 7 7 7 ,   S a i t o   e t   a l   German  OLS  2 , 5 5 6 , 8 8 5   and  S a t o  

10  e t   a l   German  OLS  2 , 5 5 5 , 3 6 5 .   An  e n c l o s e d   r e a c t i o n  

v e s s e l   can   be  e m p l o y e d   to  r e c e i v e   and  mix  r e a c t a n t s  

u p s t r e a m   of  t he   ma in   r e a c t i o n   v e s s e l ,   as  i l l u s t r a t e d  

by  F o r s t e r   e t   a l   U .S .   P a t e n t   3 , 8 9 7 , 9 3 5   and  P o s s e   e t  

a l   U.S .   P a t e n t   3 , 7 9 0 , 3 8 6 .  

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

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

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

h a l i d e   e m u l s i o n s   of  d i f f e r i n g   g r a i n   s i z e s .   T h e  

e m u l s i o n s   can   i n c l u d e   a m m o n i a c a l   e m u l s i o n s ,   a s  

20  i l l u s t r a t e d   by  G l a f k i d e s ,   P h o t o g r a p h i c   C h e m i s t r y ,  

V o l .   1,  F o u n t a i n   P r e s s ,   L o n d o n ,   1958 ,   p a g e s   3 6 5 - 3 6 8  

and  p a g e s   301—304;  t h i o c y a n a t e   r i p e n e d   e m u l s i o n s ,   a s  

i l l u s t r a t e d   by  I l l i n g s w o r t h   U.S .   P a t e n t   3 , 3 2 0 , 0 6 9 ;  

t h i o e t h e r   r i p e n e d   e m u l s i o n s   as  i l l u s t r a t e d   by  M c B r i d e  

25  U .S .   P a t e n t   3 , 2 7 1 , 1 5 7 ,   J o n e s   U.S .   P a t e n t   3 , 5 7 4 , 6 2 8  

and  R o s e c r a n t s   e t   a l   U .S .   P a t e n t   3 , 7 3 7 , 3 1 3   o r  

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

s u c h   as  ammonium  s a l t s ,   as  i l l u s t r a t e d   by  P e r i g n o n  

U.S .   P a t e n t   3 , 7 8 4 , 3 8 1   and  R e s e a r c h   D i s c l o s u r e ,   V o l .  

30  134,   J u n e   1975 ,   I t e m   1 3 4 5 2 .  

The  s i l v e r   h a l i d e   e m u l s i o n   can   be  u n w a s h e d  

or  w a s h e d   to  r e m o v e   s o l u b l e   s a l t s .   The  s o l u b l e   s a l t s  

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

i l l u s t r a t e d   by  C r a f t   U .S .   P a t e n t   2 , 3 1 6 , 8 4 5   and  M c F a l l  

35  e t   a l   U .S .   P a t e n t   3 , 3 9 6 , 0 2 7 ;   by  c o a g u l a t i o n   w a s h i n g ,  

as  i l l u s t r a t e d   by  H e w i t s o n   e t   a l   U.S .   P a t e n t  

2 , 6 1 8 , 5 5 6 ,   Y u t z y   e t   a l   U.S .   P a t e n t   2 , 6 1 4 , 9 2 8 ,   Y a c k e l  
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U .S .   P a t e n t   2 , 5 6 5 , 4 1 8 ,   H a r t   e t   a l   U .S .   P a t e n t  

3 , 2 4 1 , 9 6 9 ,   W a l l e r   e t   a l   U .S .   P a t e n t   2 , 4 8 9 , 3 4 1 ,  

K l i n g e r   U.K.  P a t e n t   1 , 3 0 5 , 4 0 9   and  D e r s c h   e t   a l   U . K .  

P a t e n t   1 , 1 6 7 , 1 5 9 ;   by  c e n t r i f u g a t i o n   and  d e c a n t a t l o n  

5  of  a  c o a g u l a t e d   e m u l s i o n ,   as  i l l u s t r a t e d   by  M u r r a y  

U.S .   P a t e n t   2 , 4 6 3 , 7 9 4 ,   U j i h a r a   e t   a l   U .S .   P a t e n t  

3 , 7 0 7 , 3 7 8 ,   A u d r a n   U .S .   P a t e n t   2 , 9 9 6 , 2 8 7   and  T i m s o n  

U.S .   P a t e n t   3 , 4 9 8 , 4 5 4 ;   by  e m p l o y i n g   h y d r o c y c l o n e s  

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

10  i l l u s t r a t e d   by  U.K.  P a t e n t   1 , 3 3 6 , 6 9 2 ,   C l a e s   U . K .  

P a t e n t   1 , 3 5 6 , 5 7 3   and  U s h o m i r s k i i   e t   a l   S o v i e t  

C h e m i c a l   I n d u s t r y .   V o l .   6,  No.  3,  1 9 7 4 ,   p a g e s  

1 8 1 - 1 8 5 ;   by  d i a f   i l t r a t i o n   w i t h   a  s e m i p e r m e a b l e  

m e m b r a n e ,   as  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 .  

15  102 ,   O c t o b e r   1 9 7 2 ,   I t e m   1 0 2 0 8 ,   H a g e m a i e r   e t   a l  

R e s e a r c h   D i s c l o s u r e .   V o l .   131 ,   March   1 9 7 5 ,   I t e m  

1 3 1 2 2 ,   B o n n e t   R e s e a r c h   D i s c l o s u r e ,   V o l .   135 ,   J u l y  

1 9 7 5 ,   I t e m   1 3 5 7 7 ,   B e r g   e t   a l   German  OLS  2 , 4 3 6 , 4 6 1   a n d  

B o l t o n   U .S .   P a t e n t   2 , 4 9 5 , 9 1 8   or  by  e m p l o y i n g   an  i o n  

20  e x c h a n g e   r e s i n ,   as  i l l u s t r a t e d   by  Ma ley   U .S .   P a t e n t  

3 , 7 8 2 , 9 5 3   and  N o b l e   U .S .   P a t e n t   2 , 8 2 7 , 4 2 8 .   T h e  

e m u l s i o n s ,   w i t h   or  w i t h o u t   s e n s i t i z e r s ,   can   be  d r i e d  

and  s t o r e d   p r i o r   to  use   as  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 .   101 ,   S e p t e m b e r   1 9 7 2 ,   I t e m   1 0 1 5 2 .  

