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iM)  High  sensitivity  and  developability  multilayer  color  photographic  material. 
The  photographic  characteristics  of  a  photographic  color 

material  can  be  improved  if  a  layer  packet  is  used  which 
includes,  in  the  indicated  order  starting  from  the  base  and 
going  outwards,  at  least  one  red-sensitive  gelatin  silver 
halide  emulsion  layer  including  cyan  dye  forming  couplers, 
an  intermediate  layer  including  from  0.1  to  1  gram  per 
square  meter  of  a  fine  light  insensitive  gelatin  silver  halide 
emulsion  and  at  least  one  green-sensitive  gelatin  silver 
halide  emulsion  layer  including  magenta-dye  forming  cou- 
plers  associated  with  DIR  compounds. 



Field  Of  The  I n v e n t i o n  

The  p resen t   i n v e n t i o n   re fers   to  a  m u l t i l a y e r   c o l o r  

p h o t o g r a p h i c   m a t e r i a l   and  in  p a r t i c u l a r   to  a  m u l t i l a y e r   c o l o r  

p h o t o g r a p h i c   m a t e r i a l   hav ing   h igh   s e n s i t i v i t y   and  d e v e l o p a b i l i t y  

and  good  image  q u a l i t y .  

Descr ip t ion   Of  The  Pr ior   Ar t  

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

c o n s i s t s   of  a  base  hav ing   coated   t he r eon   a  r e d - s e n s i t i v e   e m u l s i o n  

l a y e r   c o n t a i n i n g   a  c y a n - d y e   fo rming   coup le r ,   a  g r e e n - s e n s i t i v e  

emuls ion   l a y e r   c o n t a i n i n g   a  m a g e n t a - d y e   forming  c o u p l e r ,   a  

b l u e - s e n s i t i v e   emulsion  l ayer   c o n t a i n i n g   a  y e l l o w - d y e   f o r m i n g  

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

and  a  p r o t e c t i v e   l a y e r .  

It  is  s t r o n g l y   d e s i r e d   to  ob ta in   m u l t i l a y e r   c o l o r  

p h o t o g r a p h i c   m a t e r i a l s   hav ing   h igh   s e n s i t i v i t y   and  good  i m a g e  

q u a l i t y .   Normal ly ,   high  s e n s i t i v i t y   and  good  image  q u a l i t y   c a n n o t  

be  o b t a i n e d   t o g e t h e r ,   since  h igh  s e n s i t i v i t y   is  o b t a i n e d   b y  

i n c r e a s i n g   the  d imens ions   of  the  s i l v e r   ha l i de   g r a i n s   and  t h i s  

c a u s e s   an  i n c r e a s e   of  image  g r a n u l a r i t y .   The  use  of  c o m p o u n d s  

which  d u r i n g   deve lopment   r e l e a s e   a  d e v e l o p m e n t - i n h i b i t i n g   com-  

pound  (the  s o - c a l l e d   DIR  c o m p o u n d s ) ,   as  d e s c r i b e d   in  US  p a t e n t s  

3 ,227 ,554   and  3 ,773,201,   causes   a  d e c r e a s e   of  such  g r a n u l a r i t y   a n d  

it  is  t h e r e f o r e   usua l   to  employ  such  compounds   in  h i g h - s e n s i t i v i t y  

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

The  use  of  a  f ine,   l igh t   i n s e n s i t i v e   s i l v e r   h a l i d e  

emuls ion   in  combina t ion   with  DIR  compounds   has  been  d e s c r i b e d   i n  



US  p a t e n t s   3 ,892 ,572   and  4 ,153 ,460 .   In  the  f i rs t   case ,   such  a  f i n e ,  

l igh t   i n s e n s i t i v e   emuls ion   has  been  used  d i s p e r s e d   in  a  g e l a t i n  

l a y e r   to  a b s o r b   the  deve lopmen t   i n h i b i t i n g   compound  r e l e a s e d   b y  

such  c o u p l e r s .   In  the  second  case ,   the  DIR  compounds ,   t o g e t h e r  

with  2 - e q u i v a l e n t   cyan  forming  c o u p l e r s ,   have  been  combined  w i t h  

such  a  l a y e r   i n c l u d i n g   a  l igh t   i n s e n s i t i v e ,   fine  g r a i n   emuls ion   to 

i n c r e a s e   the  s e n s i t i v i t y   of  the  r e d - s e n s i t i v e   l a y e r .  

A  t e c h n i q u e   known  to  p r o v i d e   h i g h - s e n s i t i v i t y  

p h o t o g r a p h i c   m a t e r i a l s   is  the  m u l t i l a y e r   t e c h n i q u e   ( d e s c r i b e d   in  GB 

p a t e n t   923,045)  which  cons i s t s   of  u s ing   more  l a y e r s   with  d i f f e r e n t  

s e n s i t i v i t i e s   (a lso   c a l l ed   h e m i l a y e r s )   for  the  fo rmat ion   of  at  l e a s t  

one  of  the  t h r ee   main  colors   which  form  a  c o n v e n t i o n a l   color  i m a g e  

( c y a n ,   m a g e n t a   and  ye l l ow) .   The  more  s e n s i t i v e ,   coarse   g r a i n  

emuls ion   is  used   to  r ecord   low  e x p o s u r e s   and  the  less  s e n s i t i v e  

emuls ion   is  used  to  r eco rd   h i g h e r   i n t e n s i t y   e x p o s u r e s .   Of  c o u r s e ,  

the  two  e m u l s i o n s ,   s e n s i t i v e   to  the  same  reg ion   of  l igh t   a n d  

forming  the  same  color,   are  chosen  in  t h e i r   s e n s i t o m e t r i c   c u r v e s  

(which  def ine   s e n s i t i v i t y ,   c o n t r a s t   and  maximum  d e n s i t y ) ,   to  m a t c h  

and  form  the  d e s i r e d   s e n s i t o m e t r i c   c u r v e ,   as  known  in  the  a r t .   I n  

this   sense ,   we  can  speak   of  " m a t c h e d "   h e m i l a y e r s .   The  more  

s e n s i t i v e   emu l s ion   is  used  in  a  h i g h e r   q u a n t i t y   with  r e spec t   to  t h e  

less  s e n s i t i v e   emuls ion   but  c o n t a i n s   a  lower  p r o p o r t i o n   of  c o u p l e r  

( i . e .   a  high  s i l v e r / c o u p l e r   r a t i o ) .   This  is  t rue  also  when  t h r e e  

e m u l s i o n s   are  used  r e s p e c t i v e l y   to  r e c o r d   low,  middle  and  h i g h  

e x p o s u r e s   (as  d e s c r i b e d   in  US  p a t e n t   3 , 8 4 3 , 3 6 9 ) .   In  any  case ,   t h e  

lowest   s e n s i t i v i t y   emuls ion  is  used  in  a  lower  q u a n t i t y   w i t h  

r e s p e c t   to  the  h ighes t   s e n s i t i v i t y   emul s ion   or  e m u l s i o n s ,   but  w i t h  

a  r e l a t i v e l y   h i g h e r   coup le r   q u a n t i t y ,   i . e .   with  a  low  s i l -  

v e r / c o u p l e r   r a t i o .   This  a t t empts   to  p r o v i d e   a  m a t e r i a l   hav ing   t h e  

s e n s i t i v i t y   of  the  most  s e n s i t i v e   l a y e r   and  the  g r a in   c h a r a c t e r -  

i s t i c s   of  the  l ea s t   s ens i t i ve   l a y e r .   Such  t e c h n i q u e s ,   however ,   h a v e  

not  s u f f i c i e n t l y   p r o v i d e d   the  man  s k i l l e d   in  the  art   with  means  to  



improve   s e n s i t i v i t y   and  q u a l i t y   as  d e s i r e d .  

Summary  Of  The  I n v e n t i o n  

According   to  the  p re sen t   i n v e n t i o n   it  has  b e e n  

found  tha t   the  s e n s i t o m e t r i c   c h a r a c t e r i s t i c s   o f   a  p h o t o g r a p h i c  

m a t e r i a l   can  be  improved   as  d e s i r e d ,   if  a  l a y e r   p a c k e t   is  u s e d  

which  compr i ses   in  the  i n d i c a t e d   order   s t a r t i n g   from  the  b a s e  

o u t w a r d s ,   at  l e a s t   a  r e d - s e n s i t i v e   l aye r   i n c l u d i n g   a  cyan   f o r m i n g  

c o u p l e r ,   a  l a y e r   i n c l u d i n g   from  0.1  to  1  gram  of  s i l v e r   per  s q u a r e  

meter  of  a  fine  g r a i n   l igh t   i n s e n s i t i v e   s i l ve r   h a l i d e   emuls ion   a n d  

at  l eas t   a  g r e e n - s e n s i t i v e   l a y e r   i n c l u d i n g   a  DIR  c o m p o u n d  

a s s o c i a t e d   with  a  m a g e n t a   forming  c o u p l e r .   It  has  been  found  i n  

p a r t i c u l a r   tha t   the  b e n e f i c i a l   effects   of  the  p r e s e n c e   of  the  l i g h t  

i n s e n s i t i v e   emuls ion   l a y e r   o c c u r r e d   not  only  in  the  g r e e n - s e n s i t i v e  

l a y e r   where  the  DIR  compound  was  p r e s e n t ,   but  also  in  t h e  

r e d - s e n s i t i v e   l a y e r   where  no  DIR  coup le r   was  p r e s e n t .  

Still  in  p a r t i c u l a r ,   it  has  been  found  tha t   t h e  

m u l t i l a y e r   t e c h n i q u e ,   a c c o r d i n g   to  which  the  l a y e r s ,   in  p a r t i c u l a r  

the  m a g e n t a   a n d / o r   cyan  l a y e r ,   each  cons is t   of  two  or  more  l a y e r s  

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

p u r p o s e s   of  the  p r e sen t   i n v e n t i o n .  

De ta i l ed   D e s c r i p t i o n   Of  The  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   refers   to  a  m u l t i l a y e r   c o l o r  

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

l a y e r s   r e s p e c t i v e l y   s e n s i t i v e   to  the  red,  to  the  g reen   and  to  t h e  

blue  r eg ions   of  the  l igh t   and  r e s p e c t i v e l y   being  c a p a b l e   of  f o r m i n g  

cyan ,   magen ta   and  yellow  images   upon  c o u p l i n g   with  o x i d i z e d  

color  d e v e l o p e r .   The  green   l a y e r   or  l aye r s   i nc lude   DIR  c o m p o u n d s  

a s s o c i a t e d   with  magen ta   forming  coup le r s   and  are  coa ted   on  a  



l i gh t   i n s e n s i t i v e   fine  g r a i n   s i l v e r   h a l i d e   emuls ion   l aye r   on  i t s  

tu rn   coa ted   on  sa id   red  s e n s i t i v e   l a y e r   or  l a y e r s   at  a  s i l v e r  

c o v e r a g e   of  0.1  to  1  gram  per  s q u a r e   meter ,   p r e f e r a b l y   of  0.2  to  

0.4  gram  per  s q u a r e   m e t e r .  

P r e f e r a b l y ,   the  p r e s e n t   i n v e n t i o n   re fers   to  a  m u l t i -  

l a y e r   color  p h o t o g r a p h i c   m a t e r i a l   as  d e s c r i b e d   above ,   where in   two 

g r e e n - s e n s i t i v e   h e m i l a y e r s   are  u sed ,   r e s p e c t i v e l y   h a v i n g   a  low  a n d  

a  h igh   s e n s i t i v i t y ,   to  form  the  m a g e n t a   image  and  two  r e d - s e n s i -  

t ive  h e m i l a y e r s   are  used ,   r e s p e c t i v e l y   h a v i n g   a  low  and  a  h i g h  

s e n s i t i v i t y ,   to  form  the  cyan  i m a g e .  

More  p r e f e r a b l y ,   the  p r e s e n t   i n v e n t i o n   re fe rs   to  a  

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

a  t h i r d   r e d - s e n s i t i v e   m i d d l e - s e n s i t i v i t y   h e m i l a y e r   is  used  i n  

a d d i t i o n   to  s a id   low  and  h igh  s e n s i t i v i t y   h e m i l a y e r s .  

