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@  A  method  for  transferring  a  dye  which  comprises  super- 
imposing  on  a  photographic  material  having  a  mobile  dye 
distributed  in  an  imagewise  pattern  on  a  support,  a  dye  fix- 
ing  material  having  a  dye  receiving  layer  on  a  support  and 
transferring  the  local  dye  to  the  dye  fixing  material  and 
wherein  at  least  one  of  the  two  supports  has  such  surface 
characteristics  that  the  number  of  locations  where  the  fil- 
tered  maximum  waviness  value  is  4  fxm  or  greater  is  not 
more  than  10  out  of  100  locations  on  the  support  arbitarily 
selected  for  measuring  the  filtered  maximum  waviness  of  a 
basic  length  at  2.5  mm'  of  a  filtered  waviness  curve  obtained 
with  a  cut-off  value  of  0.8  mm  from  a  profile  measured  by  JIS 
standard  B  0610  with  respect  to  the  surface  thickness  of  the 
support.  The  method  evenly  transfers  the  mobile  dye  to  a 
dye  fixing  material  from  a  heat  development  color  pho- 
tographic  material  containing  a  dye  providing  substance 
which  upon  heating  reacts  with  a  light-sensitive  silver  ha- 
lide  to  produce  or  release  a  mobile  dye  in  the  substantial 
absence  of  water. 

i n  

ACTORUM  AG 

  A  method  for  transferring  a  dye  which  comprises  super- 
imposing  on  a  photographic  material  having  a  mobile  dye 
distributed  in  an  imagewise  pattern  on  a  support,  a  dye  fix- 
ing  material  having  a  dye  receiving  layer  on  a  support  and 
transferring  the  local  dye  to  the  dye  fixing  material  and 
wherein  at  least  one  of  the  two  supports  has  such  surface 
characteristics  that  the  number  of  locations  where  the  fil- 
tered  maximum  waviness  value  is  4  µm  or  greater  is  not 
more  than  10  out  of  100  locations  on  the  support  arbitarily 
selected  for  measuring  the  filtered  maximum  waviness  of  a 
basic  length  at  2.5  mmof  a  filtered  waviness  curve  obtained 
with  a  cut-off  value  of  0.8  mm  from  a  profile  measured  by  JIS 
standard  B  0610  with  respect  to  the  surface  thickness  of  the 
support.  The  method  evenly  transfers  the  mobile  dye  to  a 
dye  fixing  material  from  a  heat  development  color  pho- 
tographic  material  containing  a  dye  providing  substance 
which  upon  heating  reacts  with  a  light-sensitive  silver  ha- 
lide  to  produce  or  release  a  mobile  dye  in  the  substantial 
absence  of  water. 



FIELD  OF  THE  INVENTION 

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

t r a n s f e r r i n g   a  m o b i l e   dye  f o r m e d   in  an  i m a g e w i s e   p a t t e r n  

on  a  l i g h t - s e n s i t i v e   e l e m e n t   to   a  dye  f i x i n g   e l e m e n t .  

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

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

f i x i n g   m a t e r i a l   f r om  a  h e a t   d e v e l o p m e n t   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 n t a i n i n g   a  dye  p r o v i d i n g   s u b s t a n c e   w h i c h   u p o n  

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

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

o f  w a t e r .  

BACKGROUND  OF  THE  INVENTION 

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

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

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

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

c o n t r o l ,   and  has   so  f a r   b e e n   m o s t   e x t e n s i v e l y   u s e d .   I n  

r e c e n t   y e a r s ,   a  new  image   f o r m i n g   t e c h n i q u e   f o r   p r o c e s s i n g  

l i g h t - s e n s i t i v e   m a t e r i a l s   u s i n g   s i l v e r   h a l i d e s `  h a s   b e e n  

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

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

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

d e v e l o p i n g   s o l u t i o n s   and  t h e   l i k e .  

H e a t   d e v e l o p m e n t   l i g h t - s e n s i t i v e   m a t e r i a l s   a r e  



known  in  t h i s   t e c h n i c a l   f i e l d ,   and  v a r i o u s   h e a t  

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

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

" S h a s h i n   Kogaku   no  K i s o "   ( I n t r o d u c t i o n   to   P h o t o g r a p h i c  

E n g i n e e r i n g )   ( p u b l i s h e d   by  C o r o n a - s h a ,   1 9 7 9 ) ,   p p . 5 5 3 - 5 5 5 ,  

" E i z o   J o h o "   ( V i d e o   I n f o r m a t i o n )   ( A p r i l ,   1 9 7 8 ) ,   p . 4 0 ,  

" N e b l e t t s   H a n d b o o k   of   P h o t o g r a p h y   and  R e p r o g r a p h y   7 t h   E d . "  

(Van  N o s t r a n d   R e i n h o l d   C o m p a n y ) ,   p p . 3 2 - 3 2 ,   U . S .   P a t e n t s  

Nos .   3 , 1 5 2 , 9 0 4 ,   3 , 3 0 1 , 6 7 8 ,   3 , 3 9 2 , 0 2 0   and  3 , 4 5 7 , 0 7 5 ,  

B r i t i s h   P a t e n t s   Nos .   1 , 1 3 1 , 1 0 8   and  1 , 1 6 7 , 7 7 7   and  " R e s e a r c h  

D i s c l o s u r e "   ( J u n e ,   1 9 7 8 ) ,   p p . 9 - 1 5   (RD  1 7 0 2 9 ) .  

Many  p r o c e s s e s   have   b e e n   p r o p o s e d   f o r   o b t a i n i n g  

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

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

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

i n , .   f o r   e x a m p l e ,   U . S .   P a t e n t s   Nos .   3 , 5 3 1 , 2 8 6 ,   3 , 7 6 1 , 2 7 0  

and  4 , 0 2 1 , 2 4 0 ,   B e l g i a n   P a t e n t   No.  8 0 2 , 5 1 9   and  " R e s e a r c h  

D i s c l o s u r e "   ( S e p t . ,   1 9 7 5 ) ,   p p . 3 1 - 3 2 .  

The  p r o c e s s   of  i n t r o d u c i n g   a  n i t r o g e n - c o n t a i n i n g  

h e t e r o c y c l i c   g r o u p   i n t o   a  dye  to   fo rm  a  s i l v e r   s a l t   a n d  

f r e e i n g   the   dye  by  h e a t   d e v e l o p m e n t   i s   a l s o   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 "   (May,  1 9 7 8 ) ,   p p . 5 4 - 5 8   (RD  1 6 9 6 6 ) .  

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

p o s i t i v e   c o l o r   image   by  a  t h e r m a l   s i l v e r   dye  b l e a c h  



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

i n ,   f o r   e x a m p l e ,   " R e s e a r c h   D i s c l o s u r e "   ( A p r i l ,   1 9 7 6 ) ,  

p p . 3 0 - 3 2 ,   (RD  1 4 4 3 3 ) ,   i b i d .   ( D e c . ,   1 9 7 6 ) ,   p p . 1 4 - 1 5 ,   (RD 

15227)   and  U . S .   P a t e n t   No.  4 , 2 3 5 , 9 5 7 .  

P r o c e s s e s   of  f o r m i n g   c o l o r   i m a g e s   by  u s i n g   l e u c o  

d y e s   a r e   d e s c r i b e d   i n ,   f o r   e x a m p l e ,   U . S .   P a t e n t s  

No.  3 , 9 8 5 , 5 6 5   and  4 , 0 2 2 , 6 1 7 .  

H o w e v e r ,   t h e s e   c o l o r   image   f o r m i n g   p r o c e s s e s  

have   t h e   f o l l o w i n g   d e f e c t s :   The  d i s c o l o r a t i o n   of   t h e  

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

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

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

w e l l   as  t h e   s t a i n   of  t h e   b a c k g r o u n d .   N o v e l   h e a t  

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

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

J a p a n e s e   P a t e n t   A p p l i c a t i o n s   (OPI)  Nos .   1 7 9 8 4 0 / 8 2 ,  

1 8 6 7 7 4 / 8 2 ,   1 9 8 4 5 8 / 8 2 ,   2 0 7 2 5 0 / 8 2 ,   5 8 5 4 3 / 8 3 ,   7 9 2 4 7 / 8 3 ,  

1 1 6 5 3 7 / 8 3 ,   1 4 9 0 4 6 / 8 3 ,   4 8 7 6 4 / 8 4 ,   6 5 8 3 9 / 8 4 ,   7 1 0 4 6 / 8 4 ,  

8 7 4 5 0 / 8 4   and  8 8 7 3 0 / 8 4   ( t h e   t e r m   "OPI"   as  u s e d   h e r e i n  

r e f e r s   to  a  " p u b l i s h e d   u n e x a m i n e d   J a p a n e s e   p a t e n t  

a p p l i c a t i o n " ) .  

T h e s e   p r o c e s s e s   c o m p r i s e   p r o d u c i n g   or  r e l e a s i n g  

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

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

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



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

m o b i l e   d y e s   to  dye  f i x i n g   e l e m e n t s .  

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

f r e e   f rom  d i s c o l o r a t i o n   or  s t a i n   of  t h e   b a c k g r o u n d .   On 

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

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

m i c r o n s   to   a b o u t   1  mm  and  e x t r e m e l y   low  d e n s i t i e s   of  t h e  

t r a n s f e r r e d   d y e s   a r e   f o u n d   i n t e r s p e r s e d   in  a r e a s   o f   t h e  

dye  f i x i n g   m a t e r i a l s   w h e r e   t h e   d y e s   s h o u l d   be  t r a n s f e r r e d  

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

" u n e v e n n e s s   of   t r a n s f e r " ) .   Such  a  d i s a d v a n t a g e   d o e s   n o t  

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

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

t h e   l i k e   ( e . g . ,   t h e   c o l o r   d i f f u s i o n   t r a n s f e r   m e t h o d ) .  

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

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

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

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

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

u n e v e n n e s s   of  t r a n s f e r   d e p e n d s   on  t h e   t h i c k n e s s   of   t h e  

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

f i x i n g   m a t e r i a l   to   be  u s e d ,   and  b e c o m e s   more   c o n s p i c u o u s  

w i t h   t he   use   of  a  t h i n n e r   s u p p o r t .   T h i s   u n e v e n   t r a n s f e r  

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

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



f i x i n g   m a t e r i a l s   a f t e r   t he   t r a n s f e r   p r o c e s s   in  s m a l l  

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

m a t e r i a l   or  dye  f i x i n g   m a t e r i a l   w h i c h   can   be  made  i n t o   a  

r o l l ;   e a s y   c u t ;   or  r e d u c i n g   t he   p r o d u c t i o n   c o s t .  

SUMMARY  OF  THE  INVENTION 

The  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s ,   t h e r e -  

f o r e ,   to   p r o v i d e   a  dye  t r a n s f e r   m e t h o d   f r e e   f rom  t h e  

a b o v e - d e s c r i b e d   u n e v e n n e s s   of   t r a n s f e r .  

The  p r e s e n t   i n v e n t o r s   have   c o n d u c t e d   i n t e n s i v e  

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

i d e n t i f i e d   o b j e c t ,   and  have   d i s c o v e r e d   t h a t   t h e   a b o v e -  

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

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

s e n s i t i v e   m a t e r i a l   and  t h e   dye  f i x i n g   m a t e r i a l .   In  o t h e r  

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

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

m a t e r i a l   on  t h e   dye  f i x i n g   m a t e r i a l   f o r   e f f e c t i n g  

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

c o n t a c t   in  some  a r e a s ,   w h e r e   t he   m o b i l e   dye  is   n o t   t r a n s -  

f e r r e d   as  d e s i r e d .   The  p r e s e n t   i n v e n t o r s   i n v e s t i g a t e d   a n d  

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

f o u n d   m a t e r i a l s   w h i c h   do  n o t   c a u s e   t h e   a b o v e - d e s c r i b e d   u n -  

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

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

The  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   can   b e  



a c c o m p l i s h e d   by  a  m e t h o d   of  t r a n s f e r r i n g   a  dye  w h i c h  

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

a  m o b i l e   dye  d i s t r i b u t e d   in  an  i m a g e w i s e   p a t t e r n   on  a  

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

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

to  s a i d   dye  f i x i n g   m a t e r i a l ,   and  w h e r e i n   a t   l e a s t   one  o f  

s a i d   two  s u p p o r t s   has   s u c h   s u r f a c e   p r o p e r t i e s   t h a t   t h e  

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

v a l u e   is   4  pm  or  more  i s   no t   more  t h a n   10  o u t   of   1 0 0  

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

m e a s u r i n g   the   f i l t e r e d   maximum  w a v i n e s s   of   a  b a s i c   l e n g t h  

of  2 .5   mm  of  a  f i l t e r e d   w a v i n e s s   c u r v e   o b t a i n e d   w i t h   a  

c u t - o f f   v a l u e   of  0 . 8   mm  f rom  a  p r o f i l e   m e a s u r e d   by  J I S  

S t a n d a r d   B  0610  w i t h   r e g a r d   to  t he   s u r f a c e   s m o o t h n e s s   o f  

t h e   s u p p o r t .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  shows   a  p r o f i l e   of  a  s u p p o r t .  

F i g .   2  shows   t he   f i l t e r e d   w a v i n e s s   c u r v e   o f  

F i g .   1 .  

F i g .   3  shows   t h e   m e t h o d   of  o b t a i n i n g   a  m a x i m u m  

f i l t e r e d   w a v i n e s s   v a l u e .  

' a '   i s   a  f i l t e r e d   w a v i n e s s   c u r v e   and  ' b '   is   a  

mean  l i n e .  

'L '   i s   a  b a s i c   l e n g t h .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  " p r o f i l e "   as  u s e d   h e r e i n   r e f e r s   to  a  c o n t o u r  



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

be  m e a s u r e d   has   b e e n  c u t   by  a  p l a n e   p e r p e n d i c u l a r   to   t h e  

mean  s u r f a c e   of  t he   s u r f a c e   to   be  m e a s u r e d .   The  " f i l t e r e d  

w a v i n e s s   c u r v e "   as  u s e d   h e r e i n   means   a  c u r v e   o b t a i n e d   b y  

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

r o u g h n e s s   f rom  t h e   a b o v e - i d e n t i f i e d   p r o f i l e   u s i n g   a  l o w -  

p a s s   f i l t e r .   The  " c u t - o f f   v a l u e "   as  u s e d   h e r e i n   m e a n s   a  

wave  l e n g t h   c o r r e s p o n d i n g   to   t he   f r e q u e n c y   a t   w h i c h   i t s  

g a i n   b e c o m e s   70%  when  a  l o w - p a s s   f i l t e r   of   a t t e n u a t i o n  

r a t e   of  - l 2 d B / o c t   is   u s e d   to   o b t a i n   a  f i l t e r e d   w a v i n e s s  

c u r v e .   The  " f i l t e r e d   maximum  w a v i n e s s "   as  u s e d   h e r e i n  

means   t he   maximum  h e i g h t   of   wave  (WCM)  of   a  p o r t i o n   e x -  

t r a c t e d   as  l o n g   as  a  c e r t a i n   l e n g t h   ( b a s i c   l e n g t h )   (L)  

f r o m   t he   f i l t e r e d   w a v i n e s s   c u r v e ,   as  e x p r e s s e d   i n  

m i c r o m e t e r   u n i t s   ( p m ) .  

A  f i l t e r e d   w a v i n e s s   c u r v e   u s i n g   a  h i g h   band   c u t -  

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

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

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

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

l e n g t h   is   s e t   a t   2 . 5   mm  b e c a u s e   u n e v e n n e s s   of  t r a n s f e r   i s  

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

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

the   l e n g t h   of  t he   s u p p o r t   i s   n o t   l o n g e r   t h a n   1 0 0  µ m .  

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



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

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

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

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   i n  

d e t a i l   by  r e f e r r i n g   to  t he   a t t a c h e d   d r a w i n g s .  

F i g .   1  i s   an  e x a m p l e   of  a  p r o f i l e   o b t a i n e d   b y  

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

s u p p o r t   in  a c c o r d a n c e   w i t h   J I S   S t a n d a r d   B  6 1 0 .  

F i g .   2  i s   a  f i l t e r e d   w a v i n e s s   c u r v e   o b t a i n e d  

f rom  t h e   p r o f i l e   of   F i g .   1  by  u s i n g   a  l o w - p a s s   f i l t e r  

h a v i n g   a  c u t - o f f   v a l u e   of  0 . 8   mm. 