25  For   h i g h   c o n t r a s t   p h o t o g r a p h i c   a p p l i c a t i o n s  

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

r e q u i r e d .   T h u s ,   t h e   e m u l s i o n s   e m p l o y e d   n e e d   n o t   b e  

c h e m i c a l l y   s e n s i t i z e d .   S e n s i t i z a t i o n   w i t h   one  o r  

more  m i d d l e   c h a l c o g e n s ,   s u l f u r ,   s e l e n i u m ,   a n d / o r  

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

t i o n .   Such  s e n s i t i z a t i o n   can   be  a c h i e v e d   by  t h e   u s e  

of  a c t i v e   g e l a t i n   or  by  t he   a d d i t i o n   of  m i d d l e  

c h a l c o g e n   s e n s i t i z e r s ,   s u c h   as  d i s c l o s 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   I I I .  

35  R e d u c t i o n   and  o t h e r   c o n v e n t i o n a l   c h e m i c a l   s e n s i t i z a -  

t i o n   t e c h n i q u e s   d i s c l o s e d   t h e r e i n   w h i c h   do  n o t  

u n a c c e p t a b l y   r e d u c e   c o n t r a s t   can  a l s o   be  e m p l o y e d .  
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S p e c t r a l   s e n s i t i z a t i o n   of  t he   h i g h   c o n t r a s t  

s i l v e r   h a l i d e   e m u l s i o n s   is   n o t   r e q u i r e d ,   b u t   can   b e  

u n d e r t a k e n   u s i n g   c o n v e n t i o n a l   s p e c t r a l   s e n s i t i z e r s ,  

s i n g l y   or  in  c o m b i n a t i o n ,   as  i l l u s t r a t e d   by  R e s e a r c h  

5  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   IV.  F o r  

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

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

P r e f e r r e d   dyes   a r e   c y a n i n e   and  m e r o c y a n i n e  

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

10  d y e s   have   b e e n   o b s e r v e d   to  e x h i b i t   r e l a t i v e l y   h i g h  

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

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

a r e   as  f o l l o w s :  

SS-1  A n h y d r o - S ^ ' - d i c h l o r o - g - e t h y l - S . S ' - b i s O -  

15  s u l f o p r o p y l ) o x a c a r b o c y a n i n e   h y d r o x i d e ,  

s o d i u m   s a l t  

SS-2  5  ,  5  »  ,  6  ,  6  » - T e t r a c h l o r o - l   ,  1  •  ,  3  ,  3  ' - t e t r a -  

e t h y l b e n z i m i d a z o l o c a r b o c y a n i n e   i o d i d e  

SS-3  3 , 3 ' - D i e t h y l - 9 - m e t h y l t h i a c a r b o c y a n i n e   b r o m i d e  

20  SS—  4  3,3—  D i e t h y l o x a c a r b o c y a n i n e   i o d i d e  

SS-5  5  ,  5  ' - D i c h l o r o - 3   ,  3  1  ,  9 - t r i e t h y l t h i a c a r b o -  

c y a n i n e   b r o m i d e  

SS-6  3 , 3 » - D i e t h y l t h i o c a r b o c y a n i n e   i o d i d e  

SS-7  5  ,  5  ' - D i c h l o r o - 2   ,  2  ' - d i e t h y l t h i o c a r b o c y a n i n e   , 
25  £—  t o l u e n e   s u l f o n a t e   s a l t  

SS-8  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 -  

zo l   i d i n y   1  i d e n e   )—  2—  me  thy   l e t h y   l i d e n e   ]  r h o d a n i n e  

SS-9  3 - E t h y l - 3 - [   ( 3 - e t h y l - 2 - t h i a z o l   i d i n y   l i d e n e   ) -  

2-me  thy   l e t h y   1  i d e n e   ]  r h o d a n i n e  

30  SS-10   5 - [ ( 3 - { 2 - C a r b o x y e t h 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   ]—  3—  e  thy  l r h o d a n i n e  

SS-11   l - C a r b o x y m e t h y l - 5 - [   ( 3 - e t h y l - 2 - b e n z o t h i a -  

zo l   i n y l   i d e n e   )  e t h y l   i d e n e   ] - 3 - p h e n y   1 - 2 - t h i o -  

h y d a n t o i n  

35  SS-12   l - C a r b o x y m e t h y l - 5 - [ ( l - e t h y l - 2 ( H ) - n a p h t h o -  

{ l , 2 - d } t h i a z o l i n - 2 - y l i d e n e ) e t h y l i -  

d e n e ] - 3 - p h e n y l - 2 - t h i o h y d a n t o i n  
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SS-13   3 - C a r b o x y m 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  

S S - 1 4   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  thy   1 -  

i d e n e   ] - 3 - h e p t y   l - 2 - t h i o - 2   ,  4 - o x a z o l i d i n e d i o n e  

5  SS-15   3 - C a r b o x y m 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 i n e  

SS-16   3 - C a r b o x y m e t h y   1 - 5 -   (  3 - m e t h y   1 - 2 - b e n z o x a -  

zo l   iny  1  i d e n e   ) r h o d a n i n e  

SS-17   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 -  

10  d e n e ) e t h y l i d e n e ] r h o d a n i n e  

The  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  

i n c l u d e   an  a r y l h y d r a z i d e ,   e i t h e r   in  t he   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   d e s c r i b e d   a b o v e ,   or  in  an  a d j a c e n t  

h y d r o p h i l i c   c o l l o i d   l a y e r .   Any  a r y l h y d r a z i d e   k n o w n  

15  to  be  e f f e c t i v e   in  a c h i e v i n g   h i g h   c o n t r a s t   n e g a t i v e  

s i l v e r   i m a g e s   can   be  e m p l o y e d .   S u i t a b l e   a r y l h y d r a -  

z i d e s   a r e   d i s c l o s e d   in  R -2 ,   R -3 ,   R - 4 ,   and  R -5 ,   c i t e d  

a b o v e ,   and  in  T a k a d a   e t   a l   U .S .   P a t e n t s   4 , 1 6 8 , 9 7 7   a n d  

4 , 2 2 4 , 4 0 1 ,   O k u t s u   e t   a l   U .S .   P a t e n t   4 , 2 2 1 , 8 5 7 ,   a n d  

20  M i f u n e   e t   a l   U .S .   P a t e n t s   4 , 2 4 3 , 7 3 9 ,   4 , 2 7 2 , 6 0 6 ,  

4 , 2 7 2 , 6 1 4 ,   and  4 , 3 2 3 , 6 4 3 .  