St i l l   more  p r e f e r a b l y ,   the  p r e s e n t   i n v e n t i o n   r e f e r s  

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

which  i n c l u d e s   l a y e r s   coa ted   one  on  the  o ther   s t a r t i n g   from  t h e  

b a s e ,   in  the  o r d e r :   r e d - s e n s i t i v e   l o w - s e n s i t i v i t y   l a y e r ,   r e d - s e n s i -  

t ive  m i d d l e - s e n s i t i v i t y   l a y e r ,   r e d - s e n s i t i v e   h i g h - s e n s i t i v i t y   l a y e r ,  

n o n - s e n s i t i v e   l a y e r ,   g r e e n - s e n s i t i v e   l o w - s e n s i t i v i t y   l a y e r ,   g r e e n -  

s e n s i t i v e   h i g h - s e n s i t i v i t y   l a y e r ,   yel low  f i l t e r   l a y e r ,   b l u e - s e n s i t i v e  

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

In  p a r t i c u l a r ,   the  p r e s e n t   i n v e n t i o n   re fers   to  a  

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

sa id   DIR  compound   is  a  DIR  coup l e r   r e p r e s e n t e d   by  g e n e r a l  

fo rmula   ( I ) :  

whe re in   COUP  r e p r e s e n t s   a  m a g e n t a   c o u p l e r   r e s i d u e   (such  as  e . g .  

a  5 - p y r a z o l o n e   c o u p l e r ,   a  p y r a z o l o b e n z i m i d a z o l e   c o u p l e r ,   a  

c y a n o a c e t y l c u m a r o n e   coup l e r   and  a  i n d a z o l o n e   coupler )   w h i c h  

coup les   with  the  o x i d a t i o n   p r o d u c t   of  a  d e v e l o p i n g   agent   of  t h e  

p r i m a r y   a r o m a t i c   amine  type  to  give  a  magen ta   dye  and  Z 



r e p r e s e n t s   an  o r g a n i c   r e s i d u e   which  can  be  r e l e a s e d   by  (1)  d u r i n g  

the  c o u p l i n g   r e a c t i o n   with  the  o x i d a t i o n   p r o d u c t   of  the  p r i m a r y  

a r o m a t i c   amine  to  i n h i b i t   deve lopmen t   in  the  s i l v e r   ha l ide   e m u l s i o n  

l a y e r   ( examples   of  such  o r g a n i c   r e s idue   be ing   h e t e r o c y c l i c   r e s i d u e s  

which  form  1 - t r i a z o l e   or  1 -d iazo le   r i n g s ,   2 - b e n z o t r i a z o l e   r e s i d u e s ,  

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

More  in  p a r t i c u l a r ,   the  p r e s e n t   i n v e n t i o n   refers   to  

a  m u l t i l a y e r   color  p h o t o g r a p h i c   m a t e r i a l   as  d e s c r i b e d   above  w h e r e -  

in  sa id   DIR  coup le r   is  r e p r e s e n t e d   by  g e n e r a l   formula   ( I I ) :  

w h e r e i n   R  r e p r e s e n t s   an  a ry l   g roup ,   a  h e t e r o c y c l i c   g roup ,   a n  

a l k y l   g roup;   R'  r e p r e s e n t s   an  a lky l   g roup ,   an  a lkoxy   group,   a n  

a r y l o x y   group,   an  a ry l   g roup ,   a  h e t e r o c y c l i c   r ing  r e s idue ,   a n  

amino  group,   an  a r y l a m i n o   g roup ,   a  u re ido   g roup ;   A  r e p r e s e n t s  

s u l f u r   or  selenium  and  D  r e p r e s e n t s   a  g roup   which,   toge ther   w i t h  

the  su l fu r   or  se lenium  of  the  t h i o e t h e r   or  s e l e n o e t h e r   bond,  when  

such  atom  is  r e l e a s e d   d u r i n g   c o u p l i n g ,   forms  a  compound  e x e r t i n g  

a  deve lopmen t   i n h i b i t i n g   e f f e c t .  

The  p r e s e n t   i n v e n t i o n   p r e f e r a b l y   refers   to  a  

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

the  non  l i g h t - s e n s i t i v e   s i l v e r   ha l ide   i n c l u d e d   in  the  i n t e r m e d i a t e  

l a y e r   is  s i lve r   b r o m o - i o d i d e ,   more  p r e f e r a b l y   s i l ve r   b r o m o - i o d i d e  

c o n t a i n i n g   from  1  to  4  per  cent  of  s i l v e r   iodide  moles,  and  t h e  

most  p r e f e r a b l y   s i lve r   b r o m o - i o d i d e   c o n t a i n i n g   about   2  per  cent  of  

s i l v e r   iodide  mo les .  

More  p r e f e r a b l y   the  p r e s e n t   i n v e n t i o n   refers   to  a  

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

t h e   l igh t   i n s e n s i t i v e   s i l v e r   ha l ide   g r a i n s   have  mean  sizes  l o w e r  

than   0.2  /u,   more  p r e f e r a b l y   lower  than  0.1  / u .  



The  DIR  compounds  used  in  the  p r a c t i c e   of  t h e  

p r e s e n t   i n v e n t i o n   are  those  compounds   which   d u r i n g   d e v e l o p m e n t  

r e l e a s e   a  d e v e l o p m e n t   i n h i b i t i n g   compound .   Compounds  of  this  t y p e  

are  for  i n s t a n c e   the  DIR  coup le r s   which  r e l e a s e   a  d e v e l o p m e n t  

i n h i b i t i n g   compound  d u r i n g   the  r e a c t i o n   with  the  o x i d a t i o n   p r o d u c t  

of  a  color  d e v e l o p e r   to  form  a  dye,  such  as  those  d e s c r i b e d   e . g .  

i n  U S   p a t e n t   3 ,227 ,554;   the  TIMING-DIR  c o u p l e r s   which  r e l e a s e  

a  d e v e l o p m e n t   i n h i b i t i n g   compound  with  the  c a p a b i l i t y   of  c o n -  

t r o l l i n g   the  r e l e a s e   time,  such  as  those  d e s c r i b e d   e .g .   in  GB 

p a t e n t   a p p l i c a t i o n s   2 ,010,818  and  2 ,072 ,363 ;   DIR  h y d r o q u i n o n e s  

which  r e l e a s e   a  d e v e l o p m e n t   i n h i b i t i n g   compound  upon  o x i d a t i o n -  

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

d e v e l o p i n g   a g e n t ,   such  as  those  d e s c r i b e d   in  US  p a t e n t s   3 , 6 3 9 , 4 1 7  

and  3 ,379 ,529 ;   o ther   DIR  s u b s t a n c e s   which   r e l e a s e   d e v e l o p m e n t  

i n h i b i t i n g   compounds   d u r i n g   the  r e a c t i o n   with  the  o x i d a t i o n  

p r o d u c t   of  a  color  d e v e l o p i n g   agen t   to  form  a  s u b s t a n t i a l l y  

co lo r l e s s   compound ,   such  as  those  d e s c r i b e d   in  US  p a t e n t s  

3 ,958 ,993;   3 ,961 ,959;   3 ,938,996;   3,928,041  and  3 , 6 3 2 , 3 4 5 .  

The  DIR  c o u p l e r s ,   which  are  the  DIR  c o m p o u n d s  

p r e f e r r e d   to  the  p u r p o s e s   of  the  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  the  fo l lowing   formula   ( I ) :  

w h e r e i n   COUP  r e p r e s e n t s   a  magen ta   c o u p l e r   r e s i d u e   which  r e a c t s  

with  the  o x i d a t i o n   p r o d u c t s   of  a  d e v e l o p i n g   agen t   of  the  p r i m a r y  

a r o m a t i c   amine  type  to  give  a  m a g e n t a   dye  and  Z  r e p r e s e n t s   a n  

o r g a n i c   group  which  can  be  r e l e a s e d   d u r i n g   coup l i ng   r eac t ion   a n d  

i n h i b i t s   d e v e l o p m e n t .   Examples   of  such  c o u p l e r s   are  the  5 - p y r a z o -  

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

rone  c o u p l e r s ,   the  i n d a z o l o n e   c o u p l e r s .   Examples   of  g r o u p s  

r e p r e s e n t e d   by  Z  are  the  h e t e r o c y c l i c   r e s i d u e s   which  form 

1 - t r i a z o l e   and  1 - d i a z o l e   r i n g s ,   the  2 - b e n z o t r i a z o l e   r e s i d u e s ,   t h e  

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



in  US  p a t e n t s   3 ,617,291;   3 ,622 ,328 ;   3 ,632,373;   3 ,620 ,745 ;   3 , 6 2 7 , 7 4 7 ;  

in  GB  p a t e n t s '  1 , 2 0 1 , 1 1 0 ;   1 ,261 ,061;   1,269,075  and  1 ,269 ,073 .   O t h e r  

e x a m p l e s   of  such  g roups   are  d e s c r i b e d   in  US  p a t e n t s   3 , 8 1 8 , 5 7 0 ;  

3 ,244 ,521 ;   3 ,499,761;   3 ,473 ,924 ;   3 ,575,699  and  3 ,554 ,757 ;   in  GB 

p a t e n t s   919,061  and  1 ,031,262;   in  FR  p a t e n t s   1 ,346,227  a n d  

1 ,594 ,983   and  in  DE  p a t e n t   1 , 2 9 4 , 1 8 8 .  

P r e f e r a b l y ,   the  DIR  c o u p l e r s   of  the  p r e s e n t  

i n v e n t i o n   are  those  r e p r e s e n t e d   by  the  fo l lowing  fo rmula   ( I I ) :  

w h e r e i n   R  r e p r e s e n t s   an  a ry l   group  ( e .g .   n a p h t h y l ,   p h e n y l ,  

2 , 4 , 6 - t r i c h l o r o p h e n y l ,   2 - c h l o r o - 4 , 6 - d i m e t h y l p h e n y l ,   2 , 6 - d i c h l o r o - 4 -  

m e t h o x y p h e n y l ,   4 - m e t h y l p h e n y l ,   4 - a c y l a m i n o p h e n y l ,   4 - a l k y l a m i n o -  

p h e n y l ,   4 - t r i f l u o r o m e t h y l p h e n y l ,   3 , 5 - d i b r o m o p h e n y l ,   e t c . ) ,   a  h e t -  

e r o c y c l i c   g roup   (e .g .   b e n z o f u r a n y l b e n z o t h i a z o l y l ,   q u i n o l y l ,   e tc . )   o r  

a  p r i m a r y ,   s e c o n d a r y   or  t e r t i a r y   a lky l   group  ( e .g .   me thy l ,   e t h y l ,  

t - b u t y l ,   b e n z y l ,   e t c . ) ;   R'  r e p r e s e n t s   a  p r i m a r y ,   s e c o n d a r y   o r  

t e r t i a r y   a lky l   group  ( e .g .   me thy l ,   p r o p y l ,   n - b u t y l ,   t e r t . - b u t y l ,  

h e x y l ,   2 - h y d r o x y e t h y l ,   2 - p h e n y l e t h y l ,   p e n t a d e c y l ,   e t c . ) ,   an  a l k o x y  

group   ( e . g .   methoxy,   e t h o x y ,   b e n z y l o x y ,   e t c . ) ,   an  a r y l o x y   g r o u p  

(e .g .   p h e n o x y ) ,   an  a ry l   group  ( e .g .   p h e n y l ,   2 , 4 - d i t e r t . - p h e n y l ,  

e t c . ) ,   a  h e t e r o c y c l i c   r ing   r e s i d u e   (e .g .   q u i n o l i n y l ,   p i p e r i d y l ,  

b e n z o f u r a n y l ,   o x a z o l y l ,   e t c . ) ,   an  amino  group  (e .g .   m e t h y l a m i n o ,  

d i e t h y l a m i n o ,   p h e n y l a m i n o ,   t o l y l a m i n o ,   4 - ( 3 - s u l f o b e n z a m i n o ) - a n i -  

l ino ,   2 - c h l o r o - 5 - a c y l a m i n o a n i l i n o ,   2 - c h l o r o - 5 - a l k o x y c a r b o n i l a n i l i n o ,  

e t c . ) ,   an  a cy l amino   group  ( e .g .   a l k y l c a r b o n a m i d o   such  a s  

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

such  as  b e n z o t h i a z o l y l c a r b o n a m i d o ,   s u l f o n a m i d o ,   h e t e r o c y c l i c   s u l -  

f onamido ,   e t c . ) ,   a  u re ido   g roup   (e .g .   a l k y l u r e i d o ,   a r y l u r e i d o ,  

h e t e r o c y c l i c   u re ido ,   e t c . ) ;   A  r e p r e s e n t s   su l fu r   or  se len ium  and  D 



r e p r e s e n t s   a  g roup   which,   t o g e t h e r   with  su l fu r   or  se lenium  of  t h e  

t h i o e t h e r   or  s e l e n o e t h e r   bond,   forms  a  deve lopment   i n h i b i t i n g   com- 

pound   which  can  be  r e l e a s e d   d u r i n g   the  coup l ing   r e a c t i o n .   T y p i c a l  

e x a m p l e s   of  D  i nc lude   an  a ry l   group  and  a  h e t e r o c y c l i c   r i n g .  