F i g .   3  shows   a  m a n n e r   of  d e t e r m i n i n g   a  f i l t e r e d  

maximum  w a v i n e s s   v a l u e   w i t h   a  b a s i c   l e n g t h   of   L.  S p e c i f i -  

c a l l y ,   any  p o r t i o n   c o r r e s p o n d i n g   to  t h e   l e n g t h   of  L  i s  

e x t r a c t e d   f rom  t h e   f i l t e r e d   w a v i n e s s   c u r v e ,   and  a  m e a n  

l i n e   is   o b t a i n e d   f o r   an  a r b i t r a r y   p o r t i o n   w i t h   a  l e n g t h  

e x t r a c t e d   f rom  t h e   f i l t e r e d   w a v i n e s s   c u r v e .   The  mean  l i n e  

is   s u c h   t h a t   t h e   sum  of   t he   s q u a r e s   of   t he   d i s t a n c e s  

b e t w e e n   t h e   mean  l i n e   and  t h e   w a v i n e s s   c u r v e   a t   s e l e c t e d  

p o i n t s   is   m i n i m u m .   The  f i l t e r e d   maximum  w a v i n e s s   WCM  i s  

t he   sum  of  t h e   d e v i a t i o n s   of   t he   mean  l i n e   f rom  t h e  

maximum  wave  h e i g h t   and  the   min imum  wave  h e i g h t .  

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

when  100  WCM  v a l u e s   a r e   o b t a i n e d   a t   a r b i t r a r i l y   s e l e c t e d  

100  l o c a t i o n s   as  d e s c r i b e d   a b o v e ,   a  WCM  v a l u e   of  4 µm  o r  



g r e a t e r   can  be  o b t a i n e d   a t   no t   more   t h a n   10  s u c h  

l o c a t i o n s .  

C o a t e d   p a p e r ,  f o r   e x a m p l e ,   can   be  u s e d   as  t h e  

s u p p o r t   h a v i n g   t h e   a b o v e - d e s c r i b e d   p r o p e r t i e s .   In  o t h e r  

w o r d s ,   t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s   a  dye  t r a n s f e r  

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

c o n t a i n i n g   l i g h t - s e n s i t i v e   m a t e r i a l   on  a  dye  f i x i n g  

m a t e r i a l   h a v i n g   a  dye  f i x i n g   l a y e r   to   t h e r e b y   t r a n s f e r  

s a i d   dye  to  t h i s   dye  f i x i n g   l a y e r ,   and  w h e r e i n   t h e   s u p p o r t  

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

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

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

p a p e r   made  by  c o a t i n g   a  b a s e   ( e . g . ,   wood  f r e e   p a p e r   a n d  

med ium  q u a l i t y  p a p e r )   on  one  s i d e   or  b o t h   s i d e s   t h e r e o f  

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

c l a y   w i t h   an  a d h e s i v e   ( e . g . ,   c a s e i n ,   s t a r c h ,   l a t e x ,  

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

" c o a t e d   p a p e r "   i n c l u d e s   " a r t   p a p e r "   ( c o a t i n g   w e i g h t :   a b o u t  

20  g / m 2 ) ,   " c o a t e d   p a p e r "   ( c o a t i n g   w e i g h t :   a b o u t   10  g / m 2 )  

and  " l i g h t   w e i g h t   c o a t e d   p a p e r "   ( c o a t i n g   w e i g h t :   a b o u t  

5  g / m 2 ) ,   t h e   c l a s s i f i c a t i o n   b e i n g   made  d e p e n d i n g   on  t h e  

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

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

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

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



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

t h e r e b y   p r o v i d e   a  s t r o n g   g l o s s .   (For   d e t a i l ,   s e e  

" T e c h n i c a l   H a n d b o o k   of  P u l p   and  P a p e r "   e d i t e d   a n d  

p u b l i s h e d   by  t h e   J a p a n e s e   T e c h n i c a l   A s s o c i a t i o n   of   t h e  

P u l p   and  P a p e r   I n d u s t r y ,   ( 1 9 8 2 ) ,   p . 4 1 5   and  p p . 5 3 5 - 5 3 6 ,  

e t c . ) .  

The  c o a t e d   p a p e r   has   h i g h   s m o o t h n e s s   of   t h e  

s u r f a c e   e v e n   in  t h e   c a s e   of   p a p e r   made  w i t h   a  t h i n   b a s e  

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

s u r f a c e   s m o o t h n e s s ) ,   and  as  a  r e s u l t ,   t h e   s u r f a c e   of   t h e  

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

p a p e r   is   a l s o   s m o o t h .   C o n s e q u e n t l y ,   t h e   l i g h t - s e n s i t i v e  

m a t e r i a l   and  t he   dye  f i x i n g   m a t e r i a l   can   be  b r o u g h t   i n t o  

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

t r a n s f e r .  

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

p r e s e n t   i n v e n t i o n   is   p r e f e r a b l y   of  a  r e l a t i v e l y   t h i n  

( l i g h t )   t y p e ,   t h e   b a s i s   w e i g h t   b e i n g   in  t he   r a n g e   o f  

2 0  g / m 2   to  2 0 0  g / m 2 ,   and  p a r t i c u l a r l y   in  t h e   r a n g e   o f  

50  g/m2  to  100  g / m 2 .  

In  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n .   S u c h  

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

or  a  dye  f i x i n g   l a y e r   u s e d   f o r   t h e   b e l o w - d e s c r i b e d   l i g h t -  

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

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



on  one  s i d e   or  on  b o t h   s i d e s ,   p r o v i d i n g   a  s u b b i n g   l a y e r   a s  

r e q u i r e d ,   and  t h e n   w i t h   a  c o a t i n g   l a y e r   or  a  dye  f i x i n g  

l a y e r   of  t he   a b o v e - d e s c r i b e d   l i g h t - s e n s i t i v e   m a t e r i a l .   A 

w h i t e   p i g m e n t   s u c h   as  t i t a n i u m   d i o x i d e   may  be  i n c o r p o r a t e d  

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

t h e r e b y   fo rm  a  w h i t e - c o l o r e d   r e f l e c t i v e   l a y e r .   T h e  

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

p r e f e r a b l y   to  t h e   t h i c k n e s s   of  5  to   50  m i c r o n s ,   and  i n  

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

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

l a y e r   h a v i n g   a  t h i c k n e s s   of   40  m i c r o n s   or  l e s s .  

The  p r e s e n t   i n v e n t i o n   i s   e f f e c t i v e   f o r  

p r e v e n t i n g   u n e v e n n e s s   of  t r a n s f e r   in  any  p r o c e s s   f o r  

t r a n s f e r r i n g   a  m o b i l e   dye  f rom  one  m a t e r i a l   to  a n o t h e r  

m a t e r i a l .   The  p r e s e n t   i n v e n t i o n ,   h o w e v e r ,   r e v e a l s  

p a r t i c u l a r l y   s u p e r i o r   e f f e c t s   in  a  dye  t r a n s f e r   p r o c e s s  

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

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

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

p a t t e r n   c o r r e s p o n d i n g   to  t h e   r e d u c e d   or  u n r e d u c e d   a r e a s  

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

c o m p r i s i n g   a t   l e a s t   (1)  a  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 ,  

(2)  a  b i n d e r   and  (3)  an  e l e v a t e d   t e m p e r a t u r e ;  

s i m u l t a n e o u s l y   or  s u b s e q u e n t l y   h e a t i n g   t he   l i g h t - s e n s i t i v e  



m a t e r i a l   to   fo rm  a  m o b i l e   dye  in  an  i m a g e w i s e   p a t t e r n ;   a n d  

s u p e r i m p o s i n g   t he   l i g h t - s e n s i t i v e   m a t e r i a l   on  a  dye  f i x i n g  

m a t e r i a l   h a v i n g   a  dye  f i x i n g   l a y e r   on  a  s u p p o r t   to   t h e r e b y  

t r a n s f e r   s a i d   m o b i l e   dye  to  s a i d   dye  f i x i n g   l a y e r .   I n  

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

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

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

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

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

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

s e n s i t i v e   m a t e r i a l s .  

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

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

Nos .   7 6 , 4 9 2   and  7 9 , 0 5 6 ;   i . e . ,   t h o s e   w h i c h   c o n t a i n   on  a  

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

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

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

a l s o   s e r v e   as  a  r e d u c i n g   a g e n t .  

A n o t h e r   e m b o d i m e n t   of  t h e   h e a t   d e v e l o p m e n t  

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

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

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

c o m p o n e n t   c a p a b l e   of  c o u p l i n g   w i t h   t h e   d i a z o   c o m p o u n d .  

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

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



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

c a p a b l e   of  c o u p l i n g   w i t h   t h e   d i a z o   c o m p o u n d ,   and  a  

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

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

upon  h e a t i n g   to   a b o u t   100  to   200oC  to  t h e r e b y   fo rm  an  a z o  

d y e .  

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

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

P a t e n t   A p p l i c a t i o n   (OPI)  Nos .   1 1 2 2 9 / 7 5 ,   1 0 9 9 2 4 / 7 7 ,  

4 5 0 9 4 / 8 2 ,   1 3 3 0 3 3 / 8 0   and  1 5 0 0 1 4 / 7 7   and  J a p a n e s e   P a t e n t  

P u b l i c a t i o n s   Nos .   1 9 6 2 0 / 8 1 ,   2 4 7 2 6 / 6 8 ,   4 0 4 5 5 / 7 6 ,   4 1 2 0 2 / 7 3  

and  2 8 6 6 3 / 6 9 .  

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

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

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

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

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

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

f i x i n g   e l e m e n t s   as  r e q u i r e d .  



The  s i l v e r   h a l i d e s   u s e d   in   t h e   p r e s e n t   i n v e n -  

t i o n   may  be  any   s i l v e 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  

i o d i d e ,   s i l v e r   c h l o r o b r o m i d e ,   s i l v e r   c h l o r o i o d i d e ,   s i l v e r  

i o d o b r o m i d e   and   s i l v e r   c h l o r o i o d o b r o m i d e .   T h e s e   s i l v e r  

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

t i o n   or  h a v e   a  s t r u c t u r e   w i t h   d i f f e r e n t   i n n e r   and   o u t e r  

h a l o g e n   c o m p o s i t i o n s ,   as  d e s c r i b e d   in   J a p a n e s e   P a t e n t  

A p p l i c a t i o n   (OPI)  Nos .   1 5 4 2 3 2 / 8 2 ,   1 0 8 5 3 3 / 8 3 ,   4 8 7 5 5 / 8 4  

and   5 2 2 3 7 / 8 4   ( t h e   t e r m   "OPI"   as  u s e d   h e r e i n   r e f e r s   to   a  

" p u b l i s h e d   u n e x a m i n e d   J a p a n e s e   p a t e n t   a p p l i c a t i o n " ) ,   U . S .  

P a t e n t   4 , 4 3 3 , 0 4 8   and  E u r o p e a n   P a t e n t   1 0 0 , 9 8 4 .   R e g a r d i n g  

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

h a v i n g   a  t h i c k n e s s   of   a b o u t   0 .5   um  or   l e s s ,   a  d i a m e t e r  



of  a t   l e a s t   a b o u t   0 .6   um  and   an  a v e r a g e   a s p e c t   r a t i o   o f  

a b o u t   5  o r   m o r e  . ( a s   d e s c r i b e d ,   e . g . ,   in   U . S .   P a t e n t s  

4 , 4 1 4 , 3 1 0   and   4 , 4 3 5 , 4 9 9   and   W e s t   G e r m a n   P a t e n t   A p p l i c a -  

t i o n   (OLS)  No.  3 , 2 4 1 , 6 4 6   A1)  may  be  u s e d   i n  t h e   p r e s e n t  

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

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

d i s t r i b u t i o n   (as  d e s c r i b e d ,   e . g . ,   i n   J a p a n e s e   P a t e n t  

A p p l i c a t i o n   (OPI)  N o s .   1 7 8 2 3 5 / 8 2 ,   1 0 0 8 4 6 / 8 3   and   1 4 8 2 9 / 8 3 ,  

I n t e r n a t i o n a l   P a t e n t   P u b l i c a t i o n   No.  8 3 / 0 2 3 3 8 A 1 ,   a n d  

E u r o p e a n - P a t e n t s   6 4 , 4 1 2 A 3 - a n d   8 3 , 3 7 7 A 1 )   may  a l s o   be  u s e d  

in   t h e   p r e s e n t   i n v e n t i o n .   F u r t h e r m o r e ,   two  o r   m o r e  k i n d s  

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

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

t i o n   may  be  u s e d   t o g e t h e r ;   and   i t   i s   a l s o   p o s s i b l e   t o  

b l e n d   two  or   more   k i n d s   of  m o n o d i s p e r s e   e m u l s i o n s   e a c h  

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

t h e   g r a d a t i o n   of  an  i m a g e   to   be  f o r m e d .  

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

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

t h e   r a n g e   of   a b o u t   0 . 0 0 1   µm  to  10  µm,  more   p r e f e r a b l y  

a b o u t   0 . 0 0 1   µm  to  5  µm.  The  s i l v e r   h a l i d e   e m u l s i o n   m a y  

be  p r e p a r e d   by  any  c o n v e n t i o n a l   means   s u c h   as   an  a c i d  

m e t h o d ,   a  n e u t r a l   m e t h o d   or  an  a m m o n i a   m e t h o d .   For   t h e  

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

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



or  a  c o m b i n a t i o n   t h e r e o f   may  be  u s e d .   In  a d d i t i o n ,   a  

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

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

c o n t r o l l e d   d o u b l e   j e t   m e t h o d   w h e r e   t h e   v a l u e   of   pAg  i s  

k e p t   c o n s t a n t   may  a l s o   be  u s e d .   In   o r d e r   to   a c c e l e r a t e  

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

c o n c e n t r a t i o n   of  t h e   s i l v e r   s a l t   and   h a l o g e n   s a l t   to  b e  

a d d e d   as  w e l l   as  t h e   a m o u n t   t h e r e o f   and   t h e   r a t e   o f  

a d d i t i o n   t h e r e o f   may  be  e l e v a t e d   a p p r o p r i a t e l y ,   a s  

d i s c l o s e d  i n   J a p a n e s e   P a t e n t   A p p l i c a t i o n   (OPI)  N o s .  

1 4 2 3 2 9 / 8 0   and   1 5 8 1 2 4 / 8 0   and   U . S .   P a t e n t   3 , 6 5 0 , 7 5 7 .  

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

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

d i s c l o s e d   i n   J a p a n e s e   P a t e n t   A p p l i c a t i o n   (OPI)  N o .  

1 6 1 2 4 / 8 1   and   U . S .   P a t e n t   4 , 0 9 4 , 6 8 4 .  

When  a  s i l v e r   h a l i d e   a l o n e   i s   u s e d   i n   t h e  

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

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

u s e   s i l v e r   c h l o r o i o d i d e ,   s i l v e r   i o d o b r o m i d e   and   s i l v e r  

c h l o r o i o d o b r o m i d e   e x h i b i t i n g   an  X - r a y   d i f f r a c t i o n  

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

Such  s i l v e r   h a l i d e s   may  be  f o r m e d ,   f o r   e x a m p l e ,  

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

b r o m i d e   s o l u t i o n   to   f o rm  s i l v e r   b r o m i d e   g r a i n s ,   and   t h e n  

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

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



In  t h e   s t e p   of  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 o  

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

i ng   a  s i l v e r   h a l i d e   may  be  u s e d ,   s u c h   as  a m m o n i a   or   a n  

o r g a n i c   t h i o e t h e r   d e r i v a t i v e   as   d e s c r i b e d   in   J a p a n e s e  

P a t e n t   P u b l i c a t i o n   No.  1 1 3 8 6 / 7 2 ,   o r   a  s u l f u r - c o n t a i n i n g  

c o m p o u n d   as  d e s c r i b e d   in   J a p a n e s e   P a t e n t   A p p l i c a t i o n   ( O P I )  

N o .  1 4 4 3 1 9 / 7 8 .  

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

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

z i n c - s a l t ,   a  l e a d   s a l t ,   a - t h a l l i u m  s a l t  m a y   be  u s e d .  

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

i n t e n s i t y   r e c i p r o c i t y   f a i l u r e   o r   low  i n t e n s i t y   r e c i p r o c i -  

ty   f a i l u r e ,   a  w a t e r - s o l u b l e   i r i d i u m   s a l t   s u c h   as  i r i d i u m  

( I I I ,   IV)  c h l o r i d e   or   ammonium  h e x a c h l o r o i r i d a t e ,   o r   a  

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

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

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

S o l u b l e   s a l t s ,   i f   a n y ,   may  be  r e m o v e d   f r o m   t h e  

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

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

o f ,   by  n o o d l e   w a s h i n g   or  by  a  s e d i m e n t a t i o n   m e t h o d .  