The  a r y l h y d r a z i d e s   can   be  i n c o r p o r a t e d   i n  

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

c o l l o i d   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  

25  i n v e n t i o n   in  any  e f f e c t i v e   c o n c e n t r a t i o n   up  to  t h e  

l i m i t   of  t h e i r   s o l u b i l i t y .   G e n e r a l l y   no  a d v a n t a g e   i s  

r e a l i z e d   f rom  i n t r o d u c i n g   c o n c e n t r a t i o n s   a b o v e   a b o u t  
- 2  

10  mole   p e r   mole   of  s i l v e r .   C o n c e n t r a t i o n   o f  
—3 

l e v e l s   of  a t   l e a s t   10  mole   p e r   mole   of  s i l v e r   a r e  

30  g e n e r a l l y   e m p l o y e d .   An  o p t i m u m   c o n c e n t r a t i o n   r a n g e  

f o r   h i g h   h a l f t o n e   do t   q u a l i t y   is   f rom  a b o v e   a b o u t   1 . 5  
-3   - 3  

X  10  to  2  X  10  mole   p e r   mole   of  s i l v e r .  

C o m b i n a t i o n s   of  a r y l h y d r a z i d e s   can   b e  

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

35  a p p l i c a t i o n s .   In  a  s p e c i f i c a l l y   p r e f e r r e d   fo rm  o f  

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

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

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

a b o v e ,   a  p r e f e r r e d   minimum  c o n c e n t r a t i o n   of  t h e  
—4 

u n b a l l a s t e d   a r y l h y d r a z i d e   is   5  X  10  mole   p e r   m o l e  

5  of  s i l v e r .  

The  b a l l a s t e d   a r y l h y d r a z i d e s   i n c l u d e   one  o r  

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

ing  m o b i l i t y .   The  b a l l a s t i n g   m o i e t i e s   a r e   t y p i c a l l y  

a r y l   r i n g   s u b s t i t u e n t s .   B a l l a s t e d   a r y l h y d r a z i d e s ,  

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

to  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   and  a r e   to  b e  

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

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

t h i o c a r b o n y l   m o i e t y .  

15  S u i t a b l e   b a l l a s t i n g   g r o u p s   can   t a k e  

c o n v e n t i o n a l   f o r m s .   For   e x a m p l e ,   t he   b a l l a s t i n g  

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

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

g e n e r a l l y   r e c o g n i z e d   to  r e q u i r e   a t   l e a s t   8  c a r b o n  

20  a t o m s   and  f r e q u e n t l y   c o n t a i n   30  or  more  c a r b o n  

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

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

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

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

25  a l k y l p h e n y l ,   p h e n o x y ,   a l k y l p h e n o x y   ,  and  s i m i l a r  

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

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

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

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

30  d e v e l o p m e n t .  

U n b a l l a s t e d   a r y l h y d r a z i d e s   can   be  s e l e c t e d  

f rom  known  a r y l h y d r a z i d e s   w h i c h   c o n t a i n   n e i t h e r  

b a l l a s t i n g   s u b s t i t u e n t s   nor   g r o u p s   p r o m o t i n g  

a d s o r p t i o n   to  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 .  

35  T y p i c a l l y   t he   a r y l   m o i e t y   of  t h e   a r y l h y d r a z i d e   i s  

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

w e i g h t   m o i e t i e s ,   s u c h   as  g r o u p s   c h o s e n   f rom  t he   s a m e  
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s u b s t i t u e n t   c a t e g o r i e s   as  t he   b a l l a s t i n g   g r o u p s  
a b o v e ,   b u t   of  l e s s   t h a n   8  c a r b o n   a t o m s .  

P r e f e r r e d   u n b a l l a s t e d   a r y l h y d r a z i d e s   w i t h i n  

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

r e p r e s e n t e d   by  t he   f o l l o w i n g   f o r m u l a :  

( I )   _  

R  —  X- 

O 
li 

-c -  

R1 
I 

-Ar  —  N  —  N  —  Ac 

-   n  R2 

w h e r e i n  

Ac  r e p r e s e n t s   an  a c t i v a t i n g   g r o u p ;  
Ar  r e p r e s e n t s   a  d i v a l e n t   a r o m a t i c   g r o u p ;  

n  i s   z e r o   or  1 ;  

R  r e p r e s e n t s   an  a l i p h a t i c   or  a r o m a t i c   r e s i d u e ;  
15  1 2  

R  and  R  can   be  e i t h e r   h y d r o g e n   or  a  

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

t h a t   o n l y   one  can   be  a  s u l f i n i c   a c i d   r a d i c a l  

s u b s t i t u e n t ;   a n d  

X  and  X'  e a c h   r e p r e s e n t   -NH-  or  one  r e p r e s e n t s  
2 0  

—  NH-  and  t he   o t h e r   r e p r e s e n t s   a  d i v a l e n t   c h a l c o g e n .  

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

in  R -2 ,   c i t e d   a b o v e .   P r e f e r r e d   a c t i v a t i n g   g r o u p s   a r e  

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

be  r e p r e s e n t e d   by  t h e   f o r m u l a :  
25  < « >   o  

li "  3 —   C  —  R 

3 w h e r e   R  i s   h y d r o g e n   or  an  a l i p h a t i c   or  a r o m a t i c  

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

when  R"̂   is   h y d r o g e n .   In  a n o t h e r   p r e f e r r e d   f o r m  
3 

R  can   t a k e   t he   fo rm  of  an  a l k y l   g r o u p ,   w i t h   l o w e r  

a l k y l   g r o u p s   of  f rom  1  to  3  c a r b o n   a t o m s   b e i n g  

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

25  h y d r a z i d e s   g e n e r a l l y   d e c l i n e s   as  t he   n u m b e r   of  c a r b o n  

a t o m s   f o r m i n g   t h e   a l k y l   g r o u p   i n c r e a s e s .   When  R^ 

is   an  a r o m a t i c   m o i e t y ,   i t   is   p r e f e r a b l y   a  p h e n y l  

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

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

t he   B  n i t r o g e n   a tom  of  t h e   h y d r a z i d e   to  a  t e r t i a r y  

c a r b o n   a t o m .   In  a  p r e f e r r e d   fo rm  t h e   d i v a l e n t  

5  a r o m a t i c   m o i e t y   is   a  c a r b o c y c l i c   a r o m a t i c   m o i e t y   —  

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

n a p h t h a l e n e .   In  a d d i t i o n   to  t h e   p r e f e r r e d   a r y l  

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

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

10  r e m a i n i n g   a v a i l a b l e   p o s i t i o n .   E x a m p l e s   of  o t h e r  

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

a l k y ,   a l k o x y ,   h a l o ,   and  h a l o a l k y l .   As  h e r e i n   d e f i n e d  

c y c l o a l k y l   is   s u b s u m e d   w i t h i n   a l k y l   m o i e t i e s .   U n l e s s  

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

15  r e f e r r e d   to  a r e   u n d e r s t o o d   to  c o n t a i n   f e w e r   t h a n   8 

c a r b o n   a t o m s .   When  Ar  is   a  p h e n y l e n e   g r o u p ,   i t   c a n  

t a k e   t he   form  of  an  o - ,   p—  ,  or  m - p h e n y l e n e   g r o u p ,   b u t  

i t   is   mos t   p r e f e r a b l y   a  p—  p h e n y l e n e   g r o u p   w i t h   a n y  

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

20  o r t h o   s u b s t i t u e n t s .  