T y p i c a l   e x a m p l e s   of  sa id   g r o u p ,   where in   D  and  su l fu r   or  s e l e n i u m  

are  l i n k e d ,   i n c l u d e ,   if  A  is  s u l f u r ,   a  h e t e r o c y c l i c   m e r c a p t o  

r e s i d u e ,   e . g .   a  m e r c a p t o t e t r a z o l e   (in  p a r t i c u l a r   I - p h e n y l - 5 - m e r -  

c a p t o t e t r a z o l e ,   1 - n i t r o p h e n y l - 5 - m e r c a p t o t e t r a z o l e ,   1 - n a p h t h y l - 5 - m e r -  

c a p t o t e t r a z o l e ) ,   a  m e r c a p t o t h i a z o l e   (in  p a r t i c u l a r   2 - m e r c a p t o b e n z o -  

t h i a z o l e ,   m e r c a p t o n a p h t h o t h i a z o l e ) ,   a  m e r c a p t o o x a d i a z o l e ,   a  m e r -  

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

m e r c a p t o t r i a z i n e   and  a  m e r c a p t o t r i a z o l e   and,   as  an  a r y l m e r c a p t o  

g roup   r e s i d u e ,   inc lude   for  i n s t a n c e   a  m e r c a p t o b e n z e n e   ( i n  

p a r t i c u l a r   1 - m e r c a p t o - 2 - b e n z o i c   ac id ,   1 - m e r c a p t o - 2 - n i t r o b e n z e n e ,  

1 - m e r c a p t o - 3 - h e p t a d e c a n o y l a m i n o b e n z e n e ) .   If  A  is  se len ium,   as  t h e  

s e l e n o h e t e r o c y c l i c   g roup ,   I - p h e n y l - 5 - s e l e n o t e t r a z o l e ,   2 - s e l e n o b e n -  

zoxazo le   are  for  i n s t a n c e   i n c l u d e d   and,   as  the  a r y l s e l e n o   g roup ,   a  

s e l e n o b e n z e n e   [e .g .   4 - ( 4 - h y d r o p h e n y l s u l f o n y l ) s e l e n o p h e n o l j   is  for  

i n s t a n c e   i n c l u d e d .   Concrete   e x e m p l i f i c a t i o n   of  the  DIR  couple r   u s e d  

in  the  p r e s e n t   i n v e n t i o n   and  the  p r e p a r a t i o n   thereof   are  fo r  

i n s t a n c e   d e s c r i b e d   in  US  p a t e n t s   3 ,227,554  and  3 , 7 7 3 , 2 0 1 .  

In  order   to  r e n d e r   the  DIR  coup le r s   non  d i f f u s i b l e ,  

a  g roup   h a v i n g   a  h y d r o p h o b i c   r e s i d u e   with  about  8  to  32  c a r b o n  

atoms  is  i n t r o d u c e d   into  the  coup le r   molecule .   Such  a  r e s idue   i s  

c a l l e d   " b a l l a s t   g r o u p " .   The  b a l l a s t   group  is  l i nked   to  the  c o u p l e r  

n u c l e u s   d i r e c t l y   or  t h r o u g h   an  imino,  e ther ,   c a r b o n a m i d o ,  

s u l f o n a m i d o ,   u re ido ,   e s te r ,   imido,  c a r b a m o y l ,   su l f amoyl ,   e t c .  

bond .   Examples   of  b a l l a s t   g roups   are  s p e c i f i c a l l y   i l l u s t r a t e d   in  US 

p a t e n t   4 , 0 0 9 , 0 3 8 .  

The  m a g e n t a - d y e   forming  coup le r s   used  in  t h e  

g reen   s e n s i t i v e   emuls ion  l a y e r   can  be  5 - p y r a z o l o n e   c o u p l e r s ,  

p y r a z o l o t r i a z o l e   c o u p l e r s ,   p y r a z o l o b e n z i m i d a z o l e   coup le r s ,   c y a n o -  



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

c o u p l e r s   r e p r e s e n t e d   by  the  fo l lowing  formula   ( I I I )   are  u se fu l   i n  

this  i n v e n t i o n :  

where in   R  a n d   R'  have  the  above  d e s c r i b e d   m e a n i n g s   and  Z '  

r e p r e s e n t s   a  h y d r o g e n   atom  or  a  group  which  can  be  r e l e a s e d  

d u r i n g   color  d e v e l o p m e n t ,   such  as  a  t h i o c y a n o   g r o u p ,   an  a c y l o x y  

g roup ,   an  a r y l o x y   g roup ,   an  a lkoxy   g roup ,   an  a l k o x y c a r b o n y l o x y  

g roup ,   an  amino  group  such  as  a l k y l a m i n o ,   a r y l a m i n o ,   a l k y l s u l -  

fonamido ,   a r y l s u l f o n a m i d o ,   a r y l a m i d o ,   cycl ic   imino,  cyc l ic   i m i d o ,  

e t c . ,   an  a r y l a z o   g roup ,   an  a z o h e t e r o c y c l i c   g r o u p ,   a  h e t e r o c y c l i c  

g roup ,   as  d e s c r i b e d   for  i n s t a n c e   in  GB  p a t e n t   1 ,603,223  and  in  US 

p a t e n t   4 ,262 ,087 .   Such  coup le r s   are  made  non  d i f f u s i b l e   by  m e a n s  

of  b a l l a s t i n g   g r o u p s   as  d e s c r i b e d   above  for  the  DIR  c o u p l e r s .  

The  g r e e n - s e n s i t i v e   s i l ve r   ha l i de   emuls ion   l a y e r  

for  the  p u r p o s e s   of  the  p re sen t   i n v e n t i o n ,   p r e f e r a b l y   c o n s i s t s   o f  

two  or  more  emuls ion   h e m i l a y e r s   with  d i f f e r e n t   s e n s i t i v i t i e s .   T h e s e  

g r e e n - s e n s i t i v e   h e m i l a y e r s   can  be  used  in  c o m b i n a t i o n s   of  d i f f e r e n t  

s i l v e r / c o u p l e r   r a t i o s   and  of  d i f f e r e n t   color  maximum  d e n s i t i e s .   I n  

p a r t i c u l a r ,   to  the  pu rpose   of  a  b a t t e r   u t i l i t y ,   it  has  been  f o u n d  

that   the  s e n s i t i v i t y   d i f f e r ence   between  the  h i g h e r   s e n s i t i v i t y   l a y e r  

and  the  lower  s e n s i t i v i t y   l aye r   is  u s e f u l l y   in  the  r ange   from  3  t o  

8  DIN,  more  p r e f e r a b l y   from  4  to  6  DIN  (the  s e n s i t i v i t y   in  the  DIN 

system  is  d e r i v e d   from  the  exposu re   r e q u i r e d   to  p roduce   a  d e n s i t y  

of  0.1  above  fog  in  the  curve  of  d e n s i t y   vs.  log., ,   of  e x p o s u r e ,   a s  

d e s c r i b e d   in  P.  G l a fk ide s ,   Chimie  P h o t o g r a p h i q u e ,   1957,  p.  196, 

Publ .   P.  Montel,   P a r i s ) ;   that   the  s i l v e r / c o u p l e r   mole  r a t i o   of  t h e  

more  s e n s i t i v e   l a y e r   is  in  the  r ange   from  30/1  to  100/1,  more  

p r e f e r a b l y   from  50/1  to  80/1  and  the  s i l v e r / c o u p l e r   mole  r a t i o   o f  



the  less  s e n s i t i v e   l a y e r   is  in  the  r ange   from  5/1  to  20/1,  more  

p r e f e r a b l y   from  10/1  to  15/1  and  that   the  d i f f e r e n c e   of  c o l o r  

maximum  d e n s i t y   be tween   the  lower  s e n s i t i v i t y   l a y e r   and  t h e  

h i g h e r   s e n s i t i v i t y   l a y e r   is  in  the  op t i ca l   d e n s i t y   va lue   r a n g e   o f  

0.3  to  0.9,  more  p r e f e r a b l y   0.4  to  0.8.  The  DIR  compounds   and  t h e  

m a g e n t a - d y e   forming  c o u p l e r s   can  be  i n c l u d e d   in  the  s a m e  

g r e e n - s e n s i t i v e   s i l v e r   h a l i d e   emuls ion  l a y e r   or  by  s e p a r a t e  

h e m i l a y e r s .   P r e f e r a b l y ,   each  of  these  h e m i l a y e r s ,   if  any ,   c o n t a i n s  

the  DIR  compound  in  c o m b i n a t i o n   with  the  m a g e n t a   forming  c o u p l e r  

and  at  l e a s t   one,  and  p r e f e r a b l y   all  of  them  also  c o n t a i n   t h e  

s o - c a l l e d   masked   m a g e n t a   c o u p l e r ,   i .e .   a  co lored   coup le r   c o r r e -  

s p o n d i n g   to  the  above  fo rmula   ( I I I ) ,   whe re in   Z'  r e p r e s e n t s   a n  

a r y l a z o   g roup   or  an  a z o h e t e r o c y c l i c   g r o u p .  

The  to ta l   q u a n t i t y   of  m a g e n t a   fo rming   coup le r   c o n -  

t a i n e d   in  the  g r e e n - s e n s i t i v e   s i l ve r   h a l i d e   emuls ion   l a y e r   o r  

l a y e r s   is  in  g e n e r a l   in  the  r a n g e   from  10  to  50  moles,  more 

p r e f e r a b l y   from  20  to  40  moles  per  s i l ve r   mole  and  the  q u a n t i t y   o f  

DIR  c o u p l e r   i n c l u d e d   in  the  l a y e r   is  in  g e n e r a l   in  the  r ange   f rom 

2  to  10  moles,  more  p r e f e r a b l y   from  4  to  8  moles  per   s i l ve r   h a l i d e  

mole;  sa id   DIR  coup l e r   is  used  in  c o m b i n a t i o n   with  t h e  

m a g e n t a - d y e   forming  c o u p l e r   in  a  q u a n t i t y   r a n g i n g   from  5  to  40 

mole  per  cent ,   p r e f e r a b l y   from  10  to  30  mole  per  cent  with  r e s p e c t  

to  the  to ta l   moles  of  m a g e n t a - d y e   forming  coup le r   in  t h e  

g r e e n - s e n s i t i v e   l a y e r .  

Use fu l ly ,   sa id   DIR  c o u p l e r s   and  m a g e n t a - d y e  

forming  c o u p l e r s   can  be  i n c l u d e d   into  one  or  more  s i l ve r   h a l i d e  

emul s ion   l a y e r s   which  b u i l d   up  the  g r e e n - s e n s i t i v e   s i l ve r   h a l i d e  

emul s ion   l a y e r   by  v a r i o u s   methods   known  in  the  p h o t o g r a p h i c   a r t .  

C o u p l e r s   h a v i n g   a  w a t e r - s o l u b l e   g roup ,   such  as  a  c a r b o x y l   g r o u p ,  

a  h y d r o x y   g roup ,   a  su l fon i c   group  or  a  s u l f o n a m i d o   g roup ,   can  b e  

a d d e d   to  the  emuls ion   a c c o r d i n g   to  the  F i sher   p r o c e s s ,   i . e .   b y  

d i s s o l v i n g   them  in  an  a l k a l i n e   water   s o l u t i o n .   H y d r o p h o b i c   c o u p -  



lers   can  be  a d d e d   to  the  s i l ve r   h a l i d e   emuls ion   by  d i s s o l v i n g   t h e m  

in  a  h i g h - b o i l i n g   so lven t   and  then  d i s p e r s i n g   them  in  g e l a t i n   a s  

d e s c r i b e d   in  US  p a t e n t s   2 ,322,027  and  2 ,304 ,939 .   A l t e r n a t i v e l y ,   i t  

is  p o s s i b l e   to  add  at  l eas t   one  c o u p l e r   a c c o r d i n g   to  the  F i s h e r  

p roces s   and  the  o the r s   a c c o r d i n g   to  the  d i s p e r s i o n   m e t h o d .  