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

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

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

l i g h t - s e n s i t i v e   m a t e r i a l ,   in   g e n e r a l ,   may  be  r i p e n e d   b y  



c o n v e n t i o n a l   s u l f u r   s e n s i t i z a t i o n ,   r e d u c t i o n   s e n s i t i z a -  

t i o n   or   n o b l e   m e t a l   s e n s i t i z a t i o n   or   a  c o m b i n a t i o n   o f  

s a i d   c o n v e n t i o n a l   s e n s i t i z a t i o n   m e a n s ,   w h i c h   may  b e  

c a r r i e d   o u t   in   t h e   p r e s e n c e   of   a  n i t r o g e n - c o n t a i n i n g  

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

J a p a n e s e   P a t e n t   A p p l i c a t i o n   (OPI)  Nos .   1 2 6 5 2 6 / 8 3   a n d  

2 1 5 6 4 4 / 8 3 .  

The  s i l v e r   h a l i d e   e m u l s i o n   to   be  u s e d   i n   t h e  

p r e s e n t   i n v e n t i o n   may  be  any   of   a  s u r f a c e   l a t e n t   i m a g e  

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

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

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

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

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

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

t h e   p r e s e n t   i n v e n t i o n .   V a r i o u s   k i n d s   of   i n t e r n a l   l a t e n t  

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

e . g . ,   i n   U . S .   P a t e n t s   2 , 5 9 2 , 2 5 0   and  3 , 7 6 1 , 2 7 6 ,   J a p a n e s e  

P a t e n t   P u b l i c a t i o n   No.  3 5 3 4 / 8 3   and  J a p a n e s e   P a t e n t   A p p l i -  

c a t i o n   (OPI)  No.  1 3 6 6 4 1 / 8 2 .   P r e f e r r e d   n u c l e a t i n g   a g e n t s  

w h i c h   may  be  u s e d   in   t h e   p r e s e n t   i n v e n t i o n   in   c o m b i n a t i o n  

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

e . g . ,   in   U . S .   P a t e n t s   3 , 2 2 7 , 5 5 2 ,   4 , 2 4 5 , 0 3 7 ,   4 , 2 5 5 , 5 1 1 ,  

4 , 2 6 6 , 0 1 3   a n d   4 , 2 7 6 , 3 6 4   and  Wes t   Ge rman   P a t e n t   A p p l i c a -  

t i o n   (OLS)  No.  2 , 6 3 5 , 3 1 6 .  



The  a m o u n t   of  t h e   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  

in   t h e   l i g h t - s e n s i t i v e   l a y e r   of   t h e   p r e s e n t   i n v e n t i o n   i s  

2  2 f r o m   a b o u t   l . m g / m   to   10  g / m  ,   p r e f e r a b l y   a b o u t   50  m g / m 2  

to   8  g / m 2 ,   c a l c u l a t e d   in   t e r m s   of  t h e   c o n t e n t   of   s i l v e r  

t h e r e i n .  

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

w h i c h   i s   r e l a t i v e l y   s t a b l e   to   l i g h t   may  be  u s e d   a s   a n  

o x i d i z i n g   a g e n t ,   t o g e t h e r   w i t h   t h e   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 .   In   t h i s   c a s e ,   i t   i s   n e c e s s a r y   t h a t   t h e   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   a n d  o r g a n i c   m e t a l   s a l t   be  i n  

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

o t h e r   or   k e p t   n e a r   t o   e a c h   o t h e r .   An  o r g a n i c   s i l v e r   s a l t  

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

A l t h o u g h   n o t   d e s i r i n g   t o   be  b o u n d   by  t h e o r y   when   a n  

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

l i g h t - s e n s i t i v e   m a t e r i a l   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 ,   when  t h e   e x p o s e d   l i g h t - s e n s i t i v e   m a t e r i a l   i s  

h e a t e d   a t   a  t e m p e r a t u r e   of   a b o u t   80°C  or   h i g h e r ,   p r e f e r -  

a b l y   a b o u t   100°C  or   h i g h e r ,   t h e   o r g a n i c   s i l v e r   s a l t  

o x i d i z i n g -  a g e n t   i s   c o n s i d e r e d   to   p a r t i c i p a t e   in   a  r e d o x  

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

h a l i d e   l a t e n t   i m a g e   as  a  c a t a l y s t .  

E x a m p l e s   of  o r g a n i c   c o m p o u n d s   w h i c h   may  b e  

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

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



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

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

c o n t a i n i n g   c o m p o u n d s .  

T y p i c a l   e x a m p l e s   of  a l i p h a t i c   c a r b o x y l i c   a c i d s  

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

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

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

t a r t a r i c   a c i d ,   f u r o i n i c   a c i d ,   l i n o l e i c   a c i d ,   l i n o l e n i c  

a c i d ,   a d i p i c   a c i d ,   s e b a c i c   a c i d ,   s u c c i n i c   a c i d ,   a c e t i c  

a c i d ,   b u t y r i c   a c i d - o r   c a m p h o r i c - a c i d .   In  a d d i t i o n ,  

s i l v e r   s a l t s   of   h a l o g e n - s u b s t i t u t e d   or   h y d r o x y l -  

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

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

may  a l s o   be  u s e d   in   t h e   p r e s e n t   i n v e n t i o n .  

E x a m p l e s   of   a r o m a t i c   c a r b o x y l i c   a c i d s   or   o t h e r  

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

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

3 , 5 - d i h y d r o x y b e n z o i c   a c i d ,   o - ,   m-  or   p - m e t h y l b e n z o i c  

a c i d ,   2 , 4 - d i c h l o r o b e n z o i c   a c i d ,   a c e t a m i d o b e n z o i c   a c i d ,  

p - p h e n y l b e n z o i c   a c i d ,   g a l l i c   a c i d ,   t a n n i c   a c i d ,   p h t h a l i c  

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

a c i d ,   p y r o m e l l i t i c   a c i d   or   3 - c a r b o x y m e t h y l - 4 - m e t h y l - 4 -  

t h i a z o l i n e - 2 - t h i o n e .  

E x a m p l e s   of  m e r c a p t o -   or   t h i o c a r b o n y l -  

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

s a l t   i n c l u d e   3 - m e r c a p t o - 4 - p h e n y l - 1 , 2 , 4 - t r i a z o l e ,   2 -  



m e r c a p t o b e n z i m i d a z o l e ,   2 - m e r c a p t o - 5 - a m i n o t h i a d i a z o l e ,   2 -  

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

t h e   a l k y l   m o i e t y   h a s   a b o u t   12  to   22  c a r b o n   a t o m s ,   d i t h i o -  

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

. s u c h   as  t h i o s t e a r o a m i d e ,   5 - c a r b o x y - 1 - m e t h y l - 2 - p h e n y l - 4 -  

t h i o p y r i d i n e ,   m e r c a p t o t r i a z i n e ,   2 - m e r c a p t o b e n z o x a z o l e ,  

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

and   o t h e r   m e r c a p t o   c o m p o u n d s ,   as  d e s c r i b e d   i n   U . S .   P a t e n t  

4 , 1 2 3 , 2 7 4 .  

- E x a m p l e s   o f . i m i n o - c o n t a i n i n g   c o m p o u n d s   w h i c h  -  -  

may  be  u s e d   as  t h e  o r g a n i c   c o m p o n e n t  i n c l u d e   b e n z o -  

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

P a t e n t   P u b l i c a t i o n   N o s .   3 0 2 7 0 / 6 9   and   1 8 4 1 6 / 7 0 ,   f o r  

e x a m p l e ,   b e n z o t r i a z o l e ,   m e t h y l b e n z o t r i a z o l e   and   o t h e r  

a l k y l - 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 ,   5 - c h l o r o b e n z o t r i a z o l e  

and   o t h e r   h a l o g e n - 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 ,   and  b u t y l -  

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

t r i a z o l e s ;   n i t r o b e n z o t r i a z o l e s   as  d e s c r i b e d   i n   J a p a n e s e  

P a t e n t   A p p l i c a t i o n   (OPI)   No.  1 1 8 6 3 9 / 8 3 ;   s u l f o b e n z o -  

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

n i t r o b e n z o t r i a z o l e   as   d e s c r i b e d   i n   J a p a n e s e   P a t e n t   A p p l i -  

c a t i o n   (OPI)  No.  1 1 8 6 3 8 / 8 3 ;   and  1 , 2 , 4 - t r i a z o l e ,   1 H -  

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

t i v e s   t h e r e o f   as  d e s c r i b e d   in  U .S .   P a t e n t   4 , 2 2 0 , 7 0 9 .  



In  a d d i t i o n ,   s i l v e r   s a l t s   as  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   RD  17029  ( J u n e ,   1 9 7 8 ) ,   o r g a n i c   m e t a l  

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

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

s u c h   as  p h e n y l p r o p i o l i c   a c i d   as  d e s c r i b e d   i n   J a p a n e s e  

P a t e n t   A p p l i c a t i o n   (OPI)  No.  1 1 3 2 3 5 / 8 5   may  a l s o   be  u s e d  

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

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

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

a b o u t   0.0.1  to   1 0  m o l s , _ _ p r e f e r a b l y   a b o u t   0 . 01   to   1  m o l ,  

p e r   mol  o f   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   u s e d .   The  t o t a l  .  

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

s i l v e r   s a l t   i s   s u i t a b l y   f r o m   a b o u t   50  m g / m   to   10  g / m 2 .  

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

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

dye   or   o t h e r   s e n s i t i z i n g   d y e .   S e n s i t i z i n g   d y e s   w h i c h  

may  be  u s e d   f o r   s p e c t r a l   s e n s i t i z a t i o n   i n c l u d e   c y a n i n e  

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

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

d y e s ,   s t y r y l   d y e s   and  h e m i o x o n o l   d y e s .   E s p e c i a l l y   p r e f e r -  

r e d   d y e s   a r e   c y a n i n e   d y e s ,   m e r o c y a n i n e   d y e s   and   c o m p l e x  

m e r o c y a n i n e   d y e s .   T h e s e   d y e s   may  c o n t a i n   any   c o n v e n t i o n -  

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

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

n u c l e u s ,   an  o x a z o l i n e   n u c l e u s ,   a  t h i a z o l i n e   n u c l e u s ,  



a  p y r r o l e   n u c l e u s ,   an  o x a z o l e   n u c l e u s ,   a  t h i z o l e   n u c l e u s ,  

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

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

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

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

n u c l e u s ,   a  b e n z i n d o l e n i n e   n u c l e u s ,   an  i n d o l e   n u c l e u s ,   a  

b e n z o x a z o l e   n u c l e u s ,   a  n a p h t h o x a z o l e   n u c l e u s ,   a  b e n z o -  

t h i a z o l e   n u c l e u s ,  a   n a p h t h o t h i a z o l e   n u c l e u s ,   a  b e n z o -  

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

q u i n o l i n e   n u c l e u s .   T h e s e - n u c l e i   m a y - o p t i o n a l l y   h a v e  

s u b s t i t u e n t ( s )   on  t h e i r   c a r b o n   a t o m ( s ) .  

The  m e r o c y a n i n e   d y e s   and   c o m p l e x   m e r o c y a n i n e  

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

as  5-  or   6 - m e m b e r e d   h e t e r o c y c l i c   n u c l e i   i n c l u d i n g   a  

p y r a z o l i n - 5 - o n e   n u c l e u s ,   a  t h i o h y d a n t o i n   n u c l e u s ,   a  2 -  

t h i o o x a z o l i d i n e - 2 , 4 - d i o n e   n u c l e u s ,   a  t h i a z o l i d i n e - 2 , 4 -  

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

a c i d   n u c l e u s .  

The  s e n s i t i z i n g   d y e s   may  be  u s e d   a l o n e   or   i n  

c o m b i n a t i o n   of  two  or   more   s e n s i t i z i n g   d y e s .   The  c o m b i n a -  

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

t h e   p u r p o s e   of   s u p e r s e n s i t i z a t i o n .  

The  l i g h t - s e n s i t i v e   e m u l s i o n   of   t h e   p r e s e n t  

i n v e n t i o n   may  f u r t h e r   c o n t a i n ,   t o g e t h e r   w i t h   t h e   s e n s i -  

t i z i n g   d y e ,   a  dye  w h i c h   i t s e l f   d o e s   n o t   h a v e   any   s p e c t r a l  



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

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

a  s u p e r s e n s i t i z a t i o n   a c t i v i t y .   F o r   e x a m p l e ,   t h e   p r e s e n t  

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

by  a  n i t r o g e n - c o n t a i n i n g   h e t e r o c y c l i c   g r o u p   ( e . g . ,   a s  

d e s c r i b e d   in   U . S .   P a t e n t s   2 , 9 3 3 , 3 9 0   and   3 , 6 3 5 , 7 2 1 ) ,   a n  

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

( e . g . ,   as  d e s c r i b e d   in   U . S .   P a t e n t   3 , 7 4 3 , 5 1 0 ) ,   a  c a d m i u m  

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

c o m b i n a t i o n s   d e s c r i b e d   in   U . S .  P a t e n t s  3 , 6 1 5 , 6 1 3 , -  

3 , 6 1 5 , 6 4 1 ,   3 , 6 1 7 , 2 9 5  a n d  3 , 6 3 5 , 7 2 1   a r e   e s p e c i a l l y   p r e f e r -  

r e d .  

In  o r d e r   to   i n c o r p o r a t e   t h e   s e n s i t i z i n g   d y e  

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

p r e s e n t   i n v e n t i o n ,   t h e   dye   may  be  d i s p e r s e d   d i r e c t l y .  i n  

t h e   e m u l s i o n ,   or   a l t e r n a t i v e l y ,   t h e   dye  may  be  f i r s t  

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

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

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

In  a d d i t i o n ,   t h e   s e n s i t i z i n g   dye  may  be  f i r s t   d i s s o l v e d  

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

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

w a t e r   or   in   a  h y d r o p h i l i c   c o l l o i d ,   and  t h e r e a f t e r   t h e  

r e s u l t a n t   d i s p e r s i o n   a d d e d   to   t h e  e m u l s i o n .   In   a n o t h e r  

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



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

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

p r o v i d i n g   c o m p o u n d ,   and   t h e   s e n s i t i z i n g   dye  i s   i n c o r p o -  

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

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

s e n s i t i z i n g   dye  u s e d   in   c o m b i n a t i o n   may  be  d i s s o l v e d  

- s e p a r a t e l y   in   a  s e p a r a t e   s o l v e n t ,   or   a l t e r n a t i v e l y ,   t h e  

m i x t u r e   of  s e n s i t i z i n g   d y e s   to   be  u s e d   t o g e t h e r   may  b e  

d i s s o l v e d   in   t h e   same  s o l v e n t .   When  t h e   s e n s i t i z i n g   d y e  

i s   a d d e d   to  an  e m u l s i o n ,   two  o r   more   s e n s i t i z i n g   d y e s  

may  be  a d d e d   s i m u l t a n e o u s l y   in   t h e   f o r m   of   a  m i x t u r e  

t h e r e o f ,   e a c h   s e n s i t i z i n g   dye  may  be  a d d e d   s e p a r a t e l y ,  

o r   e a c h   s e n s i t i z i n g . d y e   may  be  a d d e d   t o g e t h e r   w i t h   a n y  

o t h e r   a d d i t i v e s . ,   R e g a r d i n g   t h e   p o i n t   in   t i m e   when  t h e  

s e n s i t i z i n g   dye  i s   a d d e d   to   t h e   e m u l s i o n ,   t h e   dye   may  b e  

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

c h e m i c a l   r i p e n i n g .   A l t e r n a t i v e l y ,   t h e   dye   may  be  a d d e d  

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

h a l i d e   g r a i n   n u c l e i ,   as  d i s c l o s e d   in  U . S .   P a t e n t s  

4 , 1 8 3 , 7 5 6   or   4 , 2 2 5 , 6 6 6 .  

The  a m o u n t   of  t h e   s e n s i t i z i n g   dye  a d d e d   to   t h e  

e m u l s i o n   i s ,   in   g e n e r a l ,   a b o u t   10-8  to  10-2   mol  p e r   m o l  

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

In  t h e   l i g h t - s e n s i t i v e   m a t e r i a l   of   t h e   p r e s e n t  

i n v e n t i o n ,   v a r i o u s   dye   p r o v i d i n g   s u b s t a n c e s   may  be  u s e d  

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

d y e .  



The  d y e - p r o v i d i n g   c o m p o u n d s   w h i c h   c a n   be  u s e d  

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

c a p a b l e   of   r e a c t i n g   w i t h   a  d e v e l o p i n g   a g e n t .   In  t h e  

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

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

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

o x i d a t i o n - r e d u c t i o n   r e a c t i o n   w i t h   a  s i l v e r   s a l t .   T h i s   s y s -  

tem  i s   d e s c r i b e d   in   a  n u m b e r   of  l i t e r a t u r e   r e f e r e n c e s .   S p e c i f i c  

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

e . g . ,   in   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 th   E d . ,   2 9 1 - 3 3 4   &  3 5 4 - 3 6 1 ,   S h i n i c h i   K i k u c h i ,  

S h a s h i n   K a g a k u ,   4 t h  E d . ,   2 8 4 - 2 9 5 ,   K y o r i t s u   S h u p p a n ,   e t c .  