R  can   t a k e   t h e   form  of  an  a l i p h a t i c   o r  

a r o m a t i c   r e s i d u e .   R  s h o u l d   be  c h o s e n   to  r e t a i n  

m o b i l i t y   of  t he   a r y l h y d r a z i d e   in  a  s i l v e r   h a l i d e  

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

25  g r a p h i c   e l e m e n t .   In  one  fo rm  R  can  be  an  a r y l h y d r a -  

z i d e .   For  e x a m p l e ,   i t   can   t a k e   any  of  t he   f o r m s   o f  

t h e   a r y l h y d r a z i d e   shown  to  t h e   r i g h t   of  X'  in  f o r m u l a  

( I ) .   In  a  s p e c i f i c a l l y   p r e f e r r e d   fo rm  R  is   an  a l k y l  

g r o u p ,   o p t i m a l l y   an  a l k y l   g r o u p   c o n t a i n i n g   f rom  2  t o  

30  6  c a r b o n   a t o m s .   In  an  a r o m a t i c   fo rm  R  is   p r e f e r a b l y  

p h e n y l .   F i v e   and  s i x   member  h e t e r o c y c l i c   r i n g  

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

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

g r o u p s .  
1  2 

35  R  and  R  a r e   p r e f e r a b l y   h y d r o g e n .   I t  

has   b e e n   r e c o g n i z e d   t h a t   when  one  of  t h e   n i t r o g e n  

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

a r y l s u l f o n y l   g r o u p ,   an  i n c r e a s e   in  p h o t o g r a p h i c   s p e e d  
1  2 

can   be  r e a l i z e d .   As  b e t w e e n   R  and  R  i t   i s  

p r e f e r r e d   t h a t   R1  be  a  s u l f i n i c   a c i d   r a d i c a l  

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

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

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

r a d i c a l   s u b s t i t u e n t   a t t a c h e d   to  e i t h e r   of  t h e  

n i t r o g e n   a t o m s   a  or  B  to  t he   Ac  m o i e t y   in  f o r m u l a  

10  ( I ) ,   and  o v e r a l l   c h a r a c t e r i s t i c   c u r v e   s h a p e   in  t h e  

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

a b s e n c e   of  t he   s u l f i n i c   a c i d   r a d i c a l   s u b s t i t u e n t .  

When  n  i s   1,  one  of  X  and  X*  e a c h   r e p r e s e n t  

-NH-  or  one  p r e s e n t s   -NH-  and  t he   o t h e r   r e p r e s e n t s   a  

15  d i v a l e n t   c h a l c o g e n   ( e . g . ,   an  oxy  or  t h i o   l i n k i n g  

a t o m ) .   In  one  s p e c i f i c a l l y   p r e f e r r e d   fo rm  b o t h   X  a n d  

X'  r e p r e s e n t   - N H - .   When  X  is   —  NH-,  X*  can   be  c h o s e n  

to  c o m p l e t e   a  c a r b a m o y l o x y   (—  N H - C ( O ) - O - )   or  c a r b a -  

m o y l t h i o   ( - N H - C ( O ) - S - )   g r o u p .   In  a  s p e c i f i c a l l y  

20  p r e f e r r e d   fo rm  of  t h e   i n v e n t i o n   X*  is   r e p r e s e n t e d   b y  

-NH-  and  X  c o m p l e t e s   a  t h i o c a r b a m i d o   ( - S - C ( O ) - N H - )  

a n d ,   mos t   p r e f e r a b l y ,   an  o x y c a r b a m i d o   ( - O - C ( O ) —   N H - )  

g r o u p .  
When  n  is   z e r o ,   X  c o m p l e t e s   w i t h   R  an  o x y ,  

25  t h i o ,   or  a m i n o   s u b s t i t u e n t .  

S p e c i f i c a l l y   p r e f e r r e d   a r y l h y d r a z i d e s  

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

by  t he   f o l l o w i n g   f o r m u l a :  

( I I I )  

3 0  

3 5  

R  —  X- 

0  
li 

-C  —  N- 

" - I n  

H  0  
I  II  o 

-Ar  —  N  —  N  —   C  —  R 

H 

w h e r e  

Ar  is   a  p h e n y l e n e ,   p r e f e r a b l y   a  p - p h e n y l e n e ,  

g r o u p ;  

n  i s   z e r o   or  1 ;  



0 2 0 9 0 1 0  

- 1 8 -  

R  is   a l k y l   of  f rom  1  to  8  c a r b o n   a t o m s ,   p r e f e r -  

a b l y   2  to  6  c a r b o n   a t o m s ,   or  a  p h e n y l   s u b s t i t u e n t ;  
3 

R  is   h y d r o g e n ,   l o w e r   a l k y l   of  f rom  1  to  3 

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

5  X  is   -O—  when  n  is   z e r o   and  -O—  or  —  NH-  when  n  i s  

1 .  

In  one  s p e c i f i c a l l y   p r e f e r r e d   fo rm  t h e  

u n b a l l a s t e d   a r y l h y d r a z i d e   is   c h a r a c t e r i z e d   by  t h e  

a r y l   m o i e t y   b e i n g   s u b s t i t u t e d   w i t h   an  a l k o x y   g r o u p  
10  c o n t a i n i n g   l e s s   t h a n   8  c a r b o n   a t o m s ,   s u c h   as  a  

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

In  a n o t h e r   s p e c i f i c a l l y   p r e f e r r e d   fo rm  t h e  

u n b a l l a s t e d   a r y l h y d r a z i d e   t a k e s   t he   fo rm  d i s c l o s e d   i n  

L o b l a w   e t   a l   U .S .   P a t e n t   4 , 5 6 0 , 6 3 8 .  