The  b l u e - s e n s i t i v e   s i l v e r   h a l i d e   emuls ion   l a y e r   of  

the  p h o t o g r a p h i c   m a t e r i a l  c o n t a i n s   at  l e a s t   a  y e l l o w - d y e   f o r m i n g  

coup l e r   of  the  a c y l a c e t a n i l i d o   type .   P a r t i c u l a r l y   usefu l   in  t h i s  

i n v e n t i o n   are  the  c o u p l e r s   r e p r e s e n t e d   by  g e n e r a l   fo rmula   ( I V ) :  

where in   R"  r e p r e s e n t s   a  p r i m a r y ,   s e c o n d a r y   or  t e r t i a r y   a l k y l  

group  ( e .g .   t e r t . - b u t y l ,   1 , 1 - d i m e t h y l p r o p y l ,   l , 1 - d i m e t h y l - 1 - m e -  

t h o x y - f e n o x y m e t h y l ,   e t c . ) ,   or  an  a ry l   group  (e .g .   p h e n y l ,  

a l k y l p h e n y l   such  as  2 - m e t h y l p h e n y l ,   3 - o c t a d e c y l p h e n y l ,   etc.  a n d  

a l k o x y p h e n y l   such  as  2 - m e t h o x y p h e n y l ,   4 - m e t h o x y p h e n y l ,   e t c . ,  

h a l o p h e n y l ,   2 - c h l o r o - 5 - a l k y l c a r b o n a m i d o p h e n y l ,   2 - c h l o r o - 5 - [ @ - ( 2 , 4 -  

d i t e r t - a m i n o p h e n o x y ) - b u t y r a m i d o ] - p h e n y l ,   2 - m e t h o x y - 5 - a l k y l a m i d o -  

p h e n y l ,   2 - c h l o r o - 5 - s u l f o n a m i d o p h e n y l ,   e t c . ) ;   R"'  r e p r e s e n t s   a  

p h e n y l   g roup   ( e . g .   2 - c h l o r o p h e n y l ,   2 - h a l o - 5 - a l k y l a m i d o p h e n y l ,  

2 - c h l o r o - 5 - [ @ - ( 2 , 4 - d i t e r t . - a m y l p h e n o x y ) - a c e t a m i d o ] - p h e n y l ,   2 - c h l o r o -  

- 5 - ( 4 - m e t h y l p h e n y l s u l f o n a m i d o ) - p h e n y l ,   2 - m e t h o x y - 5 - ( 2 , 4 - d i t e r t . -  

a m y l p h e n o x y ) - a c e t a m i d o p h e n y l ,   e tc . )   and  Z"  r e p r e s e n t s   a  h y d r o g e n  

or  a  group  which  can  be  r e l e a s e d   d u r i n g   color  d e v e l o p m e n t ,   s u c h  

as  a  ha logen   atom  (in  p a r t i c u l a r   f l u o r i n e ) ,   an  a cy loxy   g r o u p ,   a n  

a r y l o x y   g r o u p ,   an  a roma t i c   h e t e r o c y c l i c   c a r b o n y l o x y   g r o u p ,   a  

su l f imido   g r o u p ,   an  a l k y l s u l f o x y   g r o u p ,   an  a r y l s u l f o x y   g r o u p ,   a  

p h t h a l i m i d o   g r o u p ,   a  d i o x y i m i d a z o l i d i n y l   g r o u p ,   a  d i o x y o x a z o l i d i n -  

yl  g roup ,   a  d i o x y t h i a z o l i d i n y l   g roup ,   a  d i o x y m o r p h o l i n o   g r o u p ,  

e t c . ,   as  d e s c r i b e d   e .g .   in  US  p a t e n t s   3 ,227,550;   3 , 2 5 3 , 9 2 4 ;  

3 ,277 ,155;   3 ,265 ,506;   3 ,408,194  and  3 ,415 ,652;   in  FR  p a t e n t  

1 ,411,384;   in  GB  p a t e n t s   944,490;  1 ,040,710  and  1 ,118,023;   in  DE-OS 



2 , 0 5 7 , 9 4 1 ;   2 ,163,812;   and  2 ,219,917  and  in  US  p a t e n t   a p p l i c a t i o n  

S.N.  469,923  f i led  on  May  14,  1974. 

The  r e d - s e n s i t i v e   s i l v e r   h a l i d e   emuls ion   l aye r   o f  

the  p h o t o g r a p h i c   e lement   c o n t a i n s   at  l e a s t   a  c y a n - d y e   f o r m i n g  

c o u p l e r   of  the  n a p t h o l e   or  phenole   type .   In  p a r t i c u l a r ,   c o u p l e r s  

u s e f u l   in  this   i n v e n t i o n   are  those  r e p r e s e n t e d   by  g e n e r a l   f o r m u l a s  

(V)  and  ( V I ) :  

w h e r e i n   Riv  r e p r e s e n t s   a  s u b s t i t u e n t   used  for  cyan   c o u p l e r s ,   s u c h  

as  a  c a r b a m y l   ( e . g .   a l k y l c a r b a m y l ,   a r y l c a r b a m y l ,   such  a s  

p h e n y l c a r b a m y l ,   e t c . ,   a  h e t e r o c y c l i c   c a r b a m y l ,   such  as  b e n z y l t h i a -  

z o l y l c a r b a m y l ,   e t c . ) ,   a  s u l f a m y l   ( e .g .   a l k y l s u l f a m y l ,   a r y l s u l f a m y l  

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

a l k o x y c a r b o n y l ,   an  a r y l o x y c a r b o n y l ,   etc.  R   r e p r e s e n t s   an  a l k y l  

g r o u p ,   an  a ry l   g r o u p ,   a  h e t e r o c y c l i c   g r o u p ,   an  amino  group  ( e . g .  

a l k y l c a r b o n a m i d o ,   a r y l c a r b o n a m i d o ,   e t c . ) ,   a  s u l f a m i d o   g roup ,   a  

s u l f a m y l   g roup  or  a  c a r b a m y l   g roup ;   Rvi,  Rvii  and  Rviii  e a c h  

h a v e   the  same  m e a n i n g   of  Riv  and  moreover   r e p r e s e n t   a  h a l o g e n  

atom  or  an  a l k y l   g roup   and  Z"'  r e p r e s e n t s   a  h y d r o g e n   atom  or  a  

g r o u p   which  can  be  r e l e a s e d   d u r i n g   color  d e v e l o p m e n t ,   such  as  a  

h a l o g e n   atom,  a  t h i o c y a n o   g roup ,   a  c y c l o i m i d o   group  ( e . g .  

m a l e i d o ,   s u c i n i m i d o ,   1 , 2 - d i c a r b o x y i m i d o ,   e t c . ) ,   an  a r y l a z o   g r o u p  

or  a  h e t e r o c y c l i c   azo  g r o u p .  

Such  y e l l o w - d y e   and  c y a n - d y e   fo rming   coup le r s   a r e  

made  non  d i f f u s i b l e   by  means   of  b a l l a s t   g r o u p s   and   are  i n t r o d u c e d  

in to   one  or  more  emuls ion   l a y e r s ,   as  d e s c r i b e d   a b o v e .  

The  r e d - s e n s i t i v e   and  b l u e - s e n s i t i v e   s i lve r   h a l i d e  

e m u l s i o n   l a y e r s   can  c o n t a i n   the  DIR  c o m p o u n d s   (such  as  DIR 



c o u p l e r s ,   TIMING-DIR  c o u p l e r s ,   DIR  h y d r o q u i n o n e s   or  o ther   DIR 

s u b s t a n c e s )   as  sa id   above  in  a s s o c i a t i o n   with  the  cyan  and  y e l l o w  

dye  forming  c o u p l e r s .   Normal ly ,   the  use  of  such  DIR  compounds  i n  

these   l a y e r s   does  not  show  s i g n i f i c a n t   a d v a n t a g e s ,   but  m a y  

sometimes  be  a d v i s a b l e   to  ach ieve   p a r t i c u l a r   r e s u l t s .  

The  i n t e r m e d i a t e   l a y e r   coa t ed   be tween   the  r e d - s e n -  

s i t i ve   s i lve r   ha l i de   emuls ion   l a y e r s   and  the  g r e e n - s e n s i t i v e  

emuls ion   l a y e r s   c o n t a i n s   fine,  l igh t   i n s e n s i t i v e   s i lve r   h a l i d e  

g r a i n s   ( l ight   i n s e n s i t i v e   g r a i n s   he re in   mean  those  g r a i n s   w h i c h  

upon  e x p o s u r e   at  the  normal   employment   c o n d i t i o n s   and  d e v e l o p m e n t  

in  s t a n d a r d   b l a c k   and  white  and  color  d e v e l o p e r s   do  not  form  a n y  

i m a g e ) .   Such  s i l v e r   ha l i de   g r a i n s   are  n e i t h e r   p h y s i c a l l y   r i p e n e d  

nor  c h e m i c a l l y   s e n s i t i z e d   and  have  a  mean  size  lower  than  a b o u t  

0.2  ,u ,   more  p r e f e r a b l y   lower  than   0.1  /u .   The  useful   s i l v e r  

h a l i d e   can  be  one  among  s i l ve r   c h l o r i d e ,   s i l v e r   b romide ,   s i l v e r  

i od ide ,   s i lve r   b r o m o - i o d i d e ,   s i l ve r   c h l o r o - b r o m i d e ,   s i lve r   c h l o r o -  

b r o m o - i o d i d e ,   e tc . ,   used  alone  or  in  c o m b i n a t i o n   of  two  or  more  o f  

them.  In  the  p r a c t i c e   of  the  p r e s e n t   i n v e n t i o n ,   s i l v e r   b r o m o - i o d i d e  

h a v i n g   no  more  than  4%  s i lve r   iodide  moles  p roved   to  be  v e r y  

e f f ec t i ve   in  p r o v i d i n g   the  b e n e f i c i a l   e f fects   in  the  g r e e n - s e n s i t i v e  

s i l v e r   ha l ide   emuls ion  l a y e r   (or  l a y e r s ) .   Since  these   s i lve r   h a l i d e  

c r y s t a l s   are  not  to  be  l igh t   s e n s i t i v e ,   they  must  not  get  b i g g e r  

d u r i n g   p r e p a r a t i o n ,   s t o r a g e   and  coa t ing   and  a f t e r   the  c o a t i n g  

i t s e l f   of  the  p h o t o g r a p h i c   m a t e r i a l   c o n t a i n i n g   them.  In  t h i s  

r e s p e c t ,   s i lve r   b r o m o - i o d i d e   c r y s t a l s   h a v i n g   from  1  to  4%  s i l v e r  

iod ide   moles  were  p a r t i c u l a r l y   good,  in  p a r t i c u l a r   when  s t a b i l i z e d  

d u r i n g   the  p r e p a r a t i o n   the reof ,   p r e f e r a b l y   with  t r i a z o i n d o l i z i n e  

c o m p o u n d s .  

It  is  b e l i e v e d   t h a t ,   for  the  p u r p o s e s   of  the  p r e s e n t  

i n v e n t i o n ,   said  fine,  l i gh t   i n s e n s i t i v e   s i l v e r   h a l i d e   c r y s t a l s   h a v e  

to  be  a  l i t t le   so luble   in  the  d e v e l o p i n g   s o l u t i o n s   to  give  a  

c o n t r i b u t i o n   to  the  s i l ve r   image  f o r m a t i o n .   In  fact  a  par t   of  t h e  



image  is  formed  upon  chemica l   d e v e l o p m e n t ,   i . e .   upon  r e d u c t i o n   of  

the  exposed   s i l ve r   h a l i d e   g r a i n s ,   and  a  par t   is  formed  u p o n  

p h y s i c a l   d e v e l o p m e n t ,   i . e .   upon  p a s s a g e   into  so lu t ion   of  s i l v e r  

ions  from  d e v e l o p i n g   or  n e i g h b o u r i n g   g r a i n s ,   then  d i f f u s i o n   of  

such  ions  to  the  s i l ve r   c e n t e r s   ( such  as  those  s u p p l i e d   by  t h e  

l a t e n t   image  or  by  the  c h e m i c a l   d e v e l o p m e n t )   where  they  a r e  

r e d u c e d   to  s i l v e r .   The  fine  l i gh t   i n s e n s i t i v e   s i l v e r   ha l i de   g r a i n s  

of  the  p r e s e n t   i n v e n t i o n   are  s u p p o s e d   to  act  as  a  source  of  s i l v e r  

ions  which   d i f fuse   into  a d j a c e n t   l i g h t - s e n s i t i v e   l a y e r s   t o  c o n t r i b u t e  

to  the  s i l v e r   image  fo rma t ion   upon  p h y s i c a l   d e v e l o p m e n t .  

The  amount   of  such  l igh t   i 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   usefu l   to  ob t a in   the  d e s i r e d   effects   in  the  a d j a c e n t  

l i g h t - s e n s i t i v e   l a y e r s   is  in  the  r a n g e   of  about   from  0.1  to  1  g r a m  

per  s q u a r e   meter,   p r e f e r a b l y   from  about   0.2  to  0.4  gram  p e r  

s q u a r e   m e t e r .  

Very  usefu l   e f fec ts   us ing   the  p r e s e n t   i n v e n t i o n  

were  seen  in  the  g r e e n - s e n s i t i v e   s i l v e r   h a l i d e   emuls ion   l a y e r ,  

whe re in   the  DIR  c o u p l e r s   are  used  to  improve   d e f i n i t i o n ,   i n  

p a r t i c u l a r   in  the  g r e e n - s e n s i t i v e   s i l ve r   ha l i de   emuls ion   l a y e r s  

used  for  h i g h - s e n s i t i v i t y   m u l t i l a y e r   color  p h o t o g r a p h i c   m a t e r i a l s .  

Since  the  deve lopmen t   i n h i b i t i n g   s u b s t a n c e s   r e l e a s e d   by  the  DIR 

compounds   d u r i n g   deve lopmen t   d e c r e a s e   s e n s i t i v i t y   and  d e v e l o p -  

a b i l i t y   of  the  l i g h t - s e n s i t i v e   m a t e r i a l   the  use  t he r eo f   is  l i m i t e d  

and  it  was  found  to  be  d i f f i c u l t   to  i n c r e a s e   image  d e f i n i t i o n   i n  

the  m a g e n t a   l a y e r   wi thout   c a u s i n g   n e g a t i v e   a d v e r s e   af fects   to  

o ther   p h o t o g r a p h i c   p r o p e r t i e s .   The  p r e s e n c e   of  such  l i g h t  

i n s e n s i t i v e   fine  s i l ve r   h a l i d e   g r a i n s   in  the  above  q u a n t i t i e s   led  to 

an  i n c r e a s e   in  s e n s i t i v i t y   and  d e v e l o p a b i l i t y   ( this   l a t t e r   b e i n g  

e v i d e n c e d   by  a  h ighe r   maximum  color  d e n s i t y   of  the  image)  i n  

sa id   g r e e n - s e n s i t i v e   s i l ve r   h a l i d e   emuls ion   l a y e r .   Bene f i c i a l   e f f e c t s  

were  e v i d e n c e d   also  in  the  a d j a c e n t   r e d - s e n s i t i v e   s i l v e r   h a l i d e  

emuls ion   l a y e r   which  showed  an  i n c r e a s e   of  both  its  s e n s i t i v i t y  



and  maximum  d e n s i t y   v a l u e s .  