The  d y e - p r o v i d i n g   c o m p o u n d s   s e c o n d l y   i n c l u d e  

d y e - s i l v e r   c o m p o u n d s ,   i . e . ,   c o m b i n a t i o n s   of   s i l v e r   and  a  

d y e .   S p e c i f i c   e x a m p l e s   of   d y e - s i l v e r   c o m p o u n d s   a r e   g i v e n ,  

e . g . ,   in   R e s e a r c h   D i s c l o s u r e   ( R D - 1 6 9 6 6 ) ,   5 4 - 5 8   ( M a y ,  

1 9 7 8 ) ,   e t c .  

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

d y e s   u s e d   in   a  h e a t   d e v e l o p a b l e   s i l v e r   dye  b l e a c h   p r o c e s s .  

S p e c i f i c   e x a m p l e s   of   u s a b l e   d i a z o   d y e s   and  m e t h o d s   o f  

b l e a c h i n g   a r e   d e s c r i b e d ,   e . g . ,   in   U .S .   P a t e n t   4 , 2 3 5 , 9 5 7 ,  

R e s e a r c h   D i s c l o s u r e   ( R D - 1 4 4 3 3 ) ,   3 0 - 3 2   ( A p r . ,   1 9 7 6 ) ,   e t c .  

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

i s   l e u c o   d y e s   as  d e s c r i b e d ,   e . g . ,   in   U .S .   P a t e n t s   3 , 9 8 5 , 5 6 5  

and  4 , 0 2 2 , 6 1 7 ,   e t c .  



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

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

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

s y s t e m s   d e s c r i b e d ,   e . g . ,   in   EPC  P a t e n t s   7 6 , 4 9 2   a n d  

7 9 , 0 5 6 .   The  e f f e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   p a r t i -  

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

The  a b o v e - m e n t i o n e d   c o m p o u n d s   c a p a b l e   o f  

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

r e p r e s e n t e d   by  t h e   f o r m u l a   ( L I ) :  

w h e r e i n   Dye  r e p r e s e n t s   a  dye  g r o u p   or   a  dye   p r e c u r s o r  

g r o u p ;   X  r e p r e s e n t s   a  mere   bond   o r   a  l i n k i n g   g r o u p ;   Y 

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

t i o n   in   d i f f u s i b i l i t y   of   ( D y e - X ) n - Y   or   c a p a b l e   of   i m a g e -  

w i s e   r e l e a s i n g   Dye  t h e r e b y   m a k i n g   a  d i f f e r e n c e   i n  

d i f f u s i b i l i t y   b e t w e e n   t h e   r e l e a s e d   Dye  and  ( D y e - X )  n - Y ,  

b o t h   in  c o r r e s p o n d e n c e   or   c o u n t e r   c o r r e s p o n d e n c e  w i t h   a  

l i g h t - s e n s i t i v e   s i l v e r   s a l t   h a v i n g   a  l a t e n t   i m a g e ;   and  n  

r e p r e s e n t s   1  or   2,  when  n  i s   2,  two  (Dye-X)  g r o u p s   m a y  

be  t h e   same  or   d i f f e r e n t .  

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

ed  by  t h e   a b o v e - d e s c r i b e d   f o r m u l a   (LI)  i n c l u d e   d y e  

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



m o i e t y   and  a  dye  m o i e t y   as  d i s c l o s e d   in   U . S .   P a t e n t s  

3 , 1 3 4 , 7 6 4 ,   3 , 3 6 2 , 8 1 9 ,   3 , 5 9 7 , 2 0 0 ,   3 , 5 4 4 , 5 4 5   a n d  

3 , 4 8 2 , 9 7 2 ,   e t c . ;   c o m p o u n d s   c a p a b l e   of   r e l e a s i n g   d i f f u -  

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

t i o n   as  d i s c l o s e d   in   J a p a n e s e   P a t e n t   A p p l i c a t i o n ( O P I ) N o .  

6 3 6 1 8 / 7 6 ;   and  c o m p o u n d s   c a p a b l e   of   r e l e a s i n g   d i f f u s i b l e  

dyes   t h r o u g h   an  i n t e r m o l e c u l a r   r e a r r a n g e m e n t   r e a c t i o n   of  a n  

i s o x a z o l o n e   r i n g   as  d e s c r i b e d   in   J a p a n e s e   P a t e n t   A p p l i c a -  

t i o n   (OPI) No.  1 1 1 6 2 8 / 7 4 .   In  any  of  t h e   s y s t e m s   u s i n g  

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

ed  or   d i f f u s e d   i n   n o n - d e v e l o p e d   a r e a s   b u t   n e i t h e r   r e l e a s -  

ed  no r   d i f f u s e d   i n  d e v e l o p e d   a r e a s .  

In  t h e   a b o v e - d e s c r i b e d   s y s t e m s ,   s i n c e   r e l e a s e  

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

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

h a v i n g   a  h i g h   S/N  r a t i o .   In  o r d e r   to   o v e r c o m e   t h i s   d i s -  

a d v a n t a g e ,   i t   has   b e e n   p r o p o s e d   t h a t   t h e   d y e - p r o v i d i n g  

compound   i s   c o n v e r t e d   b e f o r e h a n d   to   an  o x i d i z e d   f o r m  

h a v i n g   no  c a p a b i l i t y   to   r e l e a s e   a  dye  and  i s   p r e s e n t  

t o g e t h e r   w i t h   a  r educ ing   a g e n t   or  i t s   p r e c u r s o r   a n d ,  

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

r e d u c e d   w i t h   t h e   r e d u c i n g   a g e n t   r e m a i n i n g   n o n - o x i d i z e d   t o  

t h e r e b y   r e l e a s e   a  d i f f u s i b l e   dye .   S p e c i f i c   e x a m p l e s   o f  

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

a r e   g i v e n   in   J a p a n e s e   P a t e n t   A p p l i c a t i o n   (OPI)  N o s .  



1 1 0 8 2 7 / 7 8 ,   1 3 0 9 2 7 / 7 9 ,   1 6 4 3 4 2 / 8 1   and  3 5 5 3 3 / 7 8 ,   e t c .  

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

d i f f u s i b l e   d y e s   in   t h e   a r e a s   w h e r e   d e v e l o p m e n t   t a k e s  

p l a c e   a r e   a l s o   known .   Fo r   e x a m p l e ,   c o m p o u n d s   h a v i n g  a  

d i f f u s i b l e   dye  as  a  r e l e a s a b l e   g r o u p   and  c a p a b l e   o f  

r e l e a s i n g   a  d i f f u s i b l e   dye   upon   r e a c t i n g   w i t h   an  o x i d i z -  

ed  d e v e l o p i n g   a g e n t   a r e   d i s c l o s e d   in   B r i t i s h   P a t e n t  

1 , 3 3 0 , 5 2 4 ,   J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  3 9 1 6 5 / 7 3 ,  

U.S .   P a t e n t   3 , 4 4 3 , 9 4 0 ,   e t c . ,   and  c o m p o u n d s   h a v i n g   a n  

a n t i - d i f f u s i b l e   g r o u p   as  a  r e l e a s a b l e   g r o u p   and  c a p a b l e  

of   f o r m i n g   a  d i f f u s i b l e   dye  upon   r e a c t i n g   w i t h   an  o x i d i z -  

ed  d e v e l o p i n g   a g e n t   a r e   d e s c r i b e d   in   U .S .   P a t e n t  

3 , 2 2 7 , 5 5 0 ,   e t c .  

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

a g e n t s ,   s t a i n   of   an  i m a g e   due  to   o x i d a t i v e   d e c o m p o s i t i o n  

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

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

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

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

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

t h e r e f o r .   D e f i n i t i o n s   f o r   s y m b o l s   in   t h e   f o l l o w i n g  

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



U.S .   P a t e n t   3 , 9 2 8 , 3 1 2  

U.S .   P a t e n t   4 , 0 5 3 , 3 1 2  

U .S .   P a t e n t   4 , 0 5 5 , 4 2 8  



U/S.   P a t e n t   4 , 3 3 6 , 3 2 2  

J a p a n e s e   P a t e n t   A p p l i c a t i o n  
(OPI)  No.  6 5 8 3 9 / 8 4  

J a p a n e s e   P a t e n t   A p p l i c a t i o n  
( O P I ) N o .   6 9 8 3 9 / 8 4  



J a p a n e s e   P a t e n t   A p p l i c a t i o n  

( O P I ) N o .   3 8 1 9 / 7 8  

J a p a n e s e   P a t e n t   A p p l i c a t i o n  
( O P I ) N o .   1 0 4 3 4 3 / 7 6  

J a p a n e s e   P a t e n t   A p p l i c a t i o n  
(OPI )No .   1 0 4 3 4 3 / 7 6  



J a p a n e s e   P a t e n t   A p p l i c a t i o n  

( O P I ) N o .   1 0 4 3 4 3 / 7 6  

R e s e a r c h   D i s c l o s u r e ,   No.  1 7 4 6 5  

U.S .   P a t e n t   3 , 7 2 5 , 0 6 2  



U.S .   P a t e n t   3 , 7 2 8 , 1 1 3  

U.S.   P a t e n t   3 , 4 4 3 , 9 3 9  

J a p a n e s e   P a t e n t   A p p l i c a t i o n  
(OPI)No.   1 1 6 5 3 7 / 8 3  



In  t h e   p r e s e n t   i n v e n t i o n ,   t h e   dye   p r o v i d i n g  

s u b s t a n c e   as  d e s c r i b e d   a b o v e   may  be  i n c o r p o r a t e d   i n t o  

l a y e r ( s )   of   a  l i g h t - s e n s i t i v e   m a t e r i a l   in   a  known  m a n n e r ,  

f o r   e x a m p l e ,   a c c o r d i n g   to   t h e   m e t h o d   d e s c r i b e d   in   U . S .  

P a t e n t   2 , 3 2 2 , 0 2 7 .   In  t h i s   c a s e ,   an  o r g a n i c   s o l v e n t  

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

a  low  b o i l i n g   p o i n t   may  be  u s e d .  

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

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

b o i l i n g   p o i n t   s u c h   as  an  a l k y l   p h t h a l a t e   ( e . g . ,   d i b u t y l  

p h t h a l a t e   or   d i o c t y l   p h t h a l a t e ) ,   a  p h o s p h a t e   ( e . g . ,  

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

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

t r i b u t y l   a c e t y l   c i t r a t e ) ,   a  b e n z o a t e   ( e . g . ,   o c t y l  

b e n z o a t e ) ,   an  a l k y l a m i d e   ( e . g . ,   d i e t h y l l a u r y l a m i d e ) ,  

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

d i o c t y l   a z e l a t e )   or   a  t r i m e s a t e   ( e . g . ,   t r i b u t y l   t r i m e s a t e ) ;  

or  in   an  o r g a n i c   s o l v e n t   h a v i n g   a  low  b o i l i n g   p o i n t   o f  

a b o u t   30°C  t o   1 6 0 ° C ,   s u c h   as  a  l o w e r   a l k y l   a c e t a t e   ( e . g . ,  

e t h y l   a c e t a t e   or   b u t y l   a c e t a t e )   or   e t h y l   p r o p i o n a t e ,  

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

e t h y l   a c e t a t e ,   m e t h y l   c e l l o s o l v e   a c e t a t e   o r   c y c l o h e x a n o n e ;  



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

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

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

a  low  b o i l i n g   p o i n t   may  a l s o   be  u s e d .  

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

p o l y m e r ,   as  d e s c r i b e d   in   J a p a n e s e   P a t e n t   P u b l i c a t i o n  

No.  3 9 8 5 3 / 7 6   and   J a p a n e s e   P a t e n t   A p p l i c a t i o n   ( O P I )  

No.  5 9 9 4 3 / 7 6   may  be  u s e d   f o r   i n c o r p o r a t i o n   o f  t h e   d y e -  

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

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

i s   d i s p e r s e d   in   a  h y d r o p h i l i c   c o l l o i d ,   v a r i o u s   s u r f a c -  

t a n t s   may  be  u s e d ,   and   e x a m p l e s   of  s u c h   s u r f a c t a n t s   a r e  

d e s c r i b e d   in   U . S .   P a t e n t   4 , 5 1 1 , 6 5 0 ,   C o l .   1 8 - 1 9 .  

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

b o i l i n g   p o i n t   u s e d   in   t h e   p r e s e n t   i n v e n t i o n   i s   10  g  o r  

l e s s ,   p r e f e r a b l y   i s   5  g  or   l e s s ,   p e r   g  of   t h e   d y e -  

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

t i o n .  

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

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

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

In  a d d i t i o n ,   r e d u c i n g   a g e n t   p r e c u r s o r s   may  a l s o   be  u s e d ,  



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

d e v e l o p   r e d u c t i v i t y   due   to   t h e   a c t i o n   of  a  n u c l e o p h i l i c  

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

E x a m p l e s   of   r e d u c i n g   a g e n t s   w h i c h   may  be  u s e d  

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

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

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

h y d r a z i d e s ,   b o r a n e / a m i n e   c o m p l e x e s ,   h y d r o q u i n o n e s ,  

a m i n o p h e n o l s ,   c a t e c h o l s ,   p - p h e n y l e n e d i a m i n e s ,   3 -  

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

and  4 - a m i n o - 5 - p y r a z o l o n e s .   In  a d d i t i o n ,   o t h e r   r e d u c i n g  

a g e n t s   as  d e s c r i b e d   in   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 ,   p p .   2 9 1 - 3 3 4   ( 4 t h   E d . ,   1977)   m a y  

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

d e s c r i b e d   in  J a p a n e s e   P a t e n t   A p p l i c a t i o n   (OPI)  N o s .  

1 3 8 7 3 6 / 8 1   and   4 0 2 4 5 / 8 2   and   U . S .   P a t e n t   4 , 3 3 0 , 6 1 7   m a y  

a l s o   be  u s e d .   F u r t h e r m o r e ,   c o m b i n a t i o n s   of   v a r i o u s  

k i n d s   of  d e v e l o p i n g   a g e n t s   as  i l l u s t r a t e d   in   U . S .   P a t e n t  

3 , 0 3 9 , 8 6 9   may  a l s o   be  u s e d   in   t h e   p r e s e n t   i n v e n t i o n .  

In  t h e   l i g h t - s e n s i t i v e   m a t e r i a l   of   t h e   p r e s e n t  

i n v e n t i o n ,   t h e   a m o u n t   of  t h e   r e d u c i n g   a g e n t   to   be  a d d e d  

i s   a b o u t   0 .01  to   20  m o l s ,   e s p e c i a l l y   p r e f e r a b l y   a b o u t  

0.1  to  10  m o l s ,   p e r   mol  of   s i l v e r   c o n t a i n e d   i n   t h e  

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



In  t h e   p r e s e n t   i n v e n t i o n ,   v a r i o u s   k i n d s   o f  

i m a g e   f o r m i n g   a c c e l e r a t o r s   may  be  u s e d .   I m a g e   f o r m -  

ing   a c c e l e r a t o r s   h a v e   v a r i o u s   f u n c t i o n ,   f o r  

e x a m p l e ,   to  a c c e l e r a t e   t h e   o x i d a t i o n   r e d u c t i o n   r e a c t i o n  

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

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

s u b s t a n c e   or  t h e   d e c o m p o s i t i o n   of  t h e   f o r m e d   dye   or   t h e  

r e l e a s e   of  a  d i f f u s i b l e   dye   f r o m   a  dye   p r o v i d i n g  

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

dye   f r o m   t h e   l i g h t - s e n s i t i v e   e l e m e n t   l a y e r   to  t h e   d y e  

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

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

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

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

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

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

h a v e   c o m p o s i t e   f u n c t i o n s   and  h a v e   two  or   more   a c c e l e r a t -  

i n g   f u n c t i o n s   as  m e n t i o n e d   a b o v e .  

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

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

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

f o l l o w i n g   c l a s s i f i c a t i o n   i s   n o t   c r i t i c a l ,   and   in   p r a c t i c e ,  

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

(a)  B a s e s :  

E x a m p l e s   of  p r e f e r r e d   b a s e s   a r e   i n o r g a n i c  

b a s e s   s u c h   as  a l k a l i   m e t a l   o r   a l k a l i n e   e a r t h   m e t a l  



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

c a r b o n a t e s ,   q u i n o l i n a t e s ,   m e t a b o r a t e s ;   a m m o n i u m  

h y d r o x i d e s ;   q u a t e r n a r y   a l k y l a m m o n i u m   h y d r o x i d e s ;   a n d  

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

a l i p h a t i c   a m i n e s   ( e . g . ,   t r i a l k y l a m i n e s ,   h y d r o x y l a m i n e s ,  

a l i p h a t i c   p o l y a m i n e s ) ;   a r o m a t i c   a m i n e s   ( e . g . ,   N - a l k y l -  

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

a r o m a t i c   a m i n e s   and   b i s [ p - ( d i a l k y l a m i n o ) p h e n y l ] m e t h a n e s )  ;  

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

g u a n i d i n e s ,   c y c l i c   g u a n i d i n e s .   Among  t h e m ,  b a s e s   h a v i n g  

a  pKa  v a l u e   of  8  or  m o r e   a r e   e s p e c i a l l y   p r e f e r r e d .  