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

t h e   u n b a l l a s t e d   a r y l h y d r a z i d e   t a k e s   t he   fo rm  of  a n  

a l k y l u r e i d o   s u b s t i t u t e d   a r y l h y d r a z i d e ,   s u c h   a s  

d i s c l o s e d   in  M i f u n e   U.S .   P a t e n t   4 , 3 2 3 , 6 4 3 .  

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

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

i n v e n t i o n :  

AH-l  2—  (  2  ,  6—  d i c h l o r o —   4—  m e t h o x y c a r b a m i d o p h e n y   1  ) -  

1—  p r o p i o n y l h y d r a z i n e  

AH-2  2—  (4—  e t h y l c a r b a m o y l o x y p h e n y l ) - ! —   f  o r m y l -  

25  h y d r a z i n e  

AH-3  2—  (4—  e t h o x y   c a r b a m o y l   t h i o p h e n y l ) - l - f   o r m y l -  

h y d r a z i n e  

AH-4  2-  (4—  e t h o x y c a r b a m i d o p h e n y l ) - l - f   o r m y l h y d r a z i n e  

AH-5  2-(4—  e t h o x y c a r b a m i d o p h e n y   1  )—  1 - f   ormy  1—  2-p_— 

30  t o s y l h y d r a z i n e  

AH—  6  1—  a c e t y l —   2—  ( 4 - p r o p y   l u r e   i d o p h e n y l )   h y d r a -  

z i n e  

AH-7  2 - (   4—  b u t o x y c a r b a m i d o p h e n y l ) - l — f   o r m y l h y d r a z i n e  

AH-8  2 - ( 4 - b u t y l t h i o c a r b a m i d o p h e n y l ) - l - f o r m y l -  

35  h y d r a z i n e  

AH-9  2—  (4—  b u t y l c a r b a m o y l o x y p h e n y l ) - l - f   o r m y l -  

h y d r a z i n e  
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AH-1  0  1 - b e n z o   y  1 - 2 -   (  4 - b u   ty  1  c a r b a m o y   1  th  i  o - 2 - t   r  i -  

f  l u o r o m e t h y l p h e n y l ) h y d r a z i n e  

AH-1  1  1 - b e n z o y   l - 2 - (   2 - p e n t y   l u r e i d o p h e n y l   ) -  

h y d r a z i n e  

5  AH-12  l - f o r m y l - 2 - ( 4 - i s o -   p r o p o x y c a r b a m i d o p h e n y l ) -  

h y d r a z i n e  

AH-1  3  l - f o r m y l - 2 - ( 4 - h e x y l u r e i d o p h e n y l ) h y d r a z i n e  

AH-14  l - f o r m y l - 2 - ( 4 - p h e n o x y c a r b a m i d o p h e n y l ) -  

h y d r a z i n e  

10  AH-1  5  l - f o r m y l - 2 - ( 2 - m e t h o x y - 4 - N - p y r i d y l o x y c a r b -  

a m i d o p h e n y   1  ) h y d r a z i n e  

AH-  16  2-  (  2-N  ,  N-d  i  e  t  hy  1  am  i  n c — 4 - p h e n y   1  1  h  i  o c a r b -  

a m i d o p h e n y   1  ) - l - f   o r m y l h y d r a z i n e  

AH-1  7  2 - (   2  ,  6 - d i c h l o r o - 4 - m e t h o x y p h e n y l   ) -  

15  1 - p r o p i o n y l h y d r a z i n e  

AH-  18  2 - ( 4 - e t h o x y p h e n y l ) - l - f o r m y l - 2 - p - t o s y l -  

h y d r a z i n e  

AH-1  9  1 - a c e   ty  l - 2 - (   4 - p r   o p o x y p h e n y   1  ) h y d r a z   i n e  

AH-20  2-  (  4—  b u t o x y p h e n y l ) - l - f   o r m y l h y d r a z i n e  

20  AH-21  2 - ( 4 - b u t y l a m i n o p h e n y l ) - l - f   o r m y l h y d r a z i n e  

AH-22  1 - b e n z o y   l - 2 - (   2 - p e n t y   l t h i o ) p h e n y l h y d r a z i n e  

AH-23  l - f o r m y l ~ 2 - ( 4 - i j 3 o - p r o p o x y p h e n y l ) h y d r a z i n e  

AH-24  l - f o r m y l - 2 - ( 4 - h e x o x y p h e n y l ) h y d r a z i n e  

AH-25  l - f o r m y l - 2 - ( 4 - p h e n o x y p h e n y l ) h y d r a z i n e  

25  The  p h o t o g r a p h i c   e l e m e n t s   can   be  p r o t e c t e d  

a g a i n s t   fog  by  i n c o r p o r a t i o n   of  a n t i f o g g a n t s   a n d  

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

in  w h i c h   t h e   e l e m e n t   i s   to   be  p r o c e s s e d .   C o n v e n t i o n -  

a l   a n t i f o g g a n t s ,   s u c h   as  t h o s e   d i s c l o s e d   by  M i f u n e   e t  

30  a l   U .S .   P a t e n t s   4 , 2 4 1 , 1 6 4 ,   4 , 3 1 1 , 7 8 1 ,   4 , 1 6 6 , 7 4 2 ,   a n d  

4 , 2 3 7 , 2 1 4 ,   and  O k u t s u   e t   a l   U .S .   P a t e n t   4 , 2 2 1 , 8 5 7 ,  

can   be  e m p l o y e d .  