Higher  maximum  d e n s i t y   and  s e n s i t i v i t y   c h a r a c t e r -  

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

r e d u c i n g   the  s i l ve r   c o v e r a g e   in  the  g r e e n - s e n s i t i v e   and  r e d - s e n -  

s i t ive   s i l v e r   ha l i de   emuls ion   l a y e r s   and,   c o n s e q u e n l t y ,   in  r e d u c i n g  

the  t h i c k n e s s   of  sa id   l a y e r s   and  i n c r e a s i n g   the  image  q u a l i t y   o f  

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

h a l i d e   lower  than  0.1  g ram  per  s q u a r e   meter  did  not  show  t h e  

b e n e f i c i a l   effects   of  the  p r e s e n t   i n v e n t i o n   and  q u a n t i t i e s   h i g h e r  

than  1  gram  per  s q u a r e   meter  led  to  a  d e c r e a s e   of  the  i m a g e  

q u a l i t y .  

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

i n s e n s i t i v e   s i l ve r   ha l ide   g r a i n s   of  the  p r e s e n t   i n v e n t i o n ,   can  a t  

the  same  time  inc lude   o ther   compounds   of  p h o t o g r a p h i c   i n t e r e s t ,  

such  as  ma t t ing   agen ts   ( e . g .   c o l l o i d a l   s i l i c a ,   p o l y m e t h y l m e t h a c r y -  

l a te ,   e t c . ) ,   h i g h - b o i l i n g   s o l v e n t s   (e .g .   t r i c r e s y l p h o s p h a t e ,   d i -  

b u t y l p h t h a l a t e ,   e t c . ) ,   U V - a b s o r b e r s   ( e .g .   t h i a z o l i d o n e ,   b e n z o t h i a -  

zole,  a c r y l o n i t r i l e ,   b e n z o p h e n o n e   compounds ,   e t c . ) ,   a n t i o x i d a n t s ,  

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

a id s ,   g e l a t i n   h a r d e n e r s ,   etc.  As  a  b i n d e r   for  the  l i gh t   i n s e n s i t i v e  

p a r t i c l e s ,   g e l a t i n   is  used  in  g e n e r a l ,   but  i n s t e a d   of  a  pa r t   or  o f  

whole  the  g e l a t i n ,   c o l l o i d a l   a l b u m i n ,   a g a r ,   a r a b i c   gum,  a l g i n i c  

ac id ,   c e l l u lo se   d e r i v a t i v e s   such  as  h y d r o l i z e d   c e l l u l o s e   a c e t a t e ,  

c a r b o x y m e t h y l c e l l u l o s e ,   h y d r o x y e t h y l c e l l u l o s e ,   e t c . ,   as  well  a s  

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

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

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

d e s c r i b e d   in  US  p a t e n t s   3 ,847 ,620;   3 ,655,389;   3 ,341 ,332 ;   3 , 6 1 5 , 4 2 4  

and  3 ,860 ,428 ,   g e l a t i n   d e r i v a t i v e s ,   for  i n s t a n c e   a c y l a t e d   g e l a t i n ,  

p h e n y l c a r b a m y l a t e d   g e l a t i n ,   p h t h a l a t e d   g e l a t i n ,   as  d e s c r i b e d   in  US 

p a t e n t s   2 ,614,928  and  2 , 5 2 5 , 7 5 3  a n d   a  g r a f t   p o l y m e r i z a t i o n   p r o d u c t  

o b t a i n e d   from  a  monomer  h a v i n g   a  p o l y m e r i z a b l e   e t h y l e n e   g r o u p  



such  as  a c r y l i c   acid  (or  e s t e r ) ,   m e t h a c r y l i c   ac id   (or  es ter )   a n d  

a c r y l o n i t r i l e ,   as  d e s c r i b e d   in  US  p a t e n t s   2 ,548 ,520   and  2 , 8 3 1 , 7 6 7  

and   g e l a t i n   can  be  u s e d .  

The  s i l v e r   h a l i d e   emuls ions   used  in  the  r e d - s e n s i -  

t i ve ,   g r e e n - s e n s i t i v e   and  y e l l o w - s e n s i t i v e   l a y e r s   of  the  p r e s e n t  

i n v e n t i o n   are  a  fine  d i s p e r s i o n   of  s i l ve r   c h l o r i d e ,   s i l v e r   b r o m i d e ,  

s i l v e r   c h l o r o - 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   c h l o r o - i o d o - b r o -  

mide  in  a  h y d r o p h i l i c   po lymer .   As  a  h y d r o p h i l i c   po lymer ,   t h e  

c o n v e n t i o n a l   po lymers   used  in  the  p h o t o g r a p h i c   art  can  b e  

a d v a n t a g e o u s l y   used .   They  i n c l u d e   g e l a t i n ,   a  g e l a t i n   d e r i v a t i v e  

such  as  a c y l a t e d   g e l a t i n ,   g r a f t   g e l a t i n ,   e t c . ,   a l b u m i n ,   a r a b i c  

gum,  a g a r   a g a r ,   a  c e l l u l o s e   d e r i v a t i v e   such  as  h y d r o x y e t h y l c e l l u -  

lose,   c a r b o x y m e t h y l c e l l u l o s e ,   e t c . ,   a  s y n t h e t i c   r e s in   such  a s  

p o l y v i n y l   a l coho l ,   p o l y v i n y l p y r r o l i d o n e ,   p o l y a c r y l a m i d e ,   etc.  The  

s i l v e r   h a l i d e   can  have   uni form  g r a i n   s izes   or  a  b r o a d e r  

d i s t r i b u t i o n   of  the  g r a i n   s i zes .   F u r t h e r m o r e ,   the  s i l ve r   h a l i d e  

g r a i n   sizes  r a n g e   from  about   0.1  /u  to  about   3  /u .   The  s i l v e r  

h a l i d e   emuls ion   can  be  p r e p a r e d   by  fo l lowing   a  s i n g l e - j e t ,  

d o u b l e - j e t   method  or  a  c o m b i n a t i o n   of  such  methods   or  can  b e  

r i p e n e d   us ing   for  i n s t a n c e   an  ammonia ,   a  n e u t r a l i z a t i o n   or  a n  

a c i d   method,   e t c .  

The  s i l v e r   h a l i d e   emuls ion  used  as  the  l i g h t - s e n s i -  

t i ve   emul s ion   l a y e r   in  th i s   i n v e n t i o n   can  be  c h e m i c a l l y   s e n s i t i z e d  

such   as,   for  i n s t a n c e ,   by  a  gold  s e n s i t i z a t i o n   method  as  d e s c r i b e d  

in  US  p a t e n t s   2 ,399 ,083 ;   3 ,597,856  and  2 ,597 ,915 ;   a  r e d u c t i o n  

s e n s i t i z a t i o n   method  as  d e s c r i b e d   in  US  p a t e n t s   2 ,487,850  a n d  

2 ,521 ,925 ;   a  s u l f u r   s e n s i t i z a t i o n   method  as  d e s c r i b e d   in  US  p a t e n t s  

1 ,623 ,499   and  2 ,410 ,689 ;   a  s e n s i t i z a t i o n   method  u s ing   metal   i o n s  

o the r   t han   s i l v e r   as  d e s c r i b e d   in  US  p a t e n t s   2 ,566 ,263 ;   2 , 5 6 6 , 2 4 5  

and   2 ,566 ,263;   or  a  c o m b i n a t i o n   of  these  m e t h o d s .  

The  s i l v e r   h a l i d e   emuls ion  can  be  also  s e n s i t i z e d  

u s i n g   a  s p e c t r a l   s e n s i t i z a t i o n   method  which  is  g e n e r a l l y   e m p l o y e d  



in  p r o d u c i n g   color  p h o t o g r a p h i c   m a t e r i a l s .   For  such  p u r p o s e ,   a  

s e n s i t i z i n g   dye,  such  as  a  c y a n i n e   dye  or  a  m e r o c y a n i n e   dye,  a s  

d e s c r i b e d   in  US  p a t e n t s   2 ,526 ,632;   2 ,503 ,776 ;   2 ,493 ,748 ;   3 , 3 8 4 , 4 8 6 ;  

2 ,933,390  and  2 ,933,089  can  be  s u i t a b l y   u sed .   The  s i l ve r   h a l i d e  

emuls ion   used  in  this   i n v e n t i o n   can  f u r t h e r   c o n t a i n   a  s t a b i l i z e r  

such  as  a  4 - h y d r o x y - 1 , 3 , 3 a , 7 - t e t r a z a i n d e n e   d e r i v a t i v e ,   e t c . ,   a n  

a n t i f o g g a n t   such  as  a  m e r c a p t o   compound  and  a  b e n z o t r i a z o l e  

d e r i v a t i v e ,   a  coa t ing   a id ,   a  h a r d e n i n g   a g e n t ,   a  we t t ing   a g e n t ,   a  

s e n s i t i z e r   such  as  an  onium  d e r i v a t i v e ,   for  i n s t a n c e   a  q u a t e r n a r y  

ammonium  sal t   as  d e s c r i b e d   in  US  p a t e n t s   2 ,271 ,623   and  2 , 2 8 8 , 2 2 6  

and  also  a  p o l y a l k y l e n e   oxide  d e r i v a t i v e   as  d e s c r i b e d   in  US 

p a t e n t s   2 ,708,162;   2 ,531 ,832 ;   2 ,533 ,990;   3 ,210 ,191   and  3 , 1 5 8 , 4 8 4 .  

The  s i l ve r   ha l ide   emuls ion   l a y e r   f u r t h e r   can  c o n t a i n   an  i r r a d i a t i o n  

p r e v e n t i n g   d y e .  

F u r t h e r m o r e ,   the  color  p h o t o g r a p h i c   m a t e r i a l   o f  

this   i nven t ion   can  c o n t a i n   l a y e r s   such  as  a  f i l t e r   l a y e r ,   a  

mordan t   d y e - c o n t a i n i n g   l a y e r ,   a  co lored   l a y e r   c o n t a i n i n g   a  

h y d r o p h o b i c   dye,  e t c .  

The  s i l v e r   ha l i de   emul s ions   used  in  this   i n v e n t i o n  

can  be  coated  on  v a r i o u s   s u p p o r t s   such  as,   for  i n s t a n c e ,   a  

c e l l u lo se   ace t a t e   film,  a  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   film,  a  

p o l y e t h y l e n e   film,  a  p o l y p r o p y l e n e   film,  a  g l a s s   p l a t e ,   a  

b a r y t a - c o a t e d   p a p e r ,   a  r e s i n -   coa ted   p a p e r   or  a  s y n t h e t i c   p a p e r .  

The  p h o t o g r a p h i c   m a t e r i a l   of  this   i n v e n t i o n   is  p r o -  

cessed   with  a  color  d e v e l o p e r   c o n t a i n i n g ,  a s   a  color  d e v e l o p i n g  

a g e n t ,   a  p r i m a r y   a r o m a t i c   amine  compound  such  as  a  p - p h e n y l e n e  

d iamine   d e r i v a t i v e   and  a  p - a m i n o p h e n o l   compound .   Examples   o f  

p r e f e r r e d   p - p h e n y l e n e   d i amine   d e r i v a t i v e s   are  p - a m i n o - N -   e t h y l - N -  

β - ( m e t h a n e s u l f o n a m i d o e t h y l ) - m - t o l u i d i n e   s e s q u i s u l f a t e   m o n o h y d r a t e ,  

d i e t h y l a m i n o - p - p h e n y l e n e   d i amine   s e s q u i s u l f a t e ,   p - a m i n o - N , N - d i -  

e t h y l - m - t o l u i d i n e   h y d r o c h l o r i d e ,   p - a m i n o - N - e t h y l - N - ! 3 - h y d r o x y e t h y l -  

a n i l i n e   s e s q u i s u l f a t e   m o n o h y d r a t e ,   and  the  l i k e .  