(b)  B a s e   p r e c u r s o r s :  

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

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

u s e d ,   i n c l u d i n g   a  s a l t   of  an  o r g a n i c   a c i d   and   a  b a s e  

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

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

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

r e a c t i o n ,   L o s s e n   r e a r r a n g e m e n t ,   B e c k m a n n   r e a r r a n g e m e n t  

or  o t h e r   r e a c t i o n .   E x a m p l e s   of   p r e f e r r e d   b a s e   p r e c u r s o r s  

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

B r i t i s h   P a t e n t   9 9 8 , 9 4 9 ;   s a l t s   of   a - s u l f o n y l a c e t i c   a c i d  

as  d e s c r i b e d   in   U.S .   P a t e n t   4 , 0 6 0 , 4 2 0 ;   s a l t s   of  p r o p i o l i c  

a c i d s   as  d e s c r i b e d   in   J a p a n e s e  P a t e n t   A p p l i c a t i o n   ( O P I )  

No.  1 8 0 5 3 7 / 8 4 ;   2 - c a r b o x y c a r b o x a m i d e   d e r i v a t i v e s   a s  



d e s c r i b e d   in  U .S .   P a t e n t   4 , 0 8 8 , 4 9 6 ;   s a l t s   of  p y r o l y t i c  

a c i d s ,   in   w h i c h . a n   a l k a l i   m e t a l   or  a l k a l i n e   e a r t h   m e t a l  

c o m p o n e n t   i s   u s e d   b e s i d e s   an  o r g a n i c   b a s e ,   as  a  b a s e  

c o m p o n e n t ,   as  d e s c r i b e d   in   J a p a n e s e   P a t e n t   A p p l i c a t i o n  

(OPI)  No.  1 9 5 2 3 7 / 8 4 ;   h y d r o x a m e   c a r b a m a t e s   as  d e s c r i b e d   i n  

U .S .   P a t e n t   4 , 5 1 1 , 6 5 0 ,   in   w h i c h   a  L o s s e n   r e a r r a n g e m e n t  

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

n i t r i l e   u n d e r   h e a t ,   as  d e s c r i b e d   in   U . S .   P a t e n t   4 , 4 9 9 , 1 8 0 .  

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

B r i t i s h   P a t e n t   9 9 8 , 9 4 5 ,   U . S .   P a t e n t   3 , 2 2 0 , 8 4 6 ,   J a p a n e s e  

P a t e n t  A p p l i c a t i o n   (OPI)  No.  2 2 6 2 5 / 7 5   and   B r i t i s h   P a t e n t  

2 , 0 7 9 , 4 8 0   a r e   a l s o   u s e f u l .  

(c)  N u c l e o p h i l i c   c o m p o u n d s :  

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

a m i d i n e s ,   g u a n i d i n e s ,   h y d r o x y l a m i n e s ,   h y d r a z i n e s ,  

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

a c t i v e   m e t h y l e n e   c o m p o u n d s ,   a l c o h o l s   and  t h i o l s   may  b e  

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

(d)  O i l s :  

O r g a n i c   s o l v e n t s   h a v i n g   a  h i g h   b o i l i n g   p o i n t  

( " p l a s t i c i z e r s " )   w h i c h   a r e   u s e d   f o r   e m u l s i f i c a t i o n   a n d  

d i s p e r s i o n   of  h y d r o p h o b i c   c o m p o u n d s   may  be  u s e d   in   t h e  

p r e s e n t   i n v e n t i o n .  

(e)  T h e r m a l   s o l v e n t s  :  

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

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



t e m p e r a t u r e   to   be  a b l e   to   a c t   as  a  s o l v e n t ,   i n c l u d i n g  

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

s u l f o n s u l f o x i d e s ,   e s t e r s ,   k e t o n e s ,   e t h e r s   or   o t h e r  

c o m p o u n d s ,   w h i c h   a r e   s o l i d   a t   a b o u t   40°C  or   l o w e r .  

(f)  S u r f a c t a n t s :  

P y r i d i n i u m   s a l t s ,   ammonium  s a l t s ,   p h o s p h o n i u m  

s a l t s   as  d e s c r i b e d   in   J a p a n e s e   P a t e n t   A p p l i c a t i o n   ( O P I )  

No.  7 4 5 4 7 / 8 4 ;   and   p o l y a l k y l e n e   o x i d e s   as  d e s c r i b e d   i n  

J a p a n e s e   P a t e n t   A p p l i c a t i o n   (OPI)   No.  5 7 2 3 1 / 8 4   may  b e  

u s e d .   - 

(g)  C o m p o u n d s   h a v i n g   m u t u a l   a c t i o n   w i t h   s i l v e r   or   s i l v e r  

i o n :  

I m i d e s ;   n i t r o g e n - c o n t a i n i n g   h e t e r o c y c l i c  

c o m p o u n d s   as  d e s c r i b e d   in   J a p a n e s e   P a t e n t   A p p l i c a t i o n  

(OPI)  No.  1 7 7 5 5 0 / 8 4 ;   and   t h i o l s ,   t h i o u r e a s   and   t h i o e t h e r s  

as  d e s c r i b e d   in  J a p a n e s e   P a t e n t   A p p l i c a t i o n   (OPI)  N o .  

1 1 1 6 3 6 / 8 4  m a y   be  u s e d .  

Such  i m a g e   f o r m i n g   a c c e l e r a t o r s   may  be  i n c o r p o -  

r a t e d   in   e i t h e r   t h e   l i g h t - s e n s i t i v e   e l e m e n t   or  t h e   d y e  

f i x i n g   e l e m e n t   of  t h e   p r e s e n t   i n v e n t i o n ,   or   may  b e  

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

may  be  i n c o r p o r a t e d   in   any  of  an  e m u l s i o n   l a y e r ,   a n  

i n t e r m e d i a t e   l a y e r ,   a  p r o t e c t i v e   l a y e r ,   a  dye   f i x i n g  

l a y e r   or  an  a d j a c e n t   l a y e r s   to   any  of  t h e s e   l a y e r s .  



The  image   f o r m i n g   a c c e l e r a t o r   may  be  u s e d  

a l o n e ,   or   a l t e r n a t i v e l y ,   s e v e r a l   a c c e l e r a t o r s   may  b e  

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

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

g r e a t e r   i m a g e   f o r m i n g   a c c e l e r a t i o n   e f f e c t .   In  p a r t i c u l a r ,  

t h e   c o m b i n e d   u se   of  a  b a s e   or   b a s e   p r e c u r s o r   and   a n o t h e r  

a c c e l e r a t o r   i s   p r e f e r r e d ,   as  an  e x t r e m e l y   r e m a r k a b l e  

i m a g e   f o r m i n g   a c c e l e r a t i o n   e f f e c t   may  be  a t t a i n e d .  

In  t h e   p r e s e n t   i n v e n t i o n ,   v a r i o u s   k i n d s   o f  

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

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

i r r e s p e c t i v e   of  any  v a r i a t i o n   in  t r e a t m e n t   t e m p e r a t u r e  

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

The  t e r m   " d e v e l o p m e n t   s t o p p i n g   a g e n t "   as  u s e d  

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

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

d e v e l o p m e n t ,   t o ' l o w e r   t h e   b a s e   c o n c e n t r a t i o n   in   t h e  

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

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

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

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

a r e   a c i d   p r e c u r s o r s   c a p a b l e   of  r e l e a s i n g   an  a c i d   u n d e r  

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

s u b s t i t u t i o n   r e a c t i o n )   w i t h   a  c o e x i s t i n g   b a s e   u n d e r   h e a t ,  



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

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

o x i m e   e s t e r s   as  d e s c r i b e d   in   J a p a n e s e   P a t e n t   A p p l i c a t i o n  

(OPI)  No.  1 0 8 8 3 7 / 8 5   and   J a p a n e s e   P a t e n t   A p p l i c a t i o n   N o .  

4 8 3 0 5 / 8 4   (U .S .   P a t e n t   A p p l i c a t i o n   S e r i a l   No.  7 1 1 , 8 8 5 ,  

f i l e d   on  March   14,  1 9 8 5 ) ,   and   c o m p o u n d s   c a p a b l e   o f  

r e l e a s i n g   an  a c i d   by  R o s s e n   r e a r r a n g e m e n t   as  d e s c r i b e d  

in   J a p a n e s e   P a t e n t   A p p l i c a t i o n   No.  8 5 8 3 4 / 8 4   ( U . S .   P a t e n t  

A p p l i c a t i o n   S e r i a l   No.  7 2 7 , 7 1 8 ,   f i l e d   on  A p r i l   26,  1 9 8 5 ) .  

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

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

t i o n   r e a c t i o n   a r e   d e s c r i b e d   in   J a p a n e s e   P a t e n t   A p p l i c a -  

t i o n   No.  8 5 8 3 6 / 8 4   ( U . S .   P a t e n t   A p p l i c a t i o n   S e r i a l   N o .  

7 2 7 , 9 7 8 ,   f i l e d   on  A p r i l   26,  1 9 8 5 ) .  

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

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

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

l a r l y   r e m a r k a b l e ,   and   t h e   m o l a r   r a t i o   of  ( b a s e   p r e c u r s o r ) /  

( a c i d   p r e c u r s o r )   i s   p r e f e r a b l y   a b o u t   1 /20   to   2 0 / 1 ,   m o r e  

p r e f e r a b l y   a b o u t   1/5  to   5 / 1 .  



T h e  l i g h t - s e n s i t i v e   m a t e r i a l s   of  t h e   p r e s e n t  

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

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

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

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

as  2 - h y d r o x y e t h y l - i s o t h i u r o n i u m   t r i c h l o r o a c e t a t e  

d e s c r i b e d   in  U . S .   P a t e n t   3 , 3 0 1 , 6 7 8 ;   b i s i s o t h i u r o n i u m s  

s u c h  a s   1 , 8 - ( 3 , 6 - d i o x a o c t a n e ) b i s ( i s o t h i u r o n i u m   t r i c h l o r o -  

a c e t a t e )   d e s c r i b e d   in   U . S .   P a t e n t   3 , 6 6 9 , 6 7 0 ;   t h i o l  

c o m p o u n d s   d e s c r i b e d   in   W e s t   Ge rman   P a t e n t   A p p l i c a t i o n  

(OLS)  No.  2 , 1 6 2 , 7 1 4 ;   t h i a z o l i u m   c o m p o u n d s   s u c h   as  2 -  

a m i n o - 2 - t h i a z o l i u m   t r i c h l o r o a c e t a t e ,   2 - a m i n o - 5 - b r o m o -  

e t h y l - 2 - t h i a z o l i u m   t r i c h l o r e a c e t a t e   d e s c r i b e d   in   U . S .  

P a t e n t   4 , 0 1 2 , 2 6 0 ;   and   c o m p o u n d s   h a v i n g   an  a c i d i c   2 -  

c a r b o x y c a r b o x y a m i d e   g r o u p ,   s u c h   as  b i s ( 2 - a m i n o - 2 -  

t h i a z o l i u m )  m e t h y l e n e b i s  ( s u l f o n y l a c e t a t e ) ,   2 - a m i n o - 2 -  

t h i a z o l i u m   p h e n y l s u l f o n y l a c e t a t e ,   d e s c r i b e d   in   U . S .  

P a t e n t   4 , 0 6 0 , 4 2 0 .  

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

u s e d   in   t h e   p r e s e n t   i n v e n t i o n ,   f o r   e x a m p l e ,   a z o l e -  

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



in  B e l g i a n   P a t e n t   7 6 8 , 0 7 1 ;   4 - a r y l - 1 - c a r b a r m y l - 2 - t e t r a z o l y l -  

5 - t h i o n e   c o m p o u n d s   d e s c r i b e d   in   U.S.   P a t e n t   3 , 8 9 3 , 8 5 9 ;  

and  c o m p o u n d s   d e s c r i b e d   in  U .S .   P a t e n t s   3 , 8 3 9 , 0 4 1 ,  

3 , 8 4 4 , 7 8 8   and  3 , 8 7 7 , 9 4 0 .  

In  t h e   p r e s e n t   i n v e n t i o n ,   an  i m a g e   t o n i n g  

a g e n t   may  o p t i o n a l l y   be  u s e d .   E f f e c t i v e   t o n i n g   a g e n t s  

a r e   1 , 2 , 4 - t r i a z o l e ,   1 H - t e t r a z o l e ,   t h i o u r a c i l , .  1 ,  3 ,  4 -  

t h i a d i a z o l e   or   t h e   l i k e   c o m p o u n d s .   P r e f e r r e d   e x a m p l e s  

of  t h e s e   t o n i n g   a g e n t s   i n c l u d e   5 - a m i n o - 1 , 3 , 4 - t h i a d i a z o l e -  

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

d i s u l f i d e ,   6 - m e t h y l t h i o u r a c i l   and  1 - p h e n y l - 2 - t e t r a z o l y l -  

5 - t h i o n e .   E s p e c i a l l y   p r e f e r r e d   t o n i n g   a g e n t s   a r e  

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

The  c o n c e n t r a t i o n   of  t h e   t o n i n g   a g e n t   i n c o r p o -  

r a t e d   in   t h e   l i g h t - s e n s i t i v e   m a t e r i a l   of  t h e   p r e s e n t  

i n v e n t i o n   v a r i e s ,   d e p e n d i n g   upon   t h e   k i n d   of  l i g h t -  

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

and  t h e   k i n d   of  d e s i r e d   i m a g e ,   and  o t h e r   v a r i o u s  c o n d i -  

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

is   a b o u t   0 . 001   to  0.1  mol  p e r   mol  of  s i l v e r - c o n t a i n e d  

in  t h e   l i g h t - s e n s i t i v e   m a t e r i a l .  



B i n d e r s   w h i c h   c an   be  u s e d   in   t h e   p r e s e n t  

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

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

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

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

t i v e s ,   p o l y s a c c h a r i d e s ,   e . g . ,   s t a r c h ,   gum  a r a b i c ,   e t c . ;  

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

c o m p o u n d s ,   e . g . ,   p o l y v i n y l p y r r o l i d o n e ,   a c r y l a m i d e   p o l y -  

m e r s ,   and  t h e   l i k e .   In   a d d i t i o n ,   d i s p e r s e d   v i n y l   c o m -  

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

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

can   a l s o   be  u s e d   as  b i n d e r s .   T h e s e   b i n d e r s   can   be  u s e d  

a l o n e   or   in   c o m b i n a t i o n s   t h e r e o f .  

The  a m o u n t   of   t h e   b i n d e r   to   be  c o a t e d   i s   n o t  

more   t h a n   20  g,  p r e f e r a b l y   n o t   more   t h a n   10  g,  and  m o r e  

p r e f e r a b l y   n o t   more  t h a n   7  g,  p e r   m2  of   t h e   p h o t o g r a p h i c  

m a t e r i a l .  

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

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

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

t h a n   1  ml ,   p r e f e r a b l y   n o t   more   t h a n   0 .5   ml ,   and  more   p r e -  

f e r a b l y   n o t   more   t h a n   0 .3   ml ,   p e r   g ram  of   t h e   b i n d e r .  