P r e f e r r e d   a n t i f o g g a n t s   a r e   b e n z o t r i a z o l e s   , 
s u c h   as  b e n z o t r i a z o l e   ( t h a t   i s ,   t h e   u n s u b s t i t u t e d  

35  b e n z o t r i a z o l e   c o m p o u n d ) ,   ha lo—  s u b s t i t u t e d   b e n z o t r i -  

a z o l e s   ( e . g . ,   5—  c h l o r o b e n z o t r i a z o l e ,   4—  b r o m o b e n z o t r i -  

a z o l e ,   and  4 - c h l o r o b e n z o t r i a z o l e )   ,  and  a l k y l - s u b s t i -  
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t u t e d   b e n z o t r i a z o l e s   w h e r e i n   t he   a l k y l   m o i e t y  

c o n t a i n s   f rom  a b o u t   1  to  12  c a r b o n   a t o m s   ( e . g . ,  

5—  m e t h y l b e n z o t r i a z o l e )   .  O t h e r   known  u s e f u l   a n t i f o g -  

g a n t s   i n c l u d e   b e n z i m i d a z o l e s ,   s u c h   as  5—  n i t r o b e n z -  

5  i m i d a z o l e s ;   b e n z o t h i a z o l e s   ,  s u c h   as  5—  n i t r o b e n z o t h i -  

a z o l e   and  5—  m e t h y l b e n z o t h i a z o l e ;   h e t e r o c y c l i c  

t h i o n e s ,   s u c h   a s ,   1—  m e t h y l - 2 - t e t r a z o l i n e - 5 - t h i o n e ;  

t r i a z i n e s ,   s u c h   as  2,4—  d i m e t h y l a m i n o - 6 - c h l o r o - 5 - t r i -  

a z i n e ;   b e n z o x a z o l e s ,   s u c h   as  e t h y l b e n z o x a z o l e ;   a n d  

10  p y r r o l e s ,   s u c h   as  2,  5—  dime  thy   l p y r   r o l e .  

The  a n t i f o g g a n t s   can   be  e m p l o y e d   i n  

c o n v e n t i o n a l   c o n c e n t r a t i o n s .   The  b e n z o t r i a z o l e   c a n  

be  l o c a t e d   in  t he   e m u l s i o n   l a y e r   or  in  any  h y d r o -  

p h i l i c   c o l l o i d   l a y e r   of  t he   p h o t o g r a p h i c   e l e m e n t   in  a  
-4   - 1  

15  c o n c e n t r a t i o n   in  t he   r a n g e   of  f rom  10  to  10  , 
—3  —2 

p r e f e r a b l y   10  to  3  X  10  ,  mole   p e r   mole   o f  

s i l v e r .   When  t he   b e n z o t r i a z o l e   a n t i f o g g a n t   is   a d d e d  

to  t h e   d e v e l o p e r ,   i t   is  e m p l o y e d   in  a  c o n c e n t r a t i o n  
—6  -1  —5 

of  f rom  10  to  a b o u t   10  ,  p r e f e r a b l y   3  X  10  
—2 

20  and  3  X  10  ,  mole   pe r   l i t e r   of  d e v e l o p e r .  

In  a d d i t i o n   to   t he   c o m p o n e n t s   of  t h e  

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

l a y e r s   d e s c r i b e d   a b o v e   i t   is   a p p r e c i a t e d   t h a t   o t h e r  

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

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

be  p r e s e n t .   For  e x a m p l e ,   t he   p h o t o g r a p h i c   e l e m e n t s  

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

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

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

30  i l l u s t r a t e d   in  R e s e a r c h   D i s c l o s u r e ,   c i t e d   a b o v e ,   I t e m  

1 7 6 4 3 ,   S e c t i o n s   X I I ,   X I I I ,   and  XVI.  The  e l e m e n t s   c a n  

be  e x p o s e d   as  d e s c r i b e d   in  S e c t i o n   X V I I I .  

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

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

35  f o l l o w i n g   e x p o s u r e   to  fo rm  a  r e l a t i v e l y   h i g h   c o n t r a s t  

image  by  a s s o c i a t i n g   t he   s i l v e r   h a l i d e   w i t h   a n  

a q u e o u s   a l k a l i n e   medium  in  t he   p r e s e n c e   of  a  
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d e v e l o p i n g   a g e n t   c o n t a i n e d   in  t he   medium  or  t h e  
e l e m e n t .   P r o c e s s i n g   f o r m u l a t i o n s   and  t e c h n i q u e s   a r e  
d e s c r i b e d   in  L . F .   Mason ,   P h o t o g r a p h i c   P r o c e s s i n g  

C h e m i s t r y ,   F o c a l   P r e s s ,   L o n d o n ,   1966 ;   P r o c e s s i n g  

5  C h e m i c a l s   and  F o r m u l a s   .  P u b l i c a t i o n   J - l ,   E a s t m a n  

Kodak  Company ,   1973 ;   P h o t o - L a b   I n d e x ,   Morgan   a n d  

M o r g a n ,   I n c . ,   Dobbs  F e r r y ,   New  York  1977 ;   a n d  

N e b l e t t e   's  H a n d b o o k   of  P h o t o g r a p h i c   and  R e p r o g r a p h i c  

M a t e r i a l s   ,  P r o c e s s e s   and  S y s t e m s   ,  V a n N o s t r a n d  

10  R e i n h o l d   Company ,   7 th   E d . ,   1 9 7 7 .  

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

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

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

15  e m p l o y e d   in  c o n j u n c t i o n   w i t h   l i t h   p h o t o g r a p h i c  
e l e m e n t s   to  o b t a i n   v e r y   h i g h   c o n t r a s t   i m a g e s .   When  

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

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

an  a c t i v a t o r ,   w h i c h   can   be  i d e n t i c a l   to  t he   d e v e l o p e r  

20  in  c o m p o s i t i o n ,   b u t   l a c k i n g   a  d e v e l o p i n g   a g e n t .   V e r y  

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

t h e   r a n g e   of  f rom  1 0 . 5   to  1 3 . 0 ,   p r e f e r a b l y   11  t o  

1 2 . 5 .   I t   is   a l s o   an  a d v a n t a g e   of  t h i s   i n v e n t i o n   t h a t  

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

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

a l k a l i   s u l f i t e s   ( e . g . ,   s o d i u m   or  p o t a s s i u m   s u l f i t e ,  

b i s u l f i t e   or  m e t a s u l f i t e )   t h a n   has   h e r e t o f o r e   b e e n  

f e a s i b l e   in  t r a d i t i o n a l   l i t h   p r o c e s s i n g .   T h i s   a l l o w s  

30  t h e   d e v e l o p e r s   to  be  s t o r e d   f o r   l o n g e r   p e r i o d s .   A n y  

p r e s e r v a t i v e   or  p r e s e r v a t i v e   c o n c e n t r a t i o n   c o n v e n -  

t i o n a l   in  l o w e r   c o n t r a s t   p r o c e s s i n g   can   be  e m p l o y e d ,  
s u c h   a s ,   f o r   i n s t a n c e ,   a  s u l f i t e   ion   c o n c e n t r a t i o n   i n  

t h e   r a n g e   of  f rom  a b o u t   0 . 1 5   to  1 .2   mole   p e r   l i t e r   o f  

35  d e v e l o p e r .  