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

can  be  d e v e l o p e d   us ing   d e v e l o p e r s   g e n e r a l l y   used  for  d e v e l o p i n g  

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

p h o t o g r a p h i c   n e g a t i v e   or  pos i t i ve   m a t e r i a l s ,   color  p h o t o g r a p h i c  

p a p e r s ,   and  i n s t a n t   color  p h o t o g r a p h i c   m a t e r i a l s .   For  i n s t a n c e ,  

the  color  d e v e l o p m e n t   p roce s se s   as  d e s c r i b e d   in  the  s p e c i f i c a t i o n   o f  

GB  p a t e n t   1 ,203 ,316;   in  US  p a t e n t   3 ,695 ,883 ;   in  US  p a t e n t  

a p p l i c a t i o n   S.N.  234,163,  filed  on  Mar.  13,  1972  and  S.N.  2 4 0 , 2 8 7 ,  

f i led  on  Mar.  31,  1972;  in  H.  Gordon,   The  Br i t i sh   J o u r n a l   Of 

P h o t o g r a p h y ,   page   559  et  seq . ,   Nov.  15,  1954;  i b i d . ,   page   440  e t  

s e q . ,   Sept.  9,  1955;  and  i b i d . ,   page   2  et  s e q . ,   Jan.  6,  1956;  i n  

S.  Horwitz,   The  B r i t i s h   Jou rna l   Of  P h o t o g r a p h y ,   page  212  et  s e q . ,  

Apr.  22,  1960;  in  E.  Gehret ,   The  B r i t i s h   J o u r n a l   Of  P h o t o g r a p h y ,  

page  122  et  s e q . ,   Mar.  4,  1960  and  ib id ,   page   396  et  s eq . ,   M a y  

7,  1965;  J.  Meech,  The  Br i t i sh   J o u r n a l   Of  P h o t o g r a p h y ,   page   182  e t  

seq . ,   Apr.  3,  1959;  and  in  the  s p e c i f i c a t i o n   of  G e r m a n  

O f f e n l e g u n g s s c h r i f t   (OLS)  2 ,238,051,   can  be  u s e d .  

Example  1 

A  m u l t i l a y e r   color  p h o t o g r a p h i c   film  (Film  A)  w a s  

p r e p a r e d   by  c o a t i n g   on  a   c e l l u lo se   t r i a c e t a t e   base  subbed   w i t h  

g e l a t i n   and  c e l l u l o s e   d i a c e t a t e   the  fo l lowing   l aye r s   in  t h e  

i n d i c a t e d   o r d e r :  

f i r s t   l a y e r :   a  low  red  s e n s i t i v i t y   s i l v e r   c h l o r o - b r o m o - i o d i d e   e m u l -  

sion  l a y e r   ( c o n s i s t i n g   of  a  red  s e n s i t i z e d   s i l v e r   c h l o r o - b r o m o - i o -  

dide  g e l a t i n   emul s ion   c o n t a i n i n g   5%  s i l v e r   c h l o r i d e   moles  and  7% 

s i l ve r   iodide   moles  b l e n d e d   with  a  red  s e n s i t i z e d   s i l ve r   b r o m o - i o -  

dide  g e l a t i n   emuls ion   c o n t a i n i n g   2%  s i l v e r   iod ide   moles)  h a v i n g   a  

dry  t h i c k n e s s   of  2.5  /u,   c o n t a i n i n g   1.2  g/m2  of  s i l ve r   and  t h e  

c o u p l e r s   1 - h y d r o x y - 4 - {   4 - [ ( N - e t h y l - N - ( 3 , 5 - d i c a r b o x y m e t h y l p h e n y l ) -  

a m i n o ) - s u l f o n y l ] -   p h e n y l a z o ]   - N - [ 2 - m e t h y l - 5 - ( 1 - o x o d o d e c y l ) - p h e n y l ] -  



2 - n a p h t h a l e n c a r b o x a m i d e   (Couple r   A)  and  1 - h y d r o x y - N - [ δ - ( 2 , 4 - d i -  

t e r t . a m y l p h e n o x y ) - n - b u t y l ] - n a p h t h a m i d e   (Coup le r   B),  d i s p e r s e d  

t o g e t h e r   in  a  mix tu re   of  t r i c r e s y l p h o s p h a t e   and  d i b u t y l p h t h a l a t e ,  

at  a  to ta l   coup l e r   c o v e r a g e   of  0.95  g/m2 ; 

second  l a y e r :   h igh  red  s e n s i t i v i t y   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  

l a y e r   ( c o n s i s t i n g   of  a  red  s e n s i t i z e d   s i l v e r   b r o m o - i o d i d e   g e l a t i n  

emuls ion   h a v i n g   7%  s i l v e r   iodide   moles)  h a v i n g   a  dry  t h i c k n e s s   o f  

0.8  /u,   c o n t a i n i n g   0.6  g/m2  of  s i l v e r   and  the  c o u p l e r s   A  a n d  

1 - h y d r o x y - 2 , 4 - d i c h l o r o - 3 - m e t h y l - 6 - { @ - ( 3 - p e n t a d e c y l p h e n o x y b u t y r -  

a m i d o ) } - p h e n o l   (Couple r   C),  d i s p e r s e d   in  t r i c r e s y l p h o s p h a t e ,   at  a  

to ta l   coup le r   c o v e r a g e   of  0.035  g / m  ;  

t h i r d   l a y e r :   i n t e r m e d i a t e   l a y e r   c o n t a i n i n g   1.6  g/m2  of  g e l a t i n   a n d  

0.20  g/m2  of  2 , 5 - d i i s o c t y l h y d r o q u i n o n e   d i s p e r s e d   in  t r i c r e s y l p h o s -  

p h a t e ;  

fou r th   l a y e r :   low  g reen   s e n s i t i v i t y   s i l ve r   c h l o r o - b r o m o - i o d i d e   e m u l -  

sion  l a y e r   ( c o n s i s t i n g   of  a  g reen   s e n s i t i z e d   b l e n d i n g   of  the  two  

s i l v e r   ha l i de   g e l a t i n   emuls ions   of  the  f i r s t   l a y e r )   h a v i n g   a  d r y  

t h i c k n e s s   of  2.6  /u,   c o n t a i n i n g   1.9  g/m2  of  s i l v e r   and  the  c o u p l e r s  

1 - ( 2 , 4 , 6 - t r i c h l o r o p h e n y l ) - 3 -   { 3 - [ @ - ( 2 , 4 - d i t e r t . a m y l p h e n o x y ) - a c e t a m i -  

d o ] - b e n z a m i d o } - 4 - ( p - m e t h o x y p h e n y l a z o ) - 5 - p y r a z o l o n e   (Coupler   D) ,  

1-  ( 2 , 4 , 6 - t r i c h l o r o p h e n y l ) - 3 -  {   3 - [ @ - ( 2 , 4 - d i t e r t . a m y l p h e n o x y ) - a c e t -  

a m i d o ] - b e n z a m i d o }   - 5 - p y r a z o l o n e   (Coupler   E)  and  1 - { 4 - [ @ - ( 2 , 4 - d i -  

t e r t . a m y l p h e n o x y ) - a c e t a m i d o ] - p h e n y l }   - 3 - e t h o x y - 4 - ( 1 - p h e n y l - 5 - t e t r a -  

z o l y l t h i o ) - 5 - p y r a z o l o n e   (Couple r   F),  d i s p e r s e d   in  t r i c r e s y l p h o s -  

p h a t e ,   at  a  to ta l   coup l e r   c o v e r a g e   of  0.9  g / m  ;  

f i f th   l a y e r :   high  g reen   s e n s i t i v i t y   s i l ve r   b r o m o - i o d i d e   e m u l s i o n  

l a y e r   ( c o n s i s t i n g   of  a  g reen   s e n s i t i z e 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  

h a v i n g   7%  s i l ve r   iodide   moles)  h a v i n g   a  dry  t h i c k n e s s   of  1.2  / u ,  

c o n t a i n i n g   1.3  g/m2  of  s i l v e r   and  the  c o u p l e r s   D,  E  and  F ,  

d i s p e r s e d   in  t r i c r e s y l p h o s p h a t e ,   at  a  total   coup l e r   c o v e r a g e   of  0 .1  

g / m  ;  

s ix th   l a y e r :   yellow  f i l t e r   l a y e r ,   c o n t a i n i n g   0.05  g/m2  of  y e l l o w  



c o l l o i d a l   s i l v e r   and  0.07  g/m2  of  2 , 5 - d i i s o c t y l h y d r o q u i n o n e ,  

d i s p e r s e d   in  t r i c r e s y l p h o s p h a t e ,   and  h a v i n g   a  t h i c k n e s s   of  1.2  / u .  

A  second,   t h i r d   and  four th   color  p h o t o g r a p h i c   f i l m s  

(Films  B,  C  and  D)  were  p r e p a r e d   s i m i l a r l y   to  film  (A)  with  t h e  

only  d i f f e r e n c e   tha t   the  t h i r d   l a y e r   had  the  fo l lowing  c o m p o s i t i o n :  

i n t e r m e d i a t e   l a y e r   c o n t a i n i n g   1.6  g/m2  of  g e l a t i n   and  0.25  g/m2  o f  

the  l i g h t   i n s e n s i t i v e   s i l v e r   b r o m o - i o d i d e   emuls ion   h a v i n g   2%  s i l v e r  

iodide   moles  and  a  mean  g r a i n   size  of  0.1  /u  (Film  B),  0.6  g / m 2  

of  g e l a t i n   and  0.1  g/m2  of  the  above  l i gh t   i n s e n s i t i v e   s i l v e r  

b r o m o - i o d i d e   emuls ion   (Film  C),  2,6  g/m2  of  g e l a t i n   and  0.5  g / m 2  

of  the  above   l i gh t   i n s e n s i t i v e   s i l v e r   b r o m o - i o d i d e   emuls ion   ( F i l m  

D),  al l   films  c o n t a i n i n g   0.20  g/m2  of  2 , 5 - d i i s o c t y l h y d r o q u i n o n e  

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

A  f if th  color  p h o t o g r a p h i c   film  (Film  E)  w a s  

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

f o l l o w i n g   l a y e r s   in  the  i n d i c a t e d   o r d e r :  

f i r s t   l a y e r :   the  same  f i r s t   low  red  s e n s i t i v i t y   l a y e r   of  Film  A; 

second  l a y e r :   the  same  second  h igh   red  s e n s i t i v i t y   l a y e r   of  F i l m  

A; 

t h i r d   l a y e r :   the  same  i n t e r m e d i a t e   l a y e r   of  Film  B; 

fou r th   l a y e r :   the  same  low  g reen   s e n s i t i v i t y   l a y e r   of  Film  A,  b u t  

h a v i n g   the  c o u p l e r   1 - { 4 - [ @ - ( 2 , 4 - d i t e r t . a m y l p h e n o x y ) - b u t y r a m i d o ] -  

p h e n y l }   - 3 -   ( 1 - p y r r o l i d i n o ) - 4 - (   1 - p h e n y l - 5 - t e t r a z o l y l t h i o   ) - 5 - p y r a z o l o n e  

(Coup le r   G),  i n s t e a d   of  Couple r   F ;  

f i f th  l a y e r :   the  same  h igh  g reen   s e n s i t i v i t y   l a y e r   of  Film  A,  b u t  

h a v i n g   C o u p l e r   G  i n s t e a d   of  Coup le r   F;  

s ix th   l a y e r :   the  same  yel low  f i l t e r   l a y e r   of  Film  A. 

A  s ix th   color  p h o t o g r a p h i c   film  (Film  F)  w a s  

p r e p a r e d   by  coa t ing   on  a  s u b b e d   c e l l u l o s e   t r i a c e t a t e   base   t h e  

fo l l owing   l a y e r s   in  the  i n d i c a t e d   o r d e r :  

f i r s t   l a y e r :   low  red  s e n s i t i v i t y   s i l v e r   c h l o r o - b r o m o - i o d i d e   e m u l s i o n  

l a y e r   ( c o n s i s t i n g   of  the  same  red  s e n s i t i z e d   b l e n d i n g   of  two  s i l v e r  



hal ide   ge l a t in   emulsions  of  the  f i rs t   l aye r   of  Film  A)  h a v i n g   a  

dry  t h i c k n e s s   of  2.2  /u,  c o n t a i n i n g   1.05  g/m2  of  s i l ve r   and  0 . 8 5  

g/m2  of  the  couple rs   of  Film  A; 

second  l a y e r :   the  same  high  red  s e n s i t i v i t y   l aye r   of  Film  A; 

th i rd   l a y e r :   the  same  i n t e r m e d i a t e   l a y e r   of  Film  B; 

fourth  l a y e r :   low  green  s e n s i t i v i t y   c h l o r o - b r o m o - i o d i d e   e m u l s i o n  

l aye r   ( c o n s i s t i n g   of  the  same  green  s e n s i t i z e d   b l e n d i n g   of  two 

s i lver   ha l ide   ge la t in   emuls ions   of  the  four th   l a y e r   of  Film  A) 

hav ing   a  dry  th ickness   of  2.3  /u,   c o n t a i n i n g   1.7  g/m2  of  s i l v e r  

and  0.8  g/m 2  of  the  coup le r s   of  Film  A; 

fifth  l a y e r :   the  same  high  green  s e n s i t i v i t y   l a y e r   of  Film  A; 

s ixth   l aye r :   the  same  yellow  f i l t e r   l a y e r   of  Film  A. 