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

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

or   d y e - f i x i n g   m a t e r i a l s   may  c o n t a i n   o r g a n i c   or   i n o r g a n i c  



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

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

g l y o x a l ,   g l u t a r a l d e h y d e ,   e t c . ,   N - m e t h y l o l   c o m p o u n d s ,  

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

d i o x a n e   d e r i v a t i v e s ,   e . g . ,   2 , 3 - d i h y d r o x y d i o x a n e ,   e t c . ,  

a c t i v e   v i n y l   c o m p o u n d s ,   e . g . ,   1 , 3 , 5 - t r i a c r y l o y l - h e x a -  

h y d r o - s - t r i a z i n e ,   1 , 3 - v i n y l s u l f o n y l - 2 - p r o p a n o l ,   1 , 2 -  

b i s ( v i n y l s u l f o n y l a c e t a m i d o ) e t h a n e ,   e t c . ,   a c t i v e   h a l o g e n  

c o m p o u n d s ,   e . g . ,   2 , 4 - d i c h l o r o - 6 - h y d r o x y - s - t r i a z i n e , . e t c . ,  

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

c h l o r i c   a c i d ,   e t c . ,   and  t h e   l i k e ,   e i t h e r   a l o n e   or   i n  

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

'  In  e i t h e r   one  of  the  l i g h t - s e n s i t i v e   m a t e r i a l   or  d y e - f i x i n g  

m a t e r i a l   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 ,   a  suppor t   o t h e r   than  the  a b o v e -  

d e s c r i b e d   suppor t   of  the  p r e s e n t   i n v e n t i o n   may  be  used.  Such  s u p p o r t s  

g e n e r a l l y   i n c l u d e   g l a s s ,   paper ,   me ta l s   and  the  l i k e ,   and  in  a d d i t i o n ,   p o l y m e r  

f i lms ,   e . g . ,   an  a c e t y l   c e l l u l o s e   f i lm,   a  c e l l u l o s e   e s t e r   f i l m ,  

a  p o l y v i n y l   a c e t a l   f i l m ,   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   f i l m  

and   t h e   l i k e .   P a p e r   s u p p o r t s   l a m i n a t e d   w i t h   p o l y m e r s ,   e . g . ,  

p o l y e t h y l e n e ,   can   be  u s e d .   For   l a m i n a t i o n ,   p o l y e s t e r s  

d e s c r i b e d   in  U .S .   P a t e n t s   3 , 6 3 4 , 0 8 9   and   3 , 7 2 5 , 0 7 0   a r e  

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

may  a l s o   be  u s e d   as  a  s u p p o r t   f o r   a  d y e - f i x i n g   m a t e r i a l .  

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

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

d y e s   f r o m   a  l i g h t - s e n s i t i v e   l a y e r   to   a  d y e - f i x i n g   l a y e r  



can  be  e f f e c t e d   by  u s i n g   a  dye  t r a n s f e r   a i d .  

The  dye  t r a n s f e r   a i d   may  e i t h e r   be  s u p p l i e d  

f rom  t h e   o u t s i d e   of   t h e   s y s t e m   b e t w e e n   a  l i g h t - s e n s i t i v e  

l a y e r   and  a  d y e - f i x i n g   l a y e r   or   be  p r e v i o u s l y   i n c o r p o r a t -  

ed  in   a  l i g h t - s e n s i t i v e   l a y e r   a n d / o r   a  d y e - f i x i n g   l a y e r .  

The  dye  t r a n s f e r   a i d   to   be  u s e d   in  t h e   f o r m e r   c a s e  

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

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

a l k a l i   m e t a l   s a l t ,   a  low  b o i l i n g   s o l v e n t ,   e . g . ,   m e t h a n o l ,  

N , N - d i m e t h y l f o r m a m i d e ,   a c e t o n e ,   d i i s o b u t y l   k e t o n e ,   e t c . ,  

and  a  m i x e d   s o l v e n t   of   t h e   low  b o i l i n g   s o l v e n t   and  w a t e r  

or   t h e   a f o r e s a i d   b a s i c   a q u e o u s   s o l u t i o n .   An  i m a g e -  

r e c e i v i n g   l a y e r   may  be  we t   w i t h   t h e   dye  t r a n s f e r   a i d .  

In  t h e   l a t t e r   c a s e ,   t h e   a b o v e - d e s c r i b e d   d y e  

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

s e n s i t i v e   m a t e r i a l   a n d / o r   a  d y e - f i x i n g   m a t e r i a l   in   t h e  

fo rm  of  a  c r y s t a l   w a t e r ,   m i c r o c a p s u l e s   or   a  p r e c u r s o r  

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

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

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

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

a n d / o r   a  d y e - f i x i n g   m a t e r i a l .   The  t h e r m a l   s o l v e n t   may  b e  

i n c o r p o r a t e d   in   any  of   an  e m u l s i o n   l a y e r ,   a  p r o t e c t i v e  

l a y e r   and  a  d y e - f i x i n g   l a y e r ,   b u t   p r e f e r a b l y   in   a  d y e -  

f i x i n g   l a y e r   a n d / o r   a  l a y e r   a d j a c e n t   t h e r e t o .   E x a m p l e s  



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

a m i d e s ,   s u l f o n a m i d e s ,   i m i d e s ,   a l c o h o l s ,   o x i m e s   a n d  

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

In  t h e   c a s e s   when  t h e   a b o v e - d e s c r i b e d   d y e -  

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

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

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

p e r   s e ,   i t   i s   n o t   so  n e c e s s a r y   to   add  an  a n t i - i r r a d i a t i o n  

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

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

m a t e r i a l s   may  c o n t a i n ,   i f   d e s i r e d ,   f i l t e r   d y e s   or   a b s o r b -  

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

an  i m a g e ,   as  d e s c r i b e d   in   J a p a n e s e   P a t e n t   P u b l i c a t i o n   N o .  

3 6 9 2 / 7 3 ,   U .S .   P a t e n t s   3 , 2 5 3 , 9 2 1 ,   2 , 5 2 7 , 5 8 3   and  2 , 9 5 6 , 8 7 9 ,  

e t c .  

The  l i g h t - s e n s i t i v e   m a t e r i a l s   w h i c h   can   b e  

u s e d   in   t h e   p r e s e n t   i n v e n t i o n   can  f u r t h e r   c o n t a i n ,   i f  

d e s i r e d ,   v a r i o u s   a d d i t i v e s   known  to  be  u s e d   in   h e a t -  

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

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

i n g   d y e s ,   m a t t i n g   a g e n t s ,   s u r f a c e   a c t i v e   a g e n t s ,  

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

and  t h e   l i k e ,   as  d e s c r i b e d   in   R e s e a r c h   D i s c l o s u r e ,   V o l .  

170,   No.  17029  ( J u n e ,   1 9 7 8 ) .  



The  l i g h t - s e n s i t i v e   e l e m e n t   or   d y e - f i x i n g  

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

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

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

In   o r d e r   t o   o b t a i n   a  c o l o r   image   h a v i n g   a  w i d e  

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

p r i m a r y   c o l o r s   of   y e l l o w ,   m a g e n t a   and  c y a n ,   t h e   l i g h t -  

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

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

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

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

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

e m u l s i o n   l a y e r ,   a  g r e e n - s e n s i t i v e   e m u l s i o n   l a y e r ,   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   and  an  i n f r a r e d   l i g h t - s e n s i t i v e  

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

s i o n   l a y e r ,   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   and  an  i n f r a r e d  

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

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

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

t i o n   of  a  b l u e - s e n s i t i v e   e m u l s i o n   l a y e r ,   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   and  an  i n f r a r e d   l i g h t - s e n s i t i v e   e m u l s i o n  

l a y e r ;   and  t h e   l i k e .   The  i n f r a r e d   l i g h t - s e n s i t i v e  



e m u l s i o n   l a y e r   h e r e i n   u s e d   i s   an  e m u l s i o n   l a y e r   h a v i n g  

s e n s i t i v i t y   to   l i g h t   of  700  nm  or   m o r e ,   p a r t i c u l a r l y  

740  nm  or   m o r e .  

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

be  u s e d   in   t h e   p r e s e n t   i n v e n t i o n   may  c o n t a i n   two  or  m o r e  

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

r e g i o n   b u t   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 .  

The  a f o r e s a i d   e m u l s i o n   l a y e r s   a n d / o r   l i g h t -  

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

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

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

f o r m i n g   a  h y d r o p h i l i c   y e l l o w   d y e ,   a  d y e - p r o v i d i n g   c o m p o u n d  

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

d y e ,   and  a  d y e - p r o v i d i n g   c o m p o u n d   c a p a b l e   of   r e l e a s i n g   o r  

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

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

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

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

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

a  hue  d i f f e r e n t   to   e a c h   o t h e r .   I f   d e s i r e d ,   m i x t u r e s   o f  

two  or   more   d y e - p r o v i d i n g   c o m p o u n d s   h a v i n g   t h e   same  h u e  

may  be  u s e d .   I f   u s i n g   i n i t i a l l y   c o l o r e d   d y e - p r o v i d i n g  

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

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

e m u l s i o n   l a y e r .   The  l i g h t - s e n s i t i v e   m a t e r i a l s   u s e d   in  t h e  



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

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

l a y e r ,   an  a n t i s t a t i c   l a y e r ,   an  a n t i c u r l i n g   l a y e r ,   a  

p a r t i n g   l a y e r ,   a  m a t t i n g   l a y e r ,   and  t h e   l i k e .  

In  p a r t i c u l a r ,   a  p r o t e c t i v e   l a y e r   u s u a l l y  

c o n t a i n s   an  o r g a n i c   or   i n o r g a n i c   m a t t i n g   a g e n t   f o r   t h e  

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

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

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

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

and  a  w h i t e   p i g m e n t ,   e . g . ,   t i t a n i u m   d i o x i d e .   The  w h i t e  

p i g m e n t   may  be  a d d e d   n o t   o n l y   t o   t h e   i n t e r m e d i a t e   l a y e r  

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

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

may  c o m p r i s e   t w o  o r   more  l a y e r s .  

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

can  be  e f f e c t e d   by  u s i n g   known  s e n s i t i z i n g   d y e s   so  as  t o  

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

The  d y e - f i x i n g   e l e m e n t   w h i c h   can   be  u s e d   in   t h e  

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

a  m o r d a n t .   In  t h e   c a s e s   w h e r e   a  d y e - f i x i n g   l a y e r   i s  

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

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

I f   d e s i r e d ,   t h e   d y e - f i x i n g   e l e m e n t   can   f u r t h e r  

have   a  w a t e r - a b s o r b i n g   l a y e r   or   a  dye   t r a n s f e r   a i d -  



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

t i o n   of  a  d y e - t r a n s f e r   a i d   or   to   c o n t r o l   t h e   d y e  

t r a n s f e r   a i d .   The  w a t e r - a b s o r b i n g   l a y e r   or   dye  t r a n s f e r  

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

f i x i n g   l a y e r   w i t h   o r   w i t h o u t   an  i n t e r m e d i a t e   l a y e r   b e i n g  

i n t e r p o s e d   t h e r e b e t w e e n .  

The  d y e - f i x i n g   l a y e r   may  be  c o m p o s e d   of  two  o r  

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

i n g   p o w e r s ,   i f   d e s i r e d .  

The  d y e - f i x i n g   e l e m e n t   can   f u r t h e r   h a v e ,   i n  

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

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

an  a n t i c u r l i n g   l a y e r ,   e t c . ,   a c c o r d i n g   to   n e c e s s i t y .  

One  or   a  p l u r a l i t y   of   t h e   a b o v e - d e s c r i b e d   l a y e r s  

may  c o n t a i n   a  b a s e   a n d / o r   a  b a s e   p r e c u r s o r   f o r   a c c e l e r a t -  

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

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

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

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

i n g   a g e n t ,   and  t h e   l i k e .  

In  a d d i t i o n   t o   t h e   a b o v e - d e s c r i b e d   l a y e r ,   t h e  

d y e - f i x i n g   e l e m e n t   may  have   a  r e f l e c t i n g   l a y e r   c o n t a i n i n g  

a  w h i t e   p i g m e n t ,   e . g . ,   t i t a n i u m   o x i d e ,   a  n e u t r a l i z i n g  

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

i n g   on  t h e   p u r p o s e .   T h e s e   l a y e r s   may  be  p r o v i d e d   n o t   o n l y  



in   t h e   d y e - f i x i n g   e l e m e n t   b u t   a l s o   in   t h e   l i g h t -  

s e n s i t i v e   e l e m e n t .   L a y e r   s t r u c t u r e s   f o r   t h e   r e f l e c t -  

i n g   l a y e r ,   n e u t r a l i z a t i o n   l a y e r   and  n e u t r a l i z a t i o n  

t i m i n g   l a y e r   a r e   d e s c r i b e d ,   e . g . ,   in   U . S .   P a t e n t s  

2 , 9 8 3 , 6 0 6 ,   3 , 3 6 2 , 8 1 9 ,   3 , 3 6 2 , 8 2 1   and  3 , 4 1 5 , 6 4 4 ,   C a n a d i a n  

P a t e n t   9 2 8 , 5 5 9 ,   e t c .  

I t   i s   a d v a n t a g e o u s   t h a t   t h e   d y e - f i x i n g   e l e m e n t  

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   c o n t a i n s   t h e   a b o v e -  

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

d y e - f i x i n g   l a y e r   or   in   an  i n d e p e n d e n t   l a y e r .  

In  t h e   p r e s e n t   i n v e n t i o n ,   when  h e a t   d e v e l o p m e n t  

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

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

by  a  c o n v e n t i o n a l l y   known  t e c h n i q u e   so  as   to   h a v e   a  

d e s i r e d   t e m p e r a t u r e   c h a r a c t e r i s t i c .  

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

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

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

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

t i t a n i u m   o x i d e ,   z i n c   o x i d e ,   e t c . ;   and  an  o r g a n i c   t h i n  

f i l m   made  of  c o n d u c t i v e   f i n e   p a r t i c l e s   of   m e t a l s ,   c a r b o n  

b l a c k ,   g r a p h i t e ,   e t c .   d i s p e r s e d   in  a  b i n d e r ,   e . g . ,   r u b b e r ,  

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

e l e m e n t s   may  be  p r o v i d e d   in   c o n t a c t   w i t h   a  l i g h t - s e n s i t i v e  

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



l a y e r ,   and  t h e   l i k e .  

E x a m p l e s   of   a  p o s i t i o n a l   r e l a t i o n   of   t h e   h e a t -  

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

b e l o w :  

H e a t i n g   E l e m e n t / S u p p o r t / L i g h t - S e n s i t i v e   E l e m e n t ,  

S u p p o r t / H e a t i n g   E l e m e n t / L i g h t - S e n s i t i v e   E l e m e n t ,  

S u p p o r t / H e a t i n g   E l e m e n t / I n t e r m e d i a t e   L a y e r / L i g h t -  
S e n s i t i v e   E l e m e n t ,  

S u p p o r t / L i g h t - S e n s i t i v e   E l e m e n t / H e a t i n g   E l e m e n t ,   a n d  

S u p p o r t / L i g h t - S e n s i t i v e   E l e m e n t / I n t e r m e d i a t e  
L a y e r / H e a t i n g   E l e m e n t .  

An  i m a g e - r e c e i v i n g   l a y e r   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   i n c l u d e s   a  d y e - f i x i n g   l a y e r   u s e d   i n  

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

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

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

t e r t i a r y   amino   g r o u p ,   a  n i t r o g e n - c o n t a i n i n g   h e t e r o c y c l i c  

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

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

a  t e r t i a r y   amino   g r o u p   a r e   d e s c r i b e d   in   J a p a n e s e  P a t e n t  

A p p l i c a t i o n   (OPI)  Nos .   6 0 6 4 3 / 8 5 ,   5 7 8 3 6 / 8 5 ,   e t c . ,   and  p o l y m e r s  

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

r i n g   a r e   d e s d r i b e d   in   U . S .   P a t e n t   A p p l i c a t i o n   S e r i a l  

No.  6 7 6 , 9 8 7 ,   f i l e d   on  N o v e m b e r   11,  184,  J a p a n e s e   P a t e n t  

A p p l i c a t i o n   No.  2 3 2 0 7 1 / 8 3 ,   U .S .   P a t e n t s   4 , 2 8 2 , 3 0 5 ,  

4 , 1 1 5 , 1 2 4   and  3 , 1 4 8 , 0 6 1 , e t c .  

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



v i n y l   monomer   h a v i n g   a  q u a t e r n a r y   i m i d a z o l i u m   c a t i o n  

a r e   d e s c r i b e d   in   B r i t i s h   P a t e n t s   2 , 0 5 6 , 1 0 1 ,   2 , 0 9 3 , 0 4 1  

and  1 , 5 9 4 , 9 6 1 ,   U .S .   P a t e n t s   4 , 1 2 4 , 3 8 6 ,   4 , 1 1 5 , 1 2 4 ,  

4 , 2 7 3 , 8 5 3   and  4 , 4 5 0 , 2 2 4 ,   J a p a n e s e   P a t e n t   A p p l i c a t i o n  

OPI  No.  2 8 2 2 5 / 7 3 ,   e t c .  

P r e f e r r e d   examples  of  polymers  c o n t a i n i n g   a  v i n y l   monomer 

having  a  q u a t e r n a r y   ammonium  c a t i o n   are   g iven  in  U.S.  P a t e n t s   3 , 7 0 9 , 6 9 0 ,  

3 ,898,088  and  3 , 9 5 8 , 9 9 5 ,   J apanese   P a t e n t   A p p l i c a t i o n   (OPI)  N o s . 5 7 8 3 6 / 8 5  

and   6 0 6 4 3 / 8 5 ,   J a p a n e s e   P a t e n t   A p p l i c a t i o n   N o s .   2 3 2 0 7 0 / 8 3   a n d  

232072/83  and  U.S.  P a t e n t   A p p l i c a t i o n   S e r i a l   No.731,695  f i l e d   on  May  8,  184. 