The  d e v e l o p e r s   a r e   t y p i c a l l y   a q u e o u s  
s o l u t i o n s ,   a l t h o u g h   o r g a n i c   s o l v e n t s ,   s u c h   a s  
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d i e t h y l e n e   g l y c o l ,   can   a l s o   be  i n c l u d e d   to  f a c i l i t a t e  

t he   s o l v e n c y   of  o r g a n i c   c o m p o n e n t s .   The  d e v e l o p e r s  

c o n t a i n   one  or  a  c o m b i n a t i o n   of  c o n v e n t i o n a l  

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

5  a m i n o p h e n o l ,   para—  p h e n y l   e n e d i   a m i n e ,   a s c o r b i c   a c i d ,  

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

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

a g e n t s .   I t   is  p r e f e r r e d   to  e m p l o y   h y d r o q u i n o n e   a n d  

3 - p y r a z o l i d o n e   d e v e l o p i n g   a g e n t s   in  c o m b i n a t i o n .   T h e  

10  pH  of  t h e   d e v e l o p e r s   can  be  a d j u s t e d   w i t h   a l k a l i  

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

b a s i c   s a l t s .   To  r e d u c e   g e l a t i n   s w e l l i n g   d u r i n g  

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

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

15  s u c h   as  s o d i u m   t h i o c y a n a t e   can  be  p r e s e n t   to  r e d u c e  

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

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

i t s   s o d i u m   s a l t ,   can   be  p r e s e n t .   G e n e r a l l y ,   a n y  
c o n v e n t i o n a l   d e v e l o p e r   c o m p o s i t i o n   can  be  e m p l o y e d   i n  

20  t he   p r a c t i c e   of  t h i s   i n v e n t i o n .   S p e c i f i c   i l l u s t r a -  

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

H a n d b o o k   of  C h e m i s t r y   and  P h y s i c s   ,  3 6 t h   E d i t i o n ,  

u n d e r   t he   t i t l e   " P h o t o g r a p h i c   F o r m u l a e "   a t   p age   3 0 0 1  

et   s e q .   ,  and  in  P r o c e s s i n g   C h e m i c a l s   and  F o r m u l a s ,  

25  6 t h   E d i t i o n ,   p u b l i s h e d   by  E a s t m a n   Kodak  C o m p a n y  

( 1 9 6 3 ) ,   t h e   d i s c l o s u r e s   of  w h i c h   a r e   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  p h o t o g r a p h i c   e l e m e n t s   c a n ,  

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

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

30  M a s s e t h   U .S .   P a t e n t   3 , 5 7 3 , 9 1 4   and  V a n R e u s e l   U . K .  

P a t e n t   1 , 3 7 6 , 6 0 0 .   A  p r e f e r r e d   d e v e l o p e r   is   d i s c l o s e d  

by  N o t h n a g l e   U.S .   P a t e n t   4 , 2 6 9 , 9 2 9 .  

E x a m p l e s  

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  

35  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 :  
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E x a m p l e   1 

C o a t i n g   la  ( C o n t r o l )  

A  c u b i c   b romo  i o d i d e   e m u l s i o n   ( 2 . 5   mole   % 

i o d i d e ;   mean  g r a i n   s i z e   0 . 2 6   )im)  was  c o a t e d   on  a  

5  p o l y e s t e r   s u p p o r t   o v e r   a  g e l a t i n   u n d e r c o a t   c o n t a i n i n g  
2 

1 . 2 9   g/m  g e l a t i n .   The  e m u l s i o n   was  c o a t e d   a t   4 . 3 0  
2  2 

g/m  Ag,  2 . 6 9   g/m  g e l a t i n ,   and  c o n t a i n e d   t h e  

s p e c t r a l   s e n s i t i z i n g   dye  a n h y d r o - 5   ,  5  , - d i c h l o r o - 9 -  

e t h y   1-3  ,  3  ' - b i s   (  3 - s u l f   o p r o p y l   ) o x a c a r b o c y a n i n e  

10  h y d r o x i d e ,   t r i e t h y l a m i n e   s a l t   a t   216  mg/Ag  m o l e ;   t h e  

c o n t r a s t   e n h a n c i n g   a r y l h y d r a z i d e s   l - f o r m y l - 2 - { 4 - [ 2 -  

(  2  ,  4 - d i - t e r t - p e n t y   l p h e n o x y   ) b u t y r a m i d o ] p h e n y   1  } -  

h y d r a z i n e   a t   600  mg/Ag  m o l e ,   and  l - [ 4 - ( 2 - f o r m y l h y d r a -  

z i n o ) p h e n y l ] - 3 - h e x y l u r e a   a t   120  mg/Ag  m o l e ;   t h e  

15  a d d e n d a   o l e i c   e t h e r   of  p o l y e t h y l e n e   g l y c o l   ( m . w .  

1 5 4 0 )   a t   250  mg/Ag  m o l e ;   4 - h y d r o x y - 6 - m e t h y l -  

1  ,  3,  3a,   7 - t e t r a a z a i n d e n e ,   s o d i u m   s a l t   a t   1  g /Ag  m o l e ;  

and  a  l a t e x   c o p o l y m e r   of  m e t h y l   a c r y l a t e ;  

2 - a c r y l a m i d o —   2—  m e t h y l p r o p a n e s u l f o n i c   a c i d ,   s o d i u m  

20  s a l t ;   and  2 - a c e t o a c e t o x y e t h y l   m e t h a c r y l a t e   ( 8 8 : 5 : 7  

wt .   r a t i o )   a t   34  g /Ag   m o l e .   The  e m u l s i o n   w a s  
2 

o v e r c o a t e d   w i t h   1 . 3 8   g/m  g e l a t i n .   The  l a y e r s   w e r e  

h a r d e n e d   w i t h   b i s ( v i n y l s u l f   o n y l m e t h y l )   e t h e r   a t   2 . 5 %  

of  t h e   t o t a l   w e i g h t   of  g e l a t i n .  

25  C o a t i n g   lb   ( I n v e n t i o n )  

C o a t i n g   lb  was  p r e p a r e d   s i m i l a r l y   as  C o a t i n g  
—2 

l a ,   e x c e p t   t h a t   4 . 5   X  10  mole   p e r   mole   Ag  o f  

h y d r o q u i n o n e   was  a d d e d   to  t he   e m u l s i o n   l a y e r .  

C o a t i n g   lc  ( C o n t r o l )  

30  C o a t i n g   lc   was  p r e p a r e d   s i m i l a r l y   as  C o a t i n g  
- 2  

l a ,   e x c e p t   t h a t   1 8 . 2   X  10  m o l e / A g   mole   o f  

h y d r o q u i n o n e   was  a d d e d   to  t he   e m u l s i o n   l a y e r .  