Samples  of  the  above  films  were  exposed   at  5500°K 

under   a  con t inuous   wedge  and  p r o c e s s e d   in  a  Kodak  C41  d e v e l o p e r  

at  38°C.  The  resu l t s   are  r epo r t ed   in  the  fo l lowing  t a b l e :  

The  data  above  show  that   the  c o n s t r u c t i o n s   of  t h e  

p resen t   i nven t ion   (Films  B  to  F)  c o n s i s t e n t l y   show  an  i m p r o v e d  

maximum  dens i t y   and  i n c r e a s e d   speed  over  a  c o n s t r u c t i o n   (Film  A) 

without  the  l ight   i n s e n s i t i v e   s u p e r f i n e   s i l ve r   ha l ide   g r a i n s   of  t h e  

p resen t   i n v e n t i o n .  



Example   2 

A  m u l t i l a y e r   color  p h o t o g r a p h i c   film  (Film  A)  w a s  

p r e p a r e d   by  coa t ing   on  a  s u b b e d   ce l lu lose   t r i a c e t a t e   base   t h e  

fo l lowing   l a y e r s   in  the  i n d i c a t e d   o r d e r :  

f i r s t   l a y e r :   a n t i h a l o   l a y e r   c o n t a i n i n g   g e l a t i n   in  a  q u a n t i t y   of  4 

g/m2  and  c o l l o i d a l   b l a c k   s i l v e r   in  a  q u a n t i t y   of  0.2  g / m 2 ;  

second  l a y e r :   low  red  s e n s i t i v i t y   s i l ve r   c h l o r o - b r o m o - i o d i d e  

emu l s ion   l a y e r   ( c o n s i s t i n g   of  a  red  s e n s i t i z e d   s i l v e r   c h l o r o - b r o m o -  

- i o d i d e   g e l a t i n   emuls ion   c o n t a i n i n g   5%  s i l v e r   c h l o r i d e   moles  a n d  

7%  s i l v e r   iodide  moles)  h a v i n g   a  dry  t h i c k n e s s   of  3  / u ,  

c o n t a i n i n g   1.4  g/m2  of  s i l v e r   and  the  c o u p l e r s   A  and  B  o f  

e x a m p l e   1,  d i s p e r s e d   in  t r i c r e s y l p h o s p h a t e ,   at  a  to ta l   c o u p l e r  

c o v e r a g e   of  0.44  g / m  ;  

t h i r d   l a y e r :   high  red  s e n s i t i v i t y   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  

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

c o n t a i n i n g   7.2%  s i lve r   iodide   moles)  h a v i n g   a  dry  t h i c k n e s s   of  1 . 9  

/u ,   c o n t a i n i n g   1.8  g/m2  of  s i l v e r   and  the  c o u p l e r s   C  and  B  o f  

e x a m p l e   1,  d i s p e r s e d   in  t r i c r e s y l p h o s p h a t e ,   at  a  to ta l   c o u p l e r  

c o v e r a g e   of  0.12  g / m 2 ;  

fou r th   l a y e r :   i n t e r m e d i a t e   l a y e r   c o n t a i n i n g   1.58  g/m2  of  g e l a t i n  

and   0.24  g/m2  of  2 , 5 - d i i s o c t y l h y d r o q u i n o n e   d i s p e r s e d   in  t r i c r e s y l -  

p h o s p h a t e ;  

f i f th   l a y e r :   low  green  s e n s i t i v i t y   s i l ve r   c h l o r o - b r o m o - i o d i d e   e m u l -  

sion  l a y e r   ( c o n s i s t i n g   of  a  g reen   s e n s i t i z e d   s i l v e r   c h l o r o - b r o m o -  

iod ide   g e l a t i n   emuls ion  c o n t a i n i n g   5%  s i l ve r   c h l o r i d e   moles  and  7% 

s i l v e r   iodide  moles)  h a v i n g   a  dry  t h i c k n e s s   of  3.2  /u,   c o n t a i n i n g  

1.6  g/m2  of  s i l ve r   and  the  c o u p l e r s   D,  E  and  F  of  example   1  at  a  

to t a l   coup le r   c o v e r a g e   of  0.39  g / m  ;  

s i x t h   l a y e r :   high  green   s e n s i t i v i t y   s i l ve r   b r o m o - i o d i d e   e m u l s i o n  

l a y e r   ( c o n s i s t i n g   of  a  g reen   s e n s i t i z e d   s i l v e r   b r o m o - i o d i d e   g e l a t i n  

emul s ion   c o n t a i n i n g   7.2%  s i l v e r   iodide  moles)  h a v i n g   a  d r y  



t h i c k n e s s  o f   2.3  /u,   c o n t a i n i n g   2  g/m 2  of  s i l v e r   and  the  c o u p l e r s  

1 - ( 2 , 4 , 6 - t r i c h l o r o p h e n y l ) - 3 - ( p - d o d e c y l p h e n y l c a r b a m o y l a m i n o ) - 5 - p y r -  

azolone  and  F  at  a  to ta l   coup le r   c o v e r a g e   of  0.20  g / m  ;  

s even th   l a y e r :   yel low  f i l te r   l a y e r ,   c o n t a i n i n g   0.95  g/m2  o f  

g e l a t i n ,   ye l low  c o l l o i d a l   s i lve r   and  2 , 5 - d i i s o c t y l h y d r o q u i n o n e  

d i s p e r s e d   in  t r i c r e s y l p h o s p h a t e ,   h a v i n g   a  t h i c k n e s s   of  1.1  / u ;  

e i gh th   l a y e r :   low  blue  s e n s i t i v i t y   s i l v e r   c h l o r o - b r o m o - i o d i d e   e m u l -  

sion  l a y e r   ( c o n s i s t i n g   of  a  b lend  of  a  low  s e n s i t i v i t y   s i l v e r  

c h l o r o - b r o m o - i o d i d e   g e l a t i n   emuls ion  c o n t a i n i n g   5%  s i lver   c h l o r i d e  

moles  and  7%  s i l v e r   iodide  moles  and  a  s t i l l   lower  s e n s i t i v i t y  

s i l ve r   b r o m o - i o d i d e   g e l a t i n   emuls ion  c o n t a i n i n g   2%  s i lver   i o d i d e  

moles)  h a v i n g   a  dry  t h i c k n e s s   of  3.7  /u,   c o n t a i n i n g   0.75  g/m2  o f  

s i l v e r   and  the  c o u p l e r   @ - p i v a l o y l - @ - ( 3 - c h l o r o - 1 , 2 , 4 - t r i a z o l y l ) - 2 -  

c h l o r o - 5 - { @ - ( 2 , 5 - d i t e r t . a m y l p h e n o x y ) - p r o p i o n a m i d o } - a c e t a n i l i d e  

(Coupler   H),  d i s p e r s e d   in  t r i c r e s y l p h o s p h a t e   and  d i e t h y l l a u r a m i d e ,  

at  a  c o v e r a g e   of  1.5  g / m  ;  

n in th   l a y e r :   h igh   blue  s e n s i t i v i t y   s i l ve r   b r o m o - i o d i d e   e m u l s i o n  

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

c o n t a i n i n g   7.2%  s i l v e r   iodide   moles)  h a v i n g   a  dry  t h i c k n e s s   of  2 . 3  

/u ,   c o n t a i n i n g   0.9  g/m2  of  s i l ve r   and  the  c o u p l e r   H  at  a  c o v e r a g e  

of  0.37  g / m 2 ;  

tenth   l a y e r :   i n t e r m e d i a t e   l a y e r   of  1.4  g/m2  g e l a t i n   hav ing   a  d r y  

t h i c k n e s s   of  1.2  /u  and  c o n t a i n i n g   2 - ( 2 ' - h y d r o x y - 3 ' , 5 ' - d i t e r t . -  

b u t y l p h e n y l ) - 5 - t e r t . b u t y l - b e n z o t r i a z o l e   d i s p e r s e d   i n   t r i c r e s y l p h o s -  

pha te   and  d i b u t y l p h t h a l a t e   at  a  c o v e r a g e   of  0.23  g / m 2 ;  

e l e v e n t h   l a y e r :   t o p - c o a t   p r o t e c t i v e   l a y e r   of  0.8  g/m2  g e l a t i n  

h a v i n g   a  dry  t h i c k n e s s   of  1  /u  and  c o n t a i n i n g   p o l y m e t h y l m e t h a -  

c r y l a t e   p a r t i c l e s   at  a  mean  size  of  about   3  / u .  

A  second  and  a  t h i rd   color  p h o t o g r a p h i c   f i l m s  

(Films  B  and  C)  were  p r e p a r e d   s i m i l a r l y   to  film  (A)  with  the  o n l y  

d i f f e rence   tha t   the  four th   l aye r   the reof   had  the  f o l l o w i n g  

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



i n t e r m e d i a t e   l a y e r   of  1.58  g/m 2  g e l a t i n   c o n t a i n i n g   2 , 5 - d i i s o c t y l -  

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

i n s e n s i t i v e   s i l v e r   b r o m o - i o d i d e   emuls ion  ( h a v i n g   2%  s i lve r   i o d i d e  

moles  and  a  mean  g r a i n   size  of  0.1  /u)  at  a  s i l ve r   c o v e r a g e  

r e s p e c t i v e l y   of  0.18  (Film  B)  and  0.36  (Film  C)  g / m 2 .  

Samples   of  the  above  films  were  exposed   at  5500°K 

t h r o u g h   a  c o n t i n u o u s   wedge  and  deve loped   in  a  Kodak  C41  p r o c e s s  

at  38°C.  The  r e s u l t s   are  r e p o r t e d   in  the  fo l lowing   t a b l e :  

Example  3 

A  m u l t i l a y e r   color  p h o t o g r a p h i c   film  (Film  A)  w a s  

p r e p a r e d   by  c o a t i n g   on  a  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   base ,   s u b b e d  

with  a  f i r s t   m e t h y l a c r y l a t e - i t a c o n i c   a c i d - v i n y l i d e n e   c h l o r i d e  

copo lymer   c o n t a i n i n g   l a y e r   and  with  a  second  g e l a t i n   c o n t a i n i n g  

l a y e r ,   the  fo l lowing   l a y e r s   in  the  i n d i c a t e d   o r d e r :  

f i r s t   l a y e r :   a n t i h a l o   l a y e r   c o n t a i n i n g   4  g/m2  of  g e l a t i n   and  0 . 2  

g/m2  of  b l a c k   c o l l o i d a l   s i l v e r ;  

second  l a y e r :   low  red  s e n s i t i v i t y   s i l v e r   c h l o r o - b r o m o - i o d i d e  

emuls ion   l a y e r   ( c o n s i s t i n g   of  a  b lend  of  a  low  s e n s i t i v i t y   s i l v e r  

c h l o r o - b r o m o i o d i d e   g e l a t i n   emuls ion  c o n t a i n i n g   5%  s i l ve r   c h l o r i d e  

moles  and  7%  s i l v e r   iod ide   moles  and  a  s t i l l   lower  s e n s i t i v i t y  

s i l v e r   b r o m o - i o d i d e   g e l a t i n   emulsion  h a v i n g   2%  s i l ve r   i o d i d e  

moles)  h a v i n g   a  dry  t h i c k n e s s   of  2.9  /u ,   c o n t a i n i n g   1  g/m2  o f  



s i l v e r   and  the  c o u p l e r s   A  and  B,  d i s p e r s e d   in  t r i c r e s y l p h o s p h a t e  

at  a  total   c o u p l e r   c o v e r a g e   of  0.81  g/m2 ;  

t h i r d   l a y e r :   medium  red  s e n s i t i v i t y   s i l ve r   b r o m o - i o d i d e   e m u l s i o n  

l a y e r   ( c o n s i s t i n g   of  a  red  s e n s i t i z e d   s i l ve r   b r o m o - i o d i d e   g e l a t i n  

emuls ion   c o n t a i n i n g   7%  s i l ve r   iodide  moles)  h a v i n g   a  d r y  

t h i c k n e s s   of  1.2  /u,  c o n t a i n i n g   0.8  g/m2  of  s i l v e r   and  t h e  

c o u p l e r s   A  and  C,  d i s p e r s e d   in  t r i c r e s y l p h o s p h a t e ,   at  a  t o t a l  

c o u p l e r   c o v e r a g e   of  0.05  g/m2 ; 

four th   l a y e r :   high  red  s e n s i t i v i t y   s i l ve r   b r o m o - i o d i d e   e m u l s i o n  

l a y e r   ( c o n s i s t i n g   of  a  red  s e n s i t i z e d   s i lve r   b r o m o - i o d i d e   g e l a t i n  

emuls ion   c o n t a i n i n g   7%  s i l ve r   iodide  moles)  h a v i n g   a  d r y  

t h i c k n e s s   of  2.9  /u,   c o n t a i n i n g   2.6  g/m2  of  s i l v e r   and  t h e  

c o u p l e r s   C  and  B,  d i s p e r s e d   in  t r i c r e s y l p h o s p h a t e   at  a  t o t a l  

c o u p l e r   c o v e r a g e   of  0.87  g/m2 ; 

f if th  l a y e r :   i n t e r m e d i a t e   l a y e r   c o n t a i n i n g   1.16  g/m2  of  g e l a t i n  

and  0.14  g/m2  of  2 , 5 - d i i s o c t y l h y d r o q u i n o n e   d i s p e r s e d   in  t r i c r e s y l -  

p h o s p h a t e ;  

s ix th   l a y e r :   low  green  s e n s i t i v i t y   s i l v e r   c h l o r o - b r o m o - i o d i d e   e m u l -  

sion  l a y e r   ( c o n s i s t i n g   of  a  b lend  of  a  low  s e n s i t i v i t y   c h l o r o - b r o -  

mo- iodide   g e l a t i n   emuls ion  c o n t a i n i n g   5%  s i l v e r   ch lo r ide   moles  a n d  