The  l i g h t - s e n s i t i v e   m a t e r i a l s   of   t h e   p r e s e n t  

i n v e n t i o n   c an   be  o b t a i n e d   b y  f o r m u l a t i n g   c o a t i n g   c o m p o -  

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

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

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

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

as  d i p   c o a t i n g ,   a i r   k n i f e   c o a t i n g ,   c u r t a i n   c o a t i n g ,   a n d  

h o p p e r   c o a t i n g   as  d e s c r i b e d   in   U . S .   P a t e n t   3 , 6 8 1 , 2 9 4 ,   o n  

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

I f   d e s i r e d ,   two  or  more  l a y e r s   c an   be  c o a t e d  

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

in  U .S .   P a t e n t   2 , 7 6 1 , 7 9 1   and   B r i t i s h   P a t e n t   8 3 7 , 0 9 5 .  

E x p o s u r e   f o r   i m a g e   f o r m a t i o n   i s   c a r r i e d   o u t  

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

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



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

h a l o g e n   lamp  ( e . g . ,   an  i o d i n e   l a m p ) ,   a  x e n o n   l a m p ,   a  

l a s e r   beam,   a  CRT  s p o t ,   a  f l u o r e s c e n t   l a m p ,   a  l i g h t -  

e m i t t i n g   d i o d e   (LED),   and  t h e   l i k e .  

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

p r o c e s s   r a n g e   f r o m   a b o u t   80°  to   a b o u t   2 5 0 ° C ,   p r e f e r a b l y  

f rom  a b o u t   110°  to   a b o u t   1 8 0 ° C ,   more  p r e f e r a b l y   f r o m  

120°  to   1 8 0 ° C ,   and  m o s t   p r e f e r a b l y   f rom  140°  to   1 8 0 ° C .  

H e a t i n g   t e m p e r a t u r e s   in  a  t r a n s f e r   p r o c e s s  

r a n g e   f rom  room  t e m p e r a t u r e   up  to   t h e   t e m p e r a t u r e   e m p l o y -  

ed  in   t h e   h e a t   d e v e l o p m e n t   p r o c e s s ,   and  p r e f e r a b l y   f r o m  

60°C  up  to   a  t e m p e r a t u r e   l o w e r : t h a n   t h a t   e m p l o y e d   in   t h e  

h e a t   d e v e l o p m e n t   p r o c e s s   by  a b o u t   10°C.   H e a t i n g   m e a n s  

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

p l a t e ,   an  i r o n ,   a  h o t   r o l l e r ,   a  h e a t i n g   e l e m e n t   made  o f  

c a r b o n   or   t i t a n i u m   w h i t e ,   and  t h e   l i k e .  

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

i m a g e w i s e   r e l e a s i n g   a  d i f f u s i b l e   dye  i s   u s e d   in   t h e   p r e s e n t  

i n v e n t i o n ,   a  dye  t r a n s f e r   a s s i s t a n t   may  be  u s e d  f o r   t h e  

p u r p o s e   of  e f f i c i e n t   d i f f u s i o n   of  t h e   dye  f o r m e d   f rom  t h e  

l i g h t - s e n s i t i v e   l a y e r   to   t h e   dye  f i x i n g   l a y e r .  

The  dye   t r a n s f e r   a s s i s t a n t   may  be  a p p l i e d   t o  

t h e   l i g h t - s e n s i t i v e   m a t e r i a l   a n d / o r   t h e   d y e - f i x i n g   m a t e r i a l  

a f t e r   d e v e l o p m e n t ,   or  a l t e r n a t i v e l y   may  p r e v i o u s l y   be  i n -  

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



For   t h e   a d d i t i o n   of  t h e   dye   t r a n s f e r   a s s i s t a n t  

to  t h e   l i g h t - s e n s i t i v e   l a y e r   a n d / o r   t h e   dye   f i x i n g   l a y e r ,  

v a r i o u s   means   may  be  u t i l i z e d ;   f o r   e x a m p l e ,   a  r o l l e r  

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

in  J a p a n e s e   P a t e n t   A p p l i c a t i o n   No.  5 5 9 0 7 / 8 3 ;   a  m e t h o d  

w h e r e   w a t e r   i s   c o a t e d   on  t h e   s u r f a c e   of  a  d y e - f i x i n g  

l a y e r   by  t h e   u s e   of  a  w a t e r   a b s o r p t i v e   m a t e r i a l ,   a s  

d e s c r i b e d   in   J a p a n e s e   P a t e n t   A p p l i c a t i o n   (OPI)  N o . 1 8 1 3 5 4 / 8 4 ;  

a  m e t h o d   w h e r e   b e a d s   a r e   f o r m e d   b e t w e e n   a  w a t e r   r e p e l l a n t  

r o l l e r   and  a  dye  f i x i n g   l a y e r   and   t h e r e a f t e r   a  dye   t r a n s f e r  

a s s i s t a n t   i s   i m p a r t e d   t h e r e t o ,   as   d e s c r i b e d   in   J a p a n e s e  

P a t e n t   A p p l i c a t i o n   (OPI)  No.  1 8 1 3 4 5 / 8 4 ;   and   o t h e r   d i p  

m e t h o d s ,   e x t r u s i o n   m e t h o d s ,   j e t t i n g   m e t h o d   in   w h i c h   a  d y e  

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

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

c r u s h e d ,   or   o t h e r   c o n v e n t i o n a l   means   may  be  u t i l i z e d .  

R e g a r d i n g   t h e   a m o u n t   of   dye  t r a n s f e r   a s s i s t a n t  

a d d e d   to   t h e   l i g h t - s e n s i t i v e   m a t e r i a l   of   t h e   p r e s e n t  

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

a s s i s t a n t   may  be  a d d e d ,   as  d e s c r i b e d   in   J a p a n e s e   P a t e n t  

A p p l i c a t i o n   (OPI)  No.  1 6 4 5 5 1 / 8 4 ,   or  a l t e r n a t i v e l y ,   a n  

e x c e s s   and  s u f f i c i e n t   a m o u n t   of   t h e   a s s i s t a n t   i s   a d d e d  

a n d  t h e r e a f t e r   t h e   a m o u n t   may  be  a p p r o p r i a t e l y   r e g u l a t e d  



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

t h e   l i g h t - s e n s i t i v e   m a t e r i a l   by  t h e   use   of  r o l l e r s   o r  

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

h e a t .  

V a r i o u s   c o n v e n t i o n a l   h e a t i n g   means   may  be  u s e d  

in  t h e   t r a n s f e r   s t e p   in   t h e   t r e a t m e n t   of  t h e   l i g h t - s e n s i -  

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

m a t e r i a l   may  be  h e a t e d   by  b e i n g   p a s s e d   t h r o u g h   h o t   p l a t e s  

or  by  b e i n g   c o n t a c t e d   w i t h   h o t   p l a t e s   ( e . g . ,   as  d e s c r i b e d  

in  J a p a n e s e   P a t e n t   A p p l i c a t i o n   (OPI)  No.  6 2 6 3 5 / 7 5 ) ;   by  b e i n g  

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

( e . g . ,   as  d e s c r i b e d   in   J a p a n e s e   P a t e n t   P u b l i c a t i o n   N o . 1 0 7 9 1 / 6 8 ) ;  

by  b e i n g   p a s s e d   t h r o u g h   h o t   a i r   ( e . g . ,   as  d e s c r i b e d   i n  

J a p a n e s e   P a t e n t   A p p l i c a t i o n   (OPI)  No.  3 2 7 3 7 / 7 8 ) ;   by  b e i n g  

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

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

q u i d e   r o l l e r s ,   c o n v e y o r   b e l t   or  t h e   l i k e   guide  p a r t s   ( e . g . ,  

as  d e s c r i b e d   in   J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  2 5 4 6 / 6 9 ) .  

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

be  h e a t e d   by  a p p l y i n g   an  e l e c t r i c   c u r r e n t   to  an  e l e c t r o -  

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

b l a c k   or   a  m e t a l   s u b s t a n c e   p r o v i d e d   on  s a i d   dye   f i x i n g  

e l e m e n t   l a y e r ,   to   h e a t   t h e   dye   f i x i n g   e l e m e n t   l a y e r .  



The  h e a t i n g   t e m p e r a t u r e   in   t h e   t r a n s f e r   s t e p  

i s   w i t h i n   a  r a n g e   of  f r o m   room  t e m p e r a t u r e   to  t h e   t e m p e r -  

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

w i t h i n   a  r a n g e   of  f r o m   a b o u t   60°C  up  to   a  t e m p e r a t u r e   l o w e r  

t h a n   t h e   h e a t   d e v e l o p m e n t   t e m p e r a t u r e   by  10°C  or   m o r e .  

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

and  t h e   d y e - f i x i n g   m a t e r i a l   a r e   b r o u g h t   i n t o   i n t i m a t e  

c o n t a c t   u n d e r   a  p r e s s u r e   o f   f rom  0.1  to   100  K g / c m 2 ,   a n d  

p r e f e r a b l y   f r o m   1  t o   50  K g / c m 2 ,   as  d e s c r i b e d   in   J a p a n e s e  

P a t e n t   A p p l i c a t i o n   No.  5 5 6 9 1 / 8 3 ,   t h o u g h   v a r y i n g   d e p e n d -  

i n g   upon   t h e   m a t e r i a l   u s e d .   The  p r e s s u r e   i s   a p p l i e d   b y  

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

p r e s s i n g   u s i n g   s m o o t h   p l a t e s   and  t h e   l i k e .   The  r o l l e r   o r  

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

t e m p e r a t u r e   of   f r o m   room  t e m p e r a t u r e   t o   t h a t   e m p l o y e d  

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

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  i l l u s t r a t e d  

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

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

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

a l l   p a r t s   and  p e r c e n t s   a r e   g i v e n   by  w e i g h t   u n l e s s   o t h e r -  

w i s e   i n d i c a t e d .  



EXAMPLES 

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   b y  

r e f e r e n c e   to  s p e c i f i c   e x a m p l e s   w h i c h   a re   no t   m e a n t   to  b e  

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

p e r c e n t s ,   e t c . ,   a r e   by  w e i g h t .  

E x a m p l e   1 

A  b e n z o t r i a z o l e   s i l v e r   e m u l s i o n   was  p r e p a r e d   i n  

the   f o l l o w i n g   m a n n e r .  

G e l a t i n   (28  g)  and  b e n z o t r i a z o l e   ( 1 3 . 2   g)  w e r e  

d i s s o l v e d   in  w a t e r   (300  m l ) .   The  r e s u l t i n g   s o l u t i o n   w a s  

h e l d   a t   400C  and  s t i r r e d .   To  t h i s   s o l u t i o n   a  s o l u t i o n   o f  

s i l v e r   n i t r a t e   ( 1 7  g )   in  w a t e r   ( 1 0 0  m l )   was  a d d e d   o v e r  

2  m i n .  

A f t e r   pH  a d j u s t m e n t ,   t h e   r e s u l t i n g   b e n z o t r i a z o l e  

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

Then  the   pH  was  a d j u s t e d   to  6 . 3 0   to  o b t a i n   a  b e n z o t r i a z o l e  

s i l v e r   e m u l s i o n   a t   a  y i e l d   of  400  g .  

The  s i l v e r   h a l i d e   fo r   t he   f i f t h   and  the   f i r s t  

l a y e r s   was  p r e p a r e d   in  t h e   f o l l o w i n g   m a n n e r .  

An  a q u e o u s   s o l u t i o n   (600  ml)  of  s o d i u m   c h l o r i d e  

and  p o t a s s i u m   b r o m i d e   and  an  a q u e o u s   s o l u t i o n   of  s i l v e r  

n i t r a t e   ( s i l v e r   n i t r a t e :   0 . 50   m o l e ,   w a t e r :   6 0 0  m l )   w e r e  

s i m u l t a n e o u s l y   a d d e d   a t   a  c o n s t a n t   f l o w   r a t e   o v e r   40  m i n  

to  an  a q u e o u s   g e l a t i n   s o l u t i o n   ( g e l a t i n :   2 0  g ,   s o d i u m  

c h l o r i d e :   3  g  and  w a t e r :   1 , 0 0 0   ml,   h e l d   a t   750C)  w h i c h   w a s  



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

c h l o r o b r o m i d e   e m u l s i o n   (Br:   50  mole%)  h a v i n g   an  a v e r a g e  

g r a i n   s i z e   of  0 . 4 0   µm  was  p r e p a r e d   in  t h i s   w a y .  

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

e m u l s i o n ,   s o d i u m   t h i o s u l f a t e   (5  mg)  and  4 - h y d r o x y - 6 - m e t h l -  

1 , 3 , 3 1 , 7 - t e t r a a z a i n d e n e   (20  mg)  we re   a d d e d   and  c h e m i c a l  

s e n s i t i z a t i o n   was  p e r f o r m e d   a t   60oC.   The  y i e l d   of  t h e  

e m u l s i o n   was  600  g .  

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

was  p r e p a r e d   in  t he   f o l l o w i n g   m a n n e r .  

To  an  a q u e o u s   g e l a t i n   s o l u t i o n   ( g e l a t i n :   20  g ,  

s o d i u m   c h l o r i d e :   3  g,  w a t e r :   1 , 0 0 0   ml ,   h e l d   a t   750C)  w h i c h  

is   b e i n g   t h o r o u g h l y   s t i r r e d ,   an  a q u e o u s   s o l u t i o n   (600  m l )  

of  s o i u m   c h l o r i d e   and  p o t a s s i u m   b r o m i d e   and  an  a q u e o u s  

s i l v e r   n i t r a t e   s o l u t i o n   ( s i l v e r   n i t r a t e :   0 . 5 9   m o l e ,   w a t e r :  

600  ml)  were   s i m u l t a n e o u s l y   a d d e d   a t   a  c o n s t a n t   f l o w   r a t e  

o v e r   4 0  m i n .   A  m o n o d i s p e r s e   c u b i c   s i l v e r   c h l o r o b r o m i d e  

e m u l s i o n   (Br :   80  mole%)  h a v i n g   an  a v e r a g e   g r a i n   s i z e   o f  

0 . 3 5   µm  was  o b t a i n e d .  

A f t e r   w a s h i n g   and  d e s a l t i n g   of  t h e   r e s u l t i n g  

e m u l s i o n ,   s o d i u m   t h i o s u l f a t e   (5  mg)  and  4 - h y d r o x y - 6 -  

m e t h y l - 1 , 3 , 3 a , 7 - t e t r a a z a i n d e n e   (20  mg)  were   a d d e d   a n d  

c h e m i c a l   s e n s i t i z a t i o n   was  e f f e c t e d   a t   60oC.   The  y i e l d   o f  

the   e m u l s i o n   was  600  g .  

A  g e l a t i n   d i s p e r s i o n   of  a  dye  p r o v i d i n g  



s u b s t a n c e   was  p r e p a r e d   in  t he   f o l l o w i n g   m a n n e r .  

A  y e l l o w   dye  p r o v i d i n g   s u b s t a n c e   (A)  (5  g ) ,  

s o d i u m   2 - e t h y l h e x y l s u l f o s u c c i n a t e   ( 0 . 5   g)  and  t r i i s o n o n y l  

p h o s p h a t e   (10  g)  as  s u r f a c t a n t s ,   and  e t h y l   a c e t a t e   (30  m l )  

were   mixed   and  h e a t e d   at   a b o u t   600C  to  fo rm  a  u n i f o r m  

s o l u t i o n .   The  r e s u l t i n g   s o l u t i o n   and  an  a q u e o u s   10%  l i m e  

t r e a t e d   g e l a t i n   s o l u t i o n   (100  g)  were   m i x e d   u n d e r   s t i r r i n g  

and  t h e n   d i s p e r s e d   by  a  h o m o g e n i z e r   a t   1 0 , 0 0 0   rpm  f o r  

10  min .   T h i s   d i s p e r s i o n   was  t e r m e d   a  " d i s p e r s i o n   of  a  

y e l l o w   dye  p r o v i d i n g   s u b s t a n c e " .  

A  d i s p e r s i o n   of  a  m a g e n t a   dye  p r o v i d i n g  

s u b s t a n c e   was  p r e p a r e d   in  a  m a n n e r   s i m i l a r   to  t he   a b o v e -  

d e s c r i b e d   m e t h o d ,   e x c e p t   t h a t   a  m a g e n t a   dye  p r o v i d i n g  

s u b s t a n c e   (B)  and  t r i c r e s y l   p h o s p h a t e   ( 7 . 5   g)  as  a  h i g h  

b o i l i n g   s o l v e n t   were   u s e d .  

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

w a s . p r e p a r e d   in  a  m a n n e r   s i m i l a r   to  t he   a b o v e - i d e n t i f i e d  

y e l l o w   dye  d i s p e r s i o n   u s i n g   a  cyan   dye  p r o v i d i n g   s u b s t a n c e  

( C ) .  