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

to  t h e   f o l l o w i n g   t e s t s :  

35  P r e s s u r e   S e n s i t i v i t y   T e s t  

S a m p l e s   of  u n e x p o s e d   f i l m   we re   p a s s e d   u n d e r  

a  1 0 , 0 0 0   p . s . i .   ( 6 8 , 9 5 0   kPa)   w h e e l   t h e n   e x p o s e d   to  a  
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s t e p   wedge  and  p r o c e s s e d   in  s e a s o n e d   d e v e l o p e r   of  t h e  

t y p e   d e s c r i b e d   in  N o t h n a g l e   U.S .   P a t e n t   4 , 2 6 9 , 9 2 9   ( 3 3  

s ec   a t   3 8 ° C ) .   The  s t r i p s   were   t h e n   v i s u a l l y  
e v a l u a t e d   f o r   d e n s i t y   i n c r e a s e s   c a u s e d   by  t h e  

5  a p p l i c a t i o n   of  p r e s s u r e   in  t h e   D-min  and  i n t e r m e d i a t e  

d e n s i t y   a r e a s .   The  r e s u l t s   a r e   t a b u l a t e d   in  T a b l e   I .  
S i n g l e   Arm  P h o t o g r a p h i c   A b r a s i o n   T e s t  

U n p r o c e s s e d   f i l m   is   p r e s s e d   u n d e r   a  l o a d e d  
76  um  s a p p h i r e   s t y l u s ,   p r o c e s s e d   as  d e s c r i b e d  

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

m e a s u r e d .   The  r e s u l t s   a r e   t a b u l a t e d   in  T a b l e   I .  

T a b l e   I.   P r e s s u r e   T e s t s  

S i n g l e   Arm  P h o t o   A b r a s i o n  

T e s t - N e t   D e n s i t y   of  L i n e  

C o a t i n g   No.  5  g  15  g  25  g  S e n s i t i v i t y   T e s t  
la  ( C o n t r o l )   .00  + . 0 6   + . 3 6   C o n s i d e r a b l e   m a r k i n g  
lb  ( I n v e n . )   .00  .00  .00  L e s s   m a r k i n g  
lc   ( C o n t r o l )   .00  .00  .00  Very   l i t t l e   m a r k i n g  

The  r e s u l t s   of  T a b l e   I  show  r e d u c e d   m a r k i n g  
20  in  t h e   P r e s s u r e   S e n s i t i v i t y   T e s t   f o r   t h e   c o a t i n g   o f  

t he   i n v e n t i o n ,   as  w e l l   as  e l i m i n a t i o n   of  m a r k i n g   i n  

t h e   S i n g l e   Arm  P h o t o   A b r a s i o n   T e s t .   The  p r e s s u r e  
e f f e c t s   were   s i m i l a r l y   r e d u c e d   in  C o n t r o l   C o a t i n g   l c ,  
b u t   t h i s   h i g h   l e v e l   of  h y d r o q u i n o n e   r e s u l t e d   in  a n  

25  i n c r e a s e   in  t a c k i n e s s .  
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WHAT  IS  CLAIMED  I S :  

1.  A  n e g a t i v e   w o r k i n g   p h o t o g r a p h i c   e l e m e n t  

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

c o m p r i s e d   o f  

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

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   l a y e r   c o m p r i s e d  
of  s u r f a c e   l a t e n t   image   f o r m i n g   m o n o d i s p e r s e d   s i l v e r  
h a l i d e   g r a i n s   h a v i n g   a  mean  d i a m e t e r   of  l e s s   t h a n   0 . 7  

vm,  

10  c h a r a c t e r i z e d   in  t h a t   s a i d   e m u l s i o n   l a y e r  
c o n t a i n s   in  an  a m o u n t   s u f f i c i e n t   to  r e d u c e   p r e s s u r e  
s e n s i t i v i t y   a  p o l y h y d r o x y   s u b s t i t u t e d   b e n z e n e ,  
p r o v i d e d   t h a t   any  1  , 4 - d i h y d r o x y b e n z e n e   p r e s e n t   i s  

o t h e r w i s e   u n s u b s t i t u t e d   or  o n l y   s u l f o   s u b s t i t u t e d   a n d  
o 15  p r e s e n t   in  a  c o n c e n t r a t i o n   of  l e s s   t h a n   5  X  1 0  

mole   p e r   s i l v e r   m o l e .  

2.  A  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   t o  

c l a i m   1  in  w h i c h   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   of  a  
c u b i c   c r y s t a l l o g r a p h i c   f o r m .  

20  3.  A  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   t o  

c l a i m   1  or  2  in  w h i c h   s a i d   e m u l s i o n   i s   a  s i l v e r  

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

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

4.  A  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   a n y  
25  one  of  c l a i m s   1  t h r u   3  in  w h i c h   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   s e n s i t i z e d .  

5.  A  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   t o  

c l a i m   4  in  w h i c h   s a i d   a  s p e c t r a l   s e n s i t i z i n g   dye  i s  

a d s o r b e d   to  t he   s u r f a c e   of  s a i d   s i l v e r   h a l i d e   g r a i n s .  
30  6.  A  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   t o  

c l a i m   4  or  5  in  w h i c h   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  
s u r f a c e   s u l f u r   s e n s i t i z e d .  

7.  A  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   a n y  
one  of  c l a i m s   4  t h r u   6  in  w h i c h   s a i d   s i l v e r   h a l i d e  

35  g r a i n s   c o n t a i n   a  Group   V I I I   n o b l e   m e t a l   as  a n  
i n t e r n a l   d o p a n t .  
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8.  A  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  a n y  

one  of  c l a i m s   1  t h r u   7  in  w h i c h   s a i d   e m u l s i o n   l a y e r  

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

9.  A  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  a n y  

5  one  c l a i m s   1  t h r u   8  in  w h i c h   s a i d   p o l y h y d r o x y b e n z e n e  

is  a  h y d r o q u i n o n e .  

10.  A  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  a n y  

one  of  c l a i m s   1  t h r u   8  in  w h i c h   s a i d   p o l y h y d r o x y -  

b e n z e n e   is   a  c a t e c h o l .  

10  11.  A  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  a n y  

one  of  c l a i m s   1  t h r u   8  w h i c h   s a i d   p o l y h y d r o x y b e n z e n e  

is   a  r e s o r c i n o l .  
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