7%  s i l ve r   iodide   moles  and  a  s t i l l   lower  s e n s i t i v i t y   s i l v e r  

b r o m o - i o d i d e   g e l a t i n   emuls ion  c o n t a i n i n g   2%  s i l ve r   iodide   mo le s )  

h a v i n g   a  dry  t h i c k n e s s   of  3.3  /u  c o n t a i n i n g   1.2  g/m2  of  s i l v e r  

and  the  c o u p l e r s   D,  E  and  F,  d i s p e r s e d   in  t r i c r e s y l p h o s p h a t e   a t  

a  to ta l   coup l e r   cove rage   of  0.6  g/m2 ;  

s even th   l a y e r :   high  green  s e n s i t i v i t y   s i l ve r   b romo- iod ide   e m u l s i o n  

l a y e r   ( c o n s i s t i n g   of  a  s i l ve r   b r o m o - i o d i d e   green  s e n s i t i z e d   g e l a t i n  

emuls ion  c o n t a i n i n g   7%  s i l ve r   iodide   moles)  hav ing   a  d r y  

t h i c k n e s s   of  2.7  /u,   c o n t a i n i n g   2.2  g/m2  of  s i l ve r   and  t h e  

coup le r s   of  the  s ix th   l aye r   at  a  total   coup le r   coverage   of  0 . 2  

g / m  ;  

e igh th   l a y e r :   yellow  f i l te r   l a y e r ,   c o n t a i n i n g   0.05  g/m2  of  g e l a t i n ,  



yel low  c o l l o i d a l   s i l v e r   and  0.05  g/m2  of  2 , 5 - d i i s o c t y l h y d r o q u i n o n e  

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

n i n t h   l a y e r :   low  blue  s e n s i t i v i t y   s i l ve r   c h l o r o - b r o m o - i o d i d e  

emul s ion   l a y e r   ( c o n s i s t i n g   of  a  b lend   of  a  low  s e n s i t i v i t y   s i l v e r  

c h l o r o - b r o m o i o d i d e   g e l a t i n   emuls ion   h a v i n g   5%  s i l v e r   c h l o r i d e  

moles  and  7%  s i l v e r   iod ide   moles  and  a  s t i l l   lower  s e n s i t i v i t y  

s i l v e r   b r o m o - i o d i d e   emuls ion   h a v i n g   2%  s i l v e r   iodide  moles )  

h a v i n g   a  dry  t h i c k n e s s   of  3.7  /u ,   c o n t a i n i n g   0.75  g/m2  of  s i l v e r  

and  the  coup le r   H,  d i s p e r s e d   in  t r i c r e s y l p h o s p h a t e   at  a  c o v e r a g e  

of  1.5  g/m2 ;  

t en th   l a y e r :   high  blue  s e n s i t i v i t y   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  

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

c o n t a i n i n g   7.2%  s i l v e r   iod ide   moles)  h a v i n g   a  dry  t h i c k n e s s   of  2 . 3  

/u ,   c o n t a i n i n g   0.9  g/m 2  of  s i l v e r   and  the  c o u p l e r   of  the  n i n t h  

l a y e r   at  a  c o v e r a g e   of  0.37  g/m2 ;  

e l e v e n t h   l a y e r :   p r o t e c t i v e   l a y e r   of  0.94  g/m2  of  g e l a t i n   h a v i n g   a  

dry  t h i c k n e s s   of  1.2  /u  and  c o n t a i n i n g   p o l y m e t h y l m e t h a c r y l a t e  

p a r t i c l e s   and  a  d i s p e r s i o n   of  2 - ( 2 ' - h y d r o x y - 3 ' , 5 ' - d i t e r t . b u t y l p h e n -  

y l ) - t e r t . b u t y l - b e n z o t r i a z o l e   in  a  mix tu re   of  t r i c r e s y l p h o s p h a t e   a n d  

d i b u t y l p h t h a l a t e .  

A  second  m u l t i l a y e r   color  p h o t o g r a p h i c   film  (F i lm  

B)  was  p r e p a r e d   s i m i l a r l y   to   film  (A)  with  the  only  d i f f e r e n c e  

tha t   the  f i f th  i n t e r m e d i a t e   l a y e r   had  the  fo l lowing   c o m p o s i t i o n :  

l a y e r   of  1.2  g/m2  of  g e l a t i n   c o n t a i n i n g   0.14  g/m2  of  d i i s o c t y l -  

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

i n s e n s i t i v e   s i l ve r   b r o m o - i o d i d e   emuls ion  ( i . e .   h a v i n g   2%  s i l v e r  

iod ide   moles  and  a  medium  g r a i n   size  of  0.1  /u)  at  a  s i l v e r  

c o v e r a g e   of  0.25  g / m 2 .  

Samples  of  films  A  and  B  were  exposed   at  5500°K 

t h r o u g h   a  K3  c o n t i n u o u s   wedge  and  d e v e l o p e d   in  a  Kodak  C41 

p roces s   at  38°C.  The  fo l lowing  t ab le   r epo r t s   the  s e n s i t o m e t r i c  

r e s u l t s   and  the  MTF  v a l u e s :  





1.  A  m u l t i l a y e r   color  p h o t o g r a p h i c   m a t e r i a l   c o m p r i s -  

ing  at  l e a s t   three   g e l a t i n   s i l v e r   ha l ide   emuls ion   l a y e r s  

r e s p e c t i v e l y   s e n s i t i v e   to  the  red,   to  the  green  and  to  the  b l u e  

r e g i o n s   of  the  l i g h t ,   and  r e s p e c t i v e l y   c a p a b l e   of  forming  c y a n ,  

m a g e n t a   and  yel low  images   upon  r e a c t i o n   with  o x i d i z e d   a r o m a t i c  

p r i m a r y   amine  color  d e v e l o p e r s ,   at  l eas t   one  green  s e n s i t i v e   l a y e r  

of  which  i n c l u d e s   DIR  compounds   a s s o c i a t e d   with  m a g e n t a   f o r m i n g  

c o u p l e r s ,   c h a r a c t e r i z e d   by  the  fact   tha t   said  at  l e a s t   one  g r e e n  

s e n s i t i v e   DIR  compound  c o n t a i n i n g   l a y e r   is  coa ted   on  a  l i g h t  

i n s e n s i t i v e   fine  g r a i n   s i l v e r   h a l i d e   emuls ion   l a y e r   which  is  c o a t e d  

on  at  l e a s t   one  red  s e n s i t i v e   l a y e r   at  a  s i l v e r   c o v e r a g e   of  0.1  to  

1  g r a m   per  s q u a r e   m e t e r .  

2.  P h o t o g r a p h i c   m a t e r i a l   a c c o r d i n g   to  claim  1, 

c h a r a c t e r i z e d   by  the  fact  tha t   s a id   at  l eas t   one  g r e e n - s e n s i t i v e  

l a y e r   and  sa id   at  l eas t   one  r e d - s e n s i t i v e   l a y e r   r e a c t i v e l y  

a s s o c i a t e d   with  sa id   l igh t   i n s e n s i t i v e   l aye r   each  compr i se   two 

ma tched   low  and  high  s e n s i t i v i t y   h e m i l a y e r s   r e s p e c t i v e l y   s e n s i t i v e  

to  the  g r een   and  red  reg ion   of  the  l i g h t .  

3.  P h o t o g r a p h i c   m a t e r i a l   a c c o r d i n g   to  claim  2, 

c h a r a c t e r i z e d   by  i n c l u d i n g   a  t h i r d   matched   m e d i u m - s e n s i t i v i t y  

r e d - s e n s i t i v e   h e m i l a y e r .  

4.  P h o t o g r a p h i c   m a t e r i a l   a c c o r d i n g   to  claim  3, 

c h a r a c t e r i z e d   by  the  fact  t ha t   it  c o n t a i n s   l a y e r s   coa ted   one  w i t h  

r e s p e c t   to  the  o ther   s t a r t i n g   from  the  base   in  the  s e q u e n c e  

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

t ive  l a y e r ,   h i g h - s e n s i t i v i t y   r e d - s e n s i t i v e   l a y e r ,   l i gh t   i n s e n s i t i v e  

l a y e r ,   l o w - s e n s i t i v i t y   g r e e n - s e n s i t i v e   l a y e r ,   h i g h - s e n s i t i v i t y  



g r e e n - s e n s i t i v e   l a y e r ,   yellow  f i l te r   l a y e r ,   l o w - s e n s i t i v i t y   b l u e -  

s e n s i t i v e   l a y e r ,   h i g h - s e n s i t i v i t y   b l u e - s e n s i t i v e   l a y e r .  

5.  Color  p h o t o g r a p h i c   m a t e r i a l   as  c la imed  in  c l a i m  

1,  where in   sa id   DIR  compound  is  r e p r e s e n t e d   by  g e n e r a l   f o r m u l a  

( I ) :  

where in   COUP  r e p r e s e n t s   a  magen ta   coup l e r   r e s idue   which  c o u p l e s  

with  the  o x i d a t i o n   p roduc t   of  a  d e v e l o p i n g   agent   of  the  p r i m a r y  

a romat ic   amine  type  to  give  a  m a g e n t a   dye  and  Z  r e p r e s e n t s   a n  

o r g a n i c   r e s idue   which  is  r e l e a s e d   by  the  coup le r   d u r i n g   t h e  

coup l ing   r e a c t i o n   with  the  o x i d a t i o n   p r o d u c t   of  the  d e v e l o p i n g  

agent   of  the  p r i m a r y   a romat i c   amine  type  to  i n h i b i t   d e v e l o p m e n t  

in  the  s i l ve r   h a l i d e   emuls ion   l a y e r .  

6.  Color  p h o t o g r a p h i c   m a t e r i a l   as  c la imed  in  c l a i m  

1,  where in   sa id   DIR  compound  is  r e p r e s e n t e d   by  g e n e r a l   f o r m u l a  

( 1 1 ) :  

where in   R  r e p r e s e n t s   an  aryl   g roup ,   a  h e t e r o c y c l i c   g r o u p ,   a n  

a lky l   g roup;   R'  r e p r e s e n t s   an  a lky l   g r o u p ,   an  a lkoxy   g r o u p ,   a n  

a r y l o x y   g roup ,   an  a ry l   g roup ,   a  h e t e r o c y c l i c   r ing  r e s i d u e ,   a n  

amino  g roup ,   an  a c y l a m i n o   group  or  a  u r e ido   g roup ;   A  r e p r e s e n t s  

su l fu r   or  se len ium  and  D  r e p r e s e n t s   a  g roup   which,   t o g e t h e r   w i t h  

the  su l fu r   or  se len ium  of  the  t h i o e t h e r   or  s e l e n o e t h e r   bond,  f o r m s  

a  deve lopmen t   i n h i b i t i n g   compound  which  is  r e l e a s e d   d u r i n g   t h e  

r eac t ion   with  the  o x i d a t i o n   p roduc t   of  the  d e v e l o p i n g   agent   of  t h e  

p r i m a r y   a roma t i c   amine  t y p e .  



7.  Color  p h o t o g r a p h i c   m a t e r i a l ,   as  c l a imed   in  c l a i m  

1,  where in   sa id   l ight   u n s e n s i t i v e   s i l ve r   ha l ide   emul s ion ,   which  i s  

i n c l u d e d   in  the  i n t e r m e d i a t e   l a y e r ,   is  a  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 .  

8.  Color  p h o t o g r a p h i c   m a t e r i a l   as  c la imed  in  c l a i m  

1,  where in   sa id   l igh t   i n s e n s i t i v e   s i l v e r   ha l i de   emuls ion ,   which  i s  

i n c l u d e d   in  the  i n t e r m e d i a t e   l a y e r ,   is  a  s i l v e r   b r o m o - i o d i d e   e m u l -  

sion  c o n t a i n i n g   1  to  4   per  cent  s i l v e r   iodide  m o l e s .  

9.  Color  p h o t o g r a p h i c   m a t e r i a l   as  c la imed  in  c l a i m  

1,  where in   said  s i l ve r   h a l i d e ,   which  is  i n c l u d e d   in  t h e  

i n t e r m e d i a t e   l a y e r ,   has  a  mean  g r a i n   size  lower  than  0.2  m i c r o n .  
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