U s i n g   t he   a b o v e - d e s c r i b e d   m a t e r i a l s ,   a  

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

shown  in  T a b l e   1 .  











Dye  p r o v i d i n g   s u b s t a n c e s  







A  dye  f i x i n g   m a t e r i a l   h a v i n g   a  dye  f i x i n g   l a y e r  

was  p r e p a r e d   in  t he   f o l l o w i n g   m a n n e r .  

G e l a t i n e   h a r d e n i n g   a g e n t s   ( H - l )   ( 0 . 7 5   g)  and  ( H -  

2)  ( 0 . 2 5   g ) ,   w a t e r   (160  ml)  and  a  10%  l i m e   t r e a t e d   g e l a t i n  

s o l u t i o n   (100  g)  were   u n i f o r m l y   m i x e d .   The  r e s u l t i n g  

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

( a ) ,   (b)  and  (c)  as  shown  in  the   f o l l o w i n g   t a b l e ,   w h i c h  

were   l a m i n a t e d   w i t h   p o l y e t h y l e n e   w h e r e i n   t i t a n i u m   o x i d e  

was  d i s p e r s e d ,   to   a  wet  t h i c k n e s s   of  60  µm  and  d r i e d .  



A  p o l y m e r   ( 1 5  g )   of  t he   f o l l o w i n g   f o r m u l a   w a s  

d i s s o l v e d   in  w a t e r   (200  ml)  and  t he   r e s u l t i n g   s o l u t i o n   w a s  

u n i f o r m l y   m i x e d   w i t h   10%  l i m e   t r e a t e d   g e l a t i n   ( 1 0 0  g ) .  

The  r e s u l t i n g   m i x t u r e   was  u n i f o r m l y   c o a t e d   on  t h e   a b o v e -  

d e s c r i b e d   c o a t e d   s u p p o r t s   to  a  wet  t h i c k n e s s   of   85  µm  t o  

o b t a i n   dye  f i x i n g   m a t e r i a l s   ( I ) ,   ( I I )   and  ( I I I ) .  

P o l y m e r :  

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

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

lamp  (500  lx)   f o r   one  s e c o n d   t h r o u g h   a  s e p a r a t i o n   (G,  R 

and  IR)  of  c o n t i n u o u s   d e n s i t y   c h a n g e   (G  f i l t e r :   5 0 0 - 6 0 0   nm 

band  p a s s   f i l t e r ,   R  f i l t e r :   6 0 0 - 7 0 0   nm  band   p a s s   f i l t e r ,  

IR  f i l t e r :   f i l t e r   p a s s i n g   w a v e l e n g t h s   of   700  nm  o r  

l o n g e r ) .  

The  l i g h t - s e n s i t i v e   m a t e r i a l   was  s u b s e q u e n t l y  

e v e n l y   h e a t e d   f o r   30  sec   on  a  h e a t e d   b l o c k   a t   1 4 0 o C .  

Then  w a t e r   ( 1 5  m l / m 2 )   was  s u p p l i e d   to   t h e   f i l m  

s i d e   of  t he   dye  f i x i n g   m a t e r i a l   and  t h e n   t h e   a b o v e -  

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

h e a t   t r e a t e d   was  s u p e r i m p o s e d   on  t h e   dye  f i x i n g   m a t e r i a l  



such   t h a t   t he   f i l m   s i d e s   were   b r o u g h t   i n t o   c o n t a c t .  

A f t e r   h e a t i n g   f o r   6  sec   on  a  h e a t e d   b l o c k   a t  

800C,  t he   dye  f i x i n g   m a t e r i a l   was  p e e l e d   o f f   t he   l i g h t -  

s e n s i t i v e   m a t e r i a l   to  o b t a i n   y e l l o w ,   m a g e n t a   and  c y a n  

i m a g e s   on  t he   f i x i n g   m a t e r i a l   c o r r e s p o n d i n g   to  t he   G,  R 

and  IR  l i g h t s   s e p a r a t e d   by  t h e   s e p a r a t i o n   f i l t e r  

r e s p e c t i v e l y .  

The  maximum  d e n s i t y   of  e a c h   c o l o r   (Dmax)  w a s  

m e a s u r e d   u s i n g   a  M a c b e t h   r e f l e c t i o n   d e n s i t o m e t e r   ( R D - 5 1 9 )  

and  the   d e g r e e   of  u n e v e n n e s s   of  t r a n s f e r   of  e a c h   d y e  

f i x i n g   m a t e r i a l   was  v i s u a l l y   e v a l u a t e d .  

The  r e s u l t s   a r e   shown  in  T a b l e   2 .  



Number   of  s p e c k s   of  u n e v e n   t r a n s f e r   ( c i r c u l a r  

s p e c k s   of  1 0  µ m  -   1  mm)  f o u n d   in  1  cm2  of   t he   image   a r e a :  

1 ) >   5 0 ,  2 )   < 5 .  



0 . 5 9   mole )   and  the   f o l l o w i n g   dye  s o l u t i o n   (I)  w e r e  

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

of  40  min.   A  m o n o d i s p e r s e   c u b i c   s i l v e r   c h l o r o b r o m i d e  

e m u l s i o n   (Br:   80  mole%)  w h e r e i n   a  dye  h a v i n g   an  a v e r a g e  

g r a i n   s i z e   of  0 . 3 5   pm  was  a b s o r b e d   was  o b t a i n e d .  

A f t e r   w a s h i n g   and  d e s a l t i n g   of  t he   e m u l s i o n ,  

s o d i u m   t h i o s u l f a t e   (5  mg)   and  4 - h y d r o x y - 6 - m e t h y l - 1 , 3 , 3 1 , 7 -  

t e t r a a z a i n d e n e   (20  mg)  were   a d d e d   to  t h e   e m u l s i o n   a n d  

c h e m i c a l   s e n s i t i z a t i o n   was  e f f e c t e d   at   6 0 o C .  

The  e m u l s i o n   was  o b t a i n e d   in  a  y i e l d   of  600  g .  

Dye  s o l u t i o n   [ 1 ]  

The  e m u l s i o n   f o r   t he   f i f t h   l a y e r   as  shown  i n  

T a b l e   3  was  p r e p a r e d   in  t he   f o l l o w i n g   m a n n e r .  

To  an  ' a q u e o u s   g e l a t i n   s o l u t i o n   ( w a t e r :   1 , 0 0 0   m l ,  

g e l a t i n :   20  g,  a m m o n i a ,   and  h e l d   a t   50°C)  w h i c h   was  b e i n g  



T a b l e   2  shows   t h a t   use   of  t he   c o a t e d   p a p e r   o r  

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

d e c r e a s e s   u n e v e n n e s s   of  t r a n s f e r   e v e n   when  t he   b a s i s  

w e i g h t   of   t h e  p a p e r   i s   s m a l l   ( i . e . ,   t h e   p a p e r   i s   t h i n ) ,  

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

u n e v e n   t r a n s f e r   a l m o s t   c o m p l e t e l y .  

E x a m p l e   2 

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

shown  in  T a b l e   3  was  p r e p a r e d   in  t h e   f o l l o w i n g   m a n n e r .  

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

l a y e r   shown  in  T a b l e   3  i s   t h e   same  as  t h e   s i l v e r  

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

E x a m p l e   l .  

Dye  p r o v i d i n g   s u b s t a n c e s   (A) ,   (B)  and  (C)  a s  

shown  in  T a b l e   3  a r e   e a c h   t h e   same  as  t h a t   u s e d   i n  

E x a m p l e   1 .  

The  b e n z o t r i a z o l e   s i l v e r   shown  in  T a b l e   3  is   t h e  

same  as  t h a t   of   E x a m p l e   1 .  

The  e m u l s i o n   f o r   t he   t h i r d   l a y e r   shown  i n  

T a b l e   3  was  p r e p a r e d   in  t h e   f o l l o w i n g   m a n n e r .  

To  an  a q u e o u s   g e l a t i n   s o l u t i o n   ( w a t e r :   1 , 0 0 0   m l ,  

g e l a t i n :   2 0  g ,   s o d i u m   c h l o r i d e :   3  g ,   and  h e l d   a t   7 5 0 C )  

u n d e r   v i g o r o u s   a g i t a t i o n   an  a q u e o u s   s o l u t i o n   (600  ml)  o f  

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

of  s i l v e r   n i t r a t e   ( w a t e r :   600  ml ,   s i l v e r   n i t r a t e :  



t h o r o u g h l y   s t i r r e d   an  a q u e o u s   s o l u t i o n   ( 1 . 0 0 0   ml)  o f  

p o t a s s i u m   i o d i d e   and  p o t a s s i u m   b r o m i d e   and  an  a q u e o u s  

s i l v e r   n i t r a t e   s o l u t i o n   ( w a t e r :   1 , 0 0 0   ml,   s i l v e r   n i t r a t e :  

1  m o l e )   were   s i m u l t a n e o u s l y   added   w h i l e   k e e p i n g   t he   pAg 

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

e m u l s i o n   ( I :   5  m o l e % )   h a v i n g   an  a v e r a g e   g r a i n   s i z e   o f  

0 .5   µm  was  o b t a i n e d .  

A f t e r   w a s h i n g   and  d e s a l t i n g   of  the   e m u l s i o n ,  

c h l o r o a u r i c   a c i d   ( t e t r a h y d r a t e )   (5  mg)  and  s o d i u m  

t h i o s u l f a t e   (2  mg)   were   a d d e d   to  t he   e m u l s i o n   to  e f f e c t  

g o l d   and  s u l f u r   s e n s i t i z a t i o n   at   60oC.   The  e m u l s i o n   w a s  

o b t a i n e d   in  a  y i e l d   of  1 .0   k g .  











The  dye  f i x i n g   m a t e r i a l   was  p r e p a r e d   as  f o l l o w s :  

L i m e - t r e a t e d   g e l a t i n   (12  g)  was  d i s s o l v e d   i n  

w a t e r   (200  m l ) ,   and  an  a q u e o u s   0 .5   M  z i n c   a c e t a t e   s o l u t i o n  

(16  ml)  was  a d d e d   and  t h e   r e s u l t i n g   s o l u t i o n   was  u n i f o r m l y  

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

( a ) ,   (b)  and  (c)  s i m i l a r   to   t h o s e   u s e d   in  E x a m p l e   1  to  a  

wet   t h i c k n e s s   of   85  µm,  and  a  c o a t i n g   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   was  f u r t h e r   c o a t e d   e v e n l y   in  a  

s u p e r i m p o s e d   f a s h i o n   on  t he   a b o v e - d e s c r i b e d   c o a t i n g   to  a  

wet   t h i c k n e s s   of   90  µm  to  o b t a i n   dye  f i x i n g   m a t e r i a l s  

( I V ) ,   (V)  and  ( V I ) .  

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

f i x i n g   l a y e r :  

The  a b o v e - i d e n t i f i e d   m u l t i l a y e r   s t r u c t u r e   c o l o r  

l i g h t - s e n s i t i v e   m a t e r i a l   was  e x p o s e d   to  l i g h t   ( 2 , 0 0 0   l x )  



u s i n g   a  t u n g s t e n   lamp  fo r   1  sec   t h r o u g h   a  s e p a r a t i o n  

f i l t e r   (B,  G  and  R)  of  c o n t i n u o u s   d e n s i t y   c h a n g e .  

T h e r e a f t e r   t he   l i g h t - s e n s i t i v e   m a t e r i a l   was  e v e n l y   h e a t e d  

fo r   30  sec   on  a  h e a t e d   b l o c k   a t   1 4 0 0 C .  

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

the   d y e - f i x i n g   m a t e r i a l   were   s u p e r i m p o s e d   on  e a c h   o t h e r  

s u c h   t h a t   t he   c o a t e d   s u r f a c e s   a re   b r o u g h t   i n t o   c o n t a c t ,  

and  were   p a s s e d   b e t w e e n   h e a t e d   r o l l e r s   (1300C)   u n d e r  

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

a  h e a t e d   b l o c k   (120oC)   f o r   30  s e c .   I m m e d i a t e l y   a f t e r   t h e  

h e a t i n g ,   t he   dye  f i x i n g   m a t e r i a l   was  p e e l e d   o f f   t h e   l i g h t -  

s e n s i t i v e   m a t e r i a l   to  o b t a i n   y e l l o w ,   m a g e n t a   and  c y a n  

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

B,  G  and  R  were   o b t a i n e d   on  t he   dye  f i x i n g   m a t e r i a l .   T h e  

maximum  d e n s i t y   (Dmax)  of   e a c h   c o l o r   was  d e t e r m i n e d   u s i n g  

a  M a c b e t h   r e f l e c t i o n   d e n s i t o m e t e r   (RD-519)   and  t h e   d e g r e e  

o f  u n e v e n   t r a n s f e r   was  v i s u a l l y   e v a l u a t e d .  

The  r e s u l t s   a r e   shown  in  T a b l e   4 .  



From  T a b l e   4,  i t   i s   s e e n   t h a t   when  t he   c o a t e d  

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

u s e d ,   no  u n e v e n   t r a n s f e r   o c c u r s   e v e n   i f   t h e   t r a n s f e r   i s  

e f f e c t e d   in  t he   t o t a l   a b s e n c e   of   w a t e r   and  in   t he   p r e s e n c e  

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

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

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

W h i l e   t he   i n v e n t i o n   has   b e e n   d e s c r i b e d   in  d e t a i l  



and  w i t h   r e f e r e n c e   to  s p e c i f i c   e m b o d i m e n t s   t h e r e o f ,   i t  

w i l l   be  a p p a r e n t   to  one  s k i l l e d   in  t h e   a r t   t h a t   v a r i o u s  

c h a n g e s   and  m o d i f i c a t i o n s   can  be  made  t h e r e i n   w i t h o u t  

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



1.  A  m e t h o d   of  t r a n s f e r r i n g   a  dye  w h i c h  

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

a  m o b i l e   dye  d i s t r i b u t e d   in  an  i m a g e w i s e   p a t t e r n   on  a  

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

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

to  s a i d   dye  f i x i n g   m a t e r i a l ,   and  w h e r e i n   a t   l e a s t   one  o f  

s a i d   two  s u p p o r t s   has   s u c h   s u r f a c e   c h a r a c t e r i s t i c s   t h a t  

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

w a v i n e s s   v a l u e   i s   4  pm  or  g r e a t e r   i s   n o t   more  t h a n   10  o u t  

of   100  l o c a t i o n s   on  t h e   s u p p o r t   a r b i t r a r i l y   s e l e c t e d   f o r  

m e a s u r i n g   the   f i l t e r e d   maximum  w a v i n e s s   of   a  b a s i c   l e n g t h  

of   2 .5   mm  of   a  f i l t e r e d   w a v i n e s s   c u r v e   o b t a i n e d   w i t h   a  

c u t - o f f   v a l u e   of  0 .8   mm  f rom  a  p r o f i l e   m e a s u r e d   by  J I S  

S t a n d a r d   B  0610  w i t h   r e s p e c t   to   t he   s u r f a c e   s m o o t h n e s s   o f  

t h e   s u p p o r t .  

2.  A  m e t h o d   of  t r a n s f e r r i n g   a  dye  c o m p r i s i n g  

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

m a t e r i a l   on  a  f i r s t   s u p p o r t   on  a  dye  f i x i n g   m a t e r i a l  

h a v i n g   a  dye  f i x i n g   l a y e r   on  a  s e c o n d   s u p p o r t   to   t h e r e b y  

t r a n s f e r   s a i d   dye  to  t h e  d y e   f i x i n g   l a y e r ,   t h e   s u p p o r t   o f  

a t   l e a s t   one  of  s a i d   m o b i l e - d y e - c o n t a i n i n g   l i g h t - s e n s i t i v e  

m a t e r i a l   and  s a i d   dye  f i x i n g   m a t e r i a l   c o m p r i s i n g   c o a t e d  

p a p e r .  

3.  A  m e t h o d   of  t r a n s f e r r i n g   a  dye  as  d e s c r i b e d  

in  C l a i m   2,  w h e r e i n   s a i d   c o a t e d   p a p e r   i s   c a s t   c o a t e d  

p a p e r .  



4.  A  m e t h o d   of  t r a n s f e r r i n g   a  dye  as  d e s c r i b e d  

in  C l a i m   1,  w h e r e i n   s a i d   p h o t o g r a p h i c   m a t e r i a l   is   o n e  

o b t a i n e d   by  h e a t   d e v e l o p i n g   a  h e a t   d e v e l o p m e n t   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   on  a  s u p p o r t   a t   l e a s t   a  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 ,   a  b i n d e r ,   and  a  d y e - p r o v i d i n g  

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

h e a t i n g ,   a f t e r   or  d u r i n g   t he   h e a t   d e v e l o p m e n t .  